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Introduction

Anti-gravity (also known as non-gravitational field) is an idea
of creating a place or object that is free from the force of
gravity. It does not refer to the lack of weight under grav-
ity experienced in free fall or orbit, or to balancing the force
of gravity with some other force, such as electromagnetism or
aerodynamic lift. Anti-gravity is a recurring concept in sci-
ence fiction, particularly in the context of spacecraft propul-
sion. Examples are the gravity blocking substance ”Cavorite”
in H. G. Wells’ The First Men in the Moon and the Spindizzy
machines in James Blish’s Cities in Flight.

In Newton’s law of universal gravitation, gravity was an
external force transmitted by unknown means. In the 20th
century, Newton’s model was replaced by general relativity
where gravity is not a force but the result of the geometry
of spacetime. Under general relativity, anti-gravity is impos-
sible except under contrived circumstances.[1][2][3] Quantum
physicists have postulated the existence of gravitons, massless
elementary particles that transmit gravitational force, but the
possibility of creating or destroying these is unclear.

”Anti-gravity” is often used colloquially to refer to devices
that look as if they reverse gravity even though they operate
through other means, such as lifters, which fly in the air by
moving air with electromagnetic fields.

Source: Wikepedia (https://en.wikipedia.org/wiki/Anti-gravity).
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Who’s Who in Antigravity 
By Tim Ventura, January 27th, 2004 [tventura6@comcast.net] 

 
Please note: the following list is as comprehensive as possible, but due to the nature of Antigravity research, 
such a list cannot possibly encompass the scope of work being done on these concepts around the world. 
Therefore, this list may not contain references to all relevant information, but does attempt to be as 
comprehensive as possible. 
 
 
Mach’s Principle: Offcenter-rotators, inertial-thrusters, or piezo-devices. These devices attempt 
to “pull themselves up by the bootstraps” to overcome gravity mechanically. 

 Dr. James F. Woodward, Piezo-Electric Transducers 
 Robert Cook, Cook Inertial Propulsion Device 
 Paul March (Lockheed), Indy-experiments with Woodward’s research 
 James Cox, Offcenter-Rotator Device 

 
 
 
ELF-Grav Shielding: Low-Frequency EM-waves block gravitons from interacting with mass, 
creating a shield from gravity and inertia. 

 Prof. Fran De Aquino, Brazilian inventor (possibly working with Braz. Military) 
 Steve Burns, M.A. Nuclear Physics, Designer of De Aquino’s device 
 Martin Tajmar, Presenting ELF-Replication attempt at STAIF 2005. 

 
 
Mass-Fluctuation: Utilizing EM-waves to create mass fluctations simulates “negative mass” 
which has been proposed to generate an Antigravity Effect. 

 William Alek, built Gravimetric Mass Fluctuation Prototype 
 
 
 
Biefield-Brown: High-voltages are used to create an asymmetrical-capacitance, which Puthoff & 
Sakarov have proposed creates forward directional thrust by interacting with quantum-foam. 

 TT Brown, Built a varied collection of disk-shaped BB-Effect rotators. 
 Dr. Alfred Biefeld, experimental colleague of TT Brown. 
 RL Talley, experiments showed non-conservative force from spark discharge. 
 Dr’s. Haisch, Rueda, and Puthoff, Quantum-Foam theory 
 Jean-Louis Naudin, Conducted open-source experimental validation. 
 Tim Ventura, Enhancement of BB-Effect via Ultraviolet Preionization 
 Saviour, Demonstrated inertial anomalies related to angular momentum 
 Alexander DeSeversky, Early pioneer of the Ion-Wind thrust component. 
 Russell Anderson, builder of world’s largest BB-Effect devices. 

 
 
Superconductive Grav-Shield: A rotating superconductor or gas-plasma creates a shield around 
the test device that blocks inertia and mass, similar to the ELF shield above. 

 Dr. Eugene Podkletnov, Claims 2% to 9% decrease in weight due to SC-shielding 
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 Dr. Ning Li, Claims to have replicated rotating SC grav-shield 
 John Schnurer, Popular experimental replication claim (invalidated, 1998) 
 Pete Skeggs, Inventor responsible for collating Podkletnov’s early work. 
 Dr. Ning Wu, Theoretical prediction suggests phase-transition causes effect. 
 Tony Robertson, Scientist  in NASA 2001 Podkletnov Rotation Experiment 
 Ron Koczor, Scientist  in NASA 2001 Podkletnov Rotation Experiment. 

 

Superconductive HFGW: The Gertsenshtein Effect allows a high-frequency interaction between 
Electromagnetism and Gravitation that creates powerful Gravitational-Waves, capable of exerting 
tons of force. 

 Dr. Eugene Podkletnov, Experimental claim for hundreds of pounds of force from new force-
beam apparatus (smashing brick, warping metal, etc.). This is from a pulse-discharge HFGW 
apparatus (2 MV Marx Discharge). 

 Dr. Ning Li, Claims to be generating continuous-duty 11-kilowatt AC-Gravity beam from RF 
components on Type-II SC (push/pull effect, high output). 

 Dr. David Maker, unGauged GR theory supporting Podkletnov’s results. 
 Dr. Ning Wu, Gauge GR theory supporting Podkletnov’s results. 
 Dr. Bob Baker, designer of nanoscale high-frequency grav-wave experiment. 
 Tony Robertson, proposes nanoscale Type-II SC defect creating grav-waves. 
 Gary Stephenson, proposes Gerstenshtein Effect responsible for Force-Beam. 
 Paul Murad, organizer for STAIF conference & chief scientific review head. 

 
 
Bismuth/ Element 115: A poorly understood mechanism claimed to be the result of reverse-
engineering UFO’s that somehow translates high-voltage electricity into a propulsive gravity-wave. 
More recently it has been suggested that Bismuth and Mercury have unique nuclear shell 
interactions with gravitational force. 

 Bob Lazar, Claims Element 115 decay cycle releases propulsive gravity-waves. 
 John Dering, Claims that Bismuth is an enhancer for gravito-electric effects. 

 
 
 
Gyroscopic-Precession: A variation on Mach’s Principle in which a force applied horizontally 
creates an upward thrust in a rotating gyroscope. Includes NMR Antigravity, a nanoscale-variation 
of Gyroscopic precession in which EM-radiation is used to generate Nuclear Magnetic Resonance 
and create a precessional force against gravity for the entire test-object. 

 Dr. Eric Laithwaite, Demonstration of precession for British Royal Society. 
 Bruce DePalma,  Independent experimentation with precession force thrust. 
 Dr. Richard Hoagland, Proposes NMR version of precession experiments. 

 
 
Lenz-Law: A series of variations on the common electromagnetic inductive-force in which an 
Antigravity craft is repelled from the Earth’s surface using a macro-scale variant of Lenz’s Law. 
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 Boyd Bushman, Proposes high-frequency Lenz Levitation aircraft. 
 Bill Butler, Proposal for Lenz-Levitation circa 1992. 

 
 

GeoMagnetic Levitation: A high-energy, low-efficiency device that generates upward and 
directional thrust by applying a very high-strength magnetic field to repel against the Earth’s 
natural magnetic field. 

 Bill Butler, Experimenting with high-amplitude magnetic field levitation.  
 Howe Wachspress, inventor working with H.A. magnetic levitation. 
 Mark Goldes, supporter of Butler’s research & owner of Wachspress’ patent. 

  
 
Rotating Magnetic Field Device: A broad category of Antigravity device in which a series of 
high-speed rotating electromagnetic fields are used to warp-space and generate a pure, high-
efficiency, and sometimes overunity Antigravity Effect. May be related to Magnus-Effect 
propulsion or Rotating Superconductive Antigravity. 

 John Searl, British inventor of SEG & IGV Antigravity devices. 
 Dr. Paul Brown, performed successful independent 1986 SEG replication. 
 John Thomas, American affiliate for SEG research (DISC Corp). 
 Russell Anderson, leading Applied-Electrogravitics 2005 SEG replication. 
 Saviour, created 2003 Magnus-Effect levitation replication. 
 Marcus Hollingshead, Rotating fields are applied to stationary core for AG thrust. 
 Sergei Godin, Built Russian SEG replication w/ gear-roller enhancements. 
 Vladimir Roschin, Assistant to Godin for 1992 & 2005 Russian SEG replications. 
 Harold Aspden, discoverer of a virtual magnetic inertia in rotating fields. 

 
 
 
Hutchison-Effect: A poorly understood high-voltage/high-frequency Antigravity mechanism 
capable of lifting hundreds of pounds of weight, but lacking the repeatability for close scientific 
scrutiny and easy replication. This is an aspect of scalar-technology, and may be also called “scalar-
antigravity” or “Bearden Antigravity”. 

 John Hutchison, Canadian inventor & tinkerer – inventor of H-Effect. 
 Boyd Bushman, Claims to have seen Lockheed experimental confirmation 
 Rex Webb, Claims to have an optical-assembly for replicating H-Effect. 
 Ted Gagnon, Developed theoretical predictions & tests for H-Effect. 

 
 
 
Poynting Vector Propulsion: A real, workable reactionless-drive based on classical 
electrodynamics principles, tested to generate pounds of thrust. Scalability for this system is 
unknown – early prototypes are unstable. 

 Jean-Louis Naudin, created 1999 prototype “Poynting swing” experiment. 
 John Dering, Participated in 2000 Poynting-vector thrust replication. 
 Dr. Tom Bearden, Theoretical design for Poynting-ventor propulsor. 
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Einstein’s UFT Effect: An engineering-level approach to AG based on tensor analysis from 
Einstein’s 1929+ Unified Field Theory. In practical form, it translates into rotating RF wave 
devices utilizing mercury (Nazi Bell, SARA Wheel, Philadelphia Experiment). 

 John Dering, SARA physicist predicting Einstein’s UFT as explanation for the Nazi Bell 
technology. Dering performed independent validation of UFT anomalous Effects at SARA under 
funding from ISSO in 2000. 

 Dr. James Corum, PhD EE suggesting Einstein’s UFT as explanation for Nazi Antigravity 
research and Philadelphia Experiment. Corum performed replication of Allied radar-invisibility in 
1994 to validate the Philadelphia Experiment physics. 

 Dr. Walther Gerlach, WW-II German physicist involved with Nazi UFT experiments. 
 Dr. Nikola Tesla, PhD EE reportedly involved with Allied UFT research during WW-II 

(creator of mirage effect). 
 Dr. Albert Einstein, reportedly involved with Allied UFT research for mirage effect, assigned 

to Navy on Philadelphia Experiment during 1943. 

 
Casimir Force & ZPE: A variety of proposed Antigravity devices have come from work 
relating to Zero-Point energy from Quantum Mechanics. These remain highly-speculative & 
subject to further investigation. 

 Dr. Hal Puthoff: Proposing a “polarized vacuum” theory. 
 Dr. Andreas Sakharov, 1960’s Russian theory (precursor to PV theory) 
 Dr. Bernard Haisch, Proposing a Quantum Foam virtual-particle theory. 
 Dr. Alfonse Rueda, Co-Author with Haisch of Quantum-Foam theory. 
 Dr. Paul Laviolette, Proposing SubQuantum Kinetics theory predicting Podkletnov force-

beam experiment. 
 Dr. Ning Li, Proposing Quantum Cooper-Pair theory predicting Podkletnov experiment. 

 
 
Torsion Fields: Initially predicted by Einstein’s Unified Field Theory, a number of Russian 
scientists spent considerable research into a modified abstract of these ideas from 1960-
onward, due to Einstein’s prediction that Torsion Fields can “unbend” the gravitational 
curvature of space in a local area. 

 Albert Einstein, predicted a torsion-tensor as a component of 1929+ UFT. 
 Alexander Frolov, publisher of “New Energy Technologies” Magazine in Moscow, has 

categorized a vast number of Russian researchers experimenting with Torsion Fields from the 
1960’s onward. 

 Dr. N.A. Kosyrev: Spin Field proposal with energy implications. 
 Dr’s Nachalov/Parkhomov/Sokolov, Russian researchers in torsion-field mechanics. 
 A.E. Akimov, G. I. Shipov, Spin-Field Proposal reportedly similar to theories supported by 

Jack Sarfatti. 
 A. A. Shpilman, Torsion Field investigation. 

 
 
Electromagnetic Plenum Effect: Modified Air-Cushion concept proposing to contain ions 
between vehicle and ground to create surface-effect levitation. Recirculation of charged air in 
plenum increases lift efficiency for surface-effect transport. 

 Bill Butler, 1992 experiments with ion-containment levitation systems. 
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 Tim Ventura, Conducted 2003 BB-Effect / Bernoulli plenum levitation experiment. 
 
 
Coanda-Effect Levitation: Aerodynamic Effect often confused with Antigravity designed to 
create low-pressure area to create lift over conventional lifting surface. Variants include the 
high-efficiency vortex-thruster technology & well-known AvroCar Air Force Prototype. The 
Vortex Thruster showed promise at lift efficiencies up to 10x compared to helicopter (4 tons 
per square meter). 

 Andreas Epp: Developed WW-II mechanical Coanda-disk for Germany. 
 Viktor Schaumberger: Developed WW-II “Repulsine” Coanda-thruster. 
 Dr. Mikhail Goldshtik: Developed HE Vortex Thruster at U. of Texas in 1997. 
 Tim Ventura, Developed self-compressing Vortex-Thruster in 2003. 
 Terry Day, Developed box-style high-intensity vortex (tornado) generator. 
 AvroCar, 1960’s era military prototype for Coanda surface-effect levitation. 
 Bob Iannini, Developed box-style high-intensity vortex (tornado) generator. 
 Dr. Paul Moller, inventor of the Moller SkyCar, 1990’s-era updated AvroCar. 

 
 
Alt-Energy Systems: The following are a few of the more well-known pursuits of high-output 
mobile electrical generation proposed for use in Antigravity technologies. 
 

 Dr. Paul Brown, proposing stimulated decay nuclear batteries. 
 Patrick Herda, CEO of Paul Brown’s Nuclear Solutions company. 
 Michael McDonnough, founder of Betavoltaic, proposing micronuclear power-supplies 

based on LENR & plasma-fusion. 
 Arie DeGiess, invented micro-scale plasma-fusion generator for AG systems. 
 Dr. Ronald Mills, Founder of Blacklight Power, proposing plasma hydrino-reaction suitable 

for onboard AG power. 
 Jim Henry, Armor Systems International, inventor of microscale steam-turbine for 

Stanford/DARPA battle armor project. Proposing same for onboard AG power. 
 John Dering, proposing laser-stimulated nuclear-isomer decay “throttleable” nuclear 

powerplants. 
 
 
Boundary Layer Reduction & Stealth: The application of the Biefeld-Brown effect for the 
reduction of air-compression in aircraft due to the boundary-layer condition. Various testing 
has also suggested that this is a potential method for generating aircraft radar-insibility. 

 Dr. Paul Laviolette, Proposed BB-Effect stealth-enhancements for the B2. 
 Dr. James Corum, demonstrated naval stealth replication for the Philadelphia Experiment 

and proposed plasma-shielding through radar absorption to confirm Laviolette’s claim. 
 Jean-Louis Naudin, demonstrated boundary-layer reduction via the Biefeld-Brown Effect in 

dielectric fluids. 
 John Dering, described 1960’s RF-plasma experiments by Northrop leading to “cold-

plasma” boundary-layer reduction for aircraft performance. 
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Relativity Theory: This theory has been investigated by many with regard to applications for 
space-travel. The following is a highly-truncated list of research pertaining to Antigravity. 

 Miguel Alcubierre, a 1960’s era warp-drive concept from within general relativity allowing 
“folded space” to create FTL travel and a new method of propulsion. (The Warp Drive in Star 
Trek is based on Alcubierre’s work). 

 Dr. Jack Sarfatti, independently derived a post-Einsteinian theory similar to UFT that he 
claims supports UFO & AG technologies. 

 Dr. David Maker, author of an ungauged theory of general relativity supporting 
Podkletnov’s force-beam claims. 

 Dr. Ning Wu, author of a gauge-theory of Relativity supporting Podkletnov’s research. 
 
 
Government Interest: A variety of organizations have conducted limited investigation into 
Antigravity technologies. The following is a truncated list of recent known investigations. 
Please note that none of these investigations has involved a full-scale organizational 
commitment to research. 
 

 Naval Research Labs, Conducted internal 2003 investigation of Lifter & Biefeld-Brown 
Effect technologies. 
 

 NASA, conducted a variety of exploratory investigations into Biefeld-Brown Effect 
technologies from 1980-onward, resulting in several related patents in 2001. NASA also has a 
variety of employees working off-the-clock with the open-source community, and attempted a 
replication of the Podkletnov rotating disk apparatus in 2001. 
 

 Los Alamos National Labs, has been very actively conducting internet-research for AG 
related information. Additionally, they reportedly conducted an internal replication of Lifter 
technology in October 2003. 

 US Air Force, has no current official interest in AG technologies, but does show interest in 
staying current with latest research. Additionally, the Air Force has financed studies of Biefeld-
Brown Technology dating back to the 1950’s. 
 

 Oak Ridge National Labs, published 2001 research findings to demonstrate that they have 
actively pursued energy-related research based on open-source community work over the last 
decade. 
 

 Defense Intelligence Agency, has no official interest in AG technologies, but does show 
interest in staying current with latest research. 

 United States Army, Aviation and Missile Command financed Dr. Ning Li’s 2002 AC-
Gravity experiments. 
 

 Japanese Government, financed educational replication of Lifter experiment for students in 
2002. Results included testing of a 25-foot Lifter involving several hundred thousand dollars in 
equipment investment. 
 

 Brazilian Army R&D, published a 2001 paper describing socio-economic impact of gravity-
control. Brazilian military has also reportedly been closely scrutinizing AG research by Dr. 
Fran De Aquino. 
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 British Government, Reportedly financing research by Marcus Hollinshead, in addition to 

maintaining interest in recently-defunct BAE Greenglow project. 
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(54) TRIANGULAR SPACECRAFT 

(76) Inventor: John Quincy St. Clair, San Juan, PR 
(US) 

Correspondence Address: 
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SANJUAN, PR 00911 (US) 
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(51) Int. Cl. 
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(57) ABSTRACT 

A spacecraft having a triangular hull with vertical electro 
static line charges on each corner that produce a horizontal 
electric field parallel to the sides of the hull. This field, 
interacting with a plane wave emitted by antennas on the 
side of the hull, generates a force per Volume combining 
both lift and propulsion. 
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Figure 1 
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Figure 2 
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Figure 3 

  





Patent Application Publication Jul. 6, 2006 Sheet 5 of 7 US 2006/014SO19 A1 

Figure 5 
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Figure 6 
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Figure 7 
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TRANGULAR SPACECRAFT 

BRIEF SUMMARY OF THE INVENTION 

0001. This invention is a spacecraft having a triangular 
hull with vertical electrostatic line charges on each corner. 
The line charges create a horizontal electric field that, 
together with a plane wave emitted by antennas on the side 
of the hull, generates a force per Volume providing a unique 
combination of both lift and propulsion. 

BACKGROUND OF THE INVENTION 

0002 Referring to FIG. 1, the spacecraft has a hull in the 
shape of an equilateral triangle. A parabolic antenna (E) is 
centrally located in the bottom of the hull. An array of 
horizontal slot antennas is located along the side of the hull 
(A). Each back corner (F,G) has a corner conducting plate 
which is charged to a positive voltage +V. The forward 
corner (C) has a conducting plate charged to a negative 
voltage -V. A motion control hemisphere (D) is located on 
the bottom surface in each of the three corners. 

0003 Referring to FIG. 2, two planes (A,B) intersect at 
the origin O at an opening angle B. Each plane (x,y) is 
charged to a voltage V. The potential at point P is determined 
in polar coordinates {p(p). The Laplace equation for the 
potential db in polar coordinates is given by: 

ld (9) 10 (e) + = 
Using a separation of variables solution, the potential is 
given as the product of two functions: 

d(p,q)=R(p) P(qb) 

which when Substituted into the Laplace equation becomes: 

E. 1 of p (i. = 0 if (of * 442 
Since the two terns are separately functions of p and (p 
respectively, each one has to be constant with the sum of the 
constants equal to Zero: 

R 1 di {f(t)= = - R dip' dip Y did2 

These two equations have solutions: 
R(p)=ap'PY 
(cp)=Acos('p)+B sin(Vcp) 

The azimuthal angle p is restricted to a value in the range 
Oscps. The boundary condition is that the potential db is 
equal to V for any radius p when (p=0 and (p=f3. This means 
that V has to be an integer value of It so that the sine function 
is Zero: 

i 

sin(vp3) = sin(f) = sin(m) = 0 m = 1, 2 ... 

Jul. 6, 2006 

which in turn means that the coefficient A of the cosine term 
has to be zero in the solution above. Choosing b=0 makes the 
general Solution for the potential equal to: 

which shows that when the angle is Zero, the sine is Zero and 
the potential is V. If the angle is B, then there is a multiple 
of at Such that the sine is Zero again. 
0004 Because the series involves positive powers of the 
radius, for Small enough p, only the first term m=1 in the 
series is important. Thus around p=0, the potential is 
approximately 

0005 The electric field component is the negative gradi 
ent of the potential: 

1 od id 
E (p, q}) = - = - - - p. 8d) B picos(td 1 b) 

The Surface charge distribution O at (p=0 and (p=f3 is equal to 
the electric field perpendicular to the surface times the 
permittivity of space e. 

Notice that if angle of intersection B is less than L, then the 
equation says that there is a very small radius to a positive 
power which means little charge density accumulation. 
0006 Referring to FIG. 3, the value of B, in the case of 
the triangular hull, is equal to 360° less 60° for a total of 
3OOO Or: 

which says that there is a charge density singularity to the 
two fifths power for small radius. Thus, the corner plates on 
the hull create a huge line charge density along the sharp 
vertical corner edge. The equation for the potential of a line 
charge density is given as: 

---- - Yah? -- v - van’ d(x, y) = 2, Ln(x Xo) + (y – yo)) 

where w is the charge per unit length in the vertical Z-di 
rection, and X and yo are the location of the line charge in 
the Xy-plane. 
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0007 Referring to FIG. 4, the triangular hull (D) is 
plotted together with the potential contours (A) and the 
electric field arrows (B) created by the three corner line 
charges. The line charges are perpendicular to the paper. 
Notice that the electric field arrows are parallel crossing the 
center parabolic antenna (C). The electric field is also 
parallel to the sides (D) of the triangle. 
0008 Referring to FIG. 5, along the side of the triangle 
(A), an array (B) of horizontal slot antennas emit electro 
magnetic waves that have a vertically polarized electric E 
field (C). These traveling waves interact with the electric 
field (D) produced by the line charges on the corners of the 
triangle. 

0009. Using differential forms mathematics, this combi 
nation of fields is represented by the Hodge star of the 
differential of the wedge product of the two fields. The 
antenna electromagnetic field is a combination of a traveling 
magnetic field B, and electric field E. The stationary field 
E created by the line charges is perpendicular to the traveling 
WaV. 

force 
d(E^ (B + E. A dt) = c volume 

where e is the linear capacitance of space and c is the speed 
of light. Thus there is a force per volume around the hull. 
0010 This combination of fields produces a spacetime 
curvature as determined by Einstein's General Theory of 
Relativity. The traveling electric field has an amplitude in 
the vertical z-direction and travels in the X-direction 

The Faraday electromagnetic tensor contains all the electric 
and magnetic fields in all the x,y,z) directions. The first row 
and first column contain the two electric fields 

O E O Ecos(x - i) 
X E. O O O 

F: = y O O O O 

3. Ecos(x - i) () () O 

The stress exerted on spacetime occurs in the XX, yy and 
ZZ-direction as calculated from the stress-energy tensor T of 
gravitational physics 

x 

1 
4T FF- ig" Fer 

where g is the metric tensor for Cartesian space 

it - 1 O O O 

0 1 0 O 

$of y o 0 1 0 
3 O 0 0 1 
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where the diagonal components are the coefficients of the 
elementary spacetime length ds squared 

The calculation produces three stresses T.T. and T in 
their respective x,y,z) directions. 
0011 Referring to FIG. 6, these three stresses are plotted 
together as a 3D vector field animated over time in nine 
frames. The graphs show that there is a lift force as depicted 
by the vertical arrows as well as a force of propulsion as 
shown by the interspersed horizontal arrows. With the 
passage of time, these vectors exchange places with each 
other so that the lift becomes the propulsion and vice versa, 
creating a wavy stress-energy field around the hull. 

SUMMARY OF THE INVENTION 

0012. This invention is a spacecraft with a triangular hull 
having charged flat plates on the vertical corners of the three 
sides. The two rear corners are charged to a potential V. The 
forward corner is charged to a potential -V. The 60° angle 
on the corner creates a line charge density singularity that 
produces a huge horizontal electric field pointing from the 
back to the front of the craft which is also parallel to the 
sides of the triangle. An array of horizontal slot antennas 
located on the sides of the triangular hull produce an 
electromagnetic wave with the electric field polarized in the 
vertical direction. This combination of fields produces a 
spacetime force in both the vertical and horizontal directions 
such that the spacecraft receives a lift force and a force of 
propulsion. 

A BRIEF DESCRIPTION OF THE DRAWINGS 

0013) 
0014 FIG. 2. Drawing of the intersection of two charged 
plates in order to calculate the charge density in the corner. 

FIG. 1. Perspective view of triangular spacecraft. 

0.015 FIG. 3. Perspective view of the corner angle B for 
the equilateral triangle. 

0016 FIG. 4. Planar 2D graph showing the electric field 
produced by three line charges on the corners of the trian 
gular hull. 

0017 FIG. 5. Perspective view of electric field produced 
by the linear charge interacting with the traveling electro 
magnetic wave produced by the slot antenna. 

0018 FIG. 6. 3D vector animation of the lift and thrust 
force generated by the fields. 

0.019 FIG. 7. Perspective view of slot antenna. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0020 Referring to FIG. 7, the antenna (A) is made out of 
sheet copper in which a rectangular horizontal slot (B) has 
been notched out using a die press and sheet metal fixture. 
A coaxial cable from the amplifier and frequency generator 
is attached across the slot by soldering the outer cable (D) to 
one side of the slot and the inner cable (E) to the other side 
of the slot. This creates the positive and negative charges 
across the gap which forms the vertical electric field (F) 
which radiates out perpendicularly to the copper sheet. 
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0021 Although the invention has been described with 
reference to specific embodiments, such as a particular 
antenna system, those skilled in the art will appreciate that 
many modifications and variations are possible without 
departing from the teachings of the invention. All Such 
modifications and variations are intended to be encompassed 
within the scope of the following claims. 

1. A spacecraft comprised of the following components: 
(a) a triangular hull in the form of an equilateral triangle; 
(b) two copper plates attached on opposite vertical sides 

at each of the three corners of the hull (1a) such that a 
sharp vertical edge is formed where they come 
together; 

(c) an electrostatic generator used to charge the back two 
copper-cladded corners (1b) to a high positive Voltage, 
and the third forward copper-cladded corner to a high 
negative Voltage; 
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(d) a horizontal slot antenna array mounted-on the sides of 
the hull; and 

(e) a frequency generator, antenna and coaxial cables to 
drive the antenna array (1 d). 

2. To create, by claims (1a, 1b, 1c), an intense vertical line 
charge at the corners (1b) and a horizontal electric field that 
that is parallel to the sides of the hull (1a); 

3. To create, by claims (1d.1e), an electromagnetic wave 
with a vertically polarized electric field traveling outward 
from the side of the hull (1a); and 

4. To create, by claims (2.3), an interaction of the elec 
trostatic field (2) with the electromagnetic wave (3) such that 
a combined spacetime curvature pressure is generated on the 
hull in the upward and forward direction to produce lift and 
propulsion respectively. 
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Figure 6 
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PHOTON SPACECRAFT 

BRIEF SUMMARY OF THE INVENTION 

0001. This invention is a spacecraft propulsion system 
that employs photon particles to generate a field of negative 
energy in order to produce lift on the hull. 

BACKGROUND OF THE INVENTION 

0002 Referring to FIG. 1, an electromagnetic wave 
traveling in the z-direction consists of an electric E field 
vibrating in the X-direction and a magnetic flux density B 
field vibrating at right angles in the horizontal y-direction. 
The energy-stress-momentum of this photon can be ana 
lyzed using Einstein's General Theory of Relativity and the 
Faraday F tensor. The Faraday tensor is a 4x4 matrix 
containing the electromagnetic wave components as shown 
here in general where c is the speed of light 

E Ey E. 0 - - - - - - 
C C C 

E 
O B. -B, F - *| 

f3 y Ey 
- - B O B, 

3. C 
E. 

B, -B, 0 

For this particular photon, this tensor is 

E. 0 - - 0 0 
C 

x E. 

P = | 0 0-B, 
O) () () () 

2. 

O By () () 

0003. The elemental spacetime length ds squared is equal 
to Sum of the squares of the Cartesian elemental lengths 

The coefficients of this equation, {-1,1,1,1} are the diagonal 
components of the g metric tensor 

it - 1 O O O 

0 1 0 O 

$of y o 0 1 0 
3 O 0 0 1 

The stress-energy-momentum tensor T can then be calcu 
lated for the photon using the Faraday tensor and the g 
metric tensor in the following equation from gravitation 
physics 

1 
4T = FIF:- "Fare 
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The stress-energy-momentum tensor indicates the curvature 
of space due to the application of electromagnetic fields, 
mass, angular momentum and charge. The mass of the Earth, 
for example, generates a negative curvature of spacetime 
such that objects fall toward the mass. The T tensor, which 
is also a 4x4 matrix, contains the momentum or flux terms 
in the first row and first column. The normal pressure stress 
is located along the diagonal. The shearing stresses are 
located off the diagonal. The energy term is in the upper left 
corner as depicted here, 

energy flux, flux, flux, 
Thiv x - flux, pressure, Shearly Shear, 
Ty- flux, shear pressure, sheary. 

3-flux, shear. Shear pressure, 

0004 Since B-E/c, the stress-energy-momentum ten 
sor for the photon is therefore 

it 2 c2 

x 0 00 0 
T = | O y 

z - E. +E? 
c2 O O c2 

This remarkable result shows that the photon is actually a 
negative energy particle (top left corner) which is pushed 
along by a positive pressure wave (lower right corner). The 
particle has a positive flux (upper right corner) in the 
Z-direction, as well as a balancing negative flux in the lower 
left corner so that the overall momentum of the universe 
remains the same. All four components cancel and we see 
the photon as a massless particle moving at the speed of 
light. 
0005 Thus the key idea behind this invention is that it is 
possible to cancel out the pressure term and leave a station 
ary vibrating electromagnetic field of negative energy over 
the hull of the spacecraft. The importance of negative energy 
is that it is a prerequisite to generating wormholes between 
space and hyperspace. 
0006 Hyperspace consists of the those co-dimensions 
which have different physics constants such as a low speed 
of light. The existence of hyperspace, which has a white 
misty look, is not a well-known Scientific concept. Experi 
ments with our magnetic Vortex wormhole generators, 
hyperspace torque generator, full body levitation using Chi 
Kung breathing, arm levitation by spinning the co-gravita 
tional K field, full body teleportation through hyperspace a 
distance of 100 meters using a pulsed gravitational wave, 
jumping into hyperspace, having a plate of toast enfold off 
the breakfast table and disappear into thin air, walking 
through walls and doors out-of-dimension, looking into 
other dimensions, remote viewing through Subspace to dis 
tances of 100,000 light years, and other electromagnetic 
experiments carried out by co-researchers, have shown us 
the reality and existence of hyperspace. 
0007 Referring to FIG. 2, the spacecraft consists of an 
upper (1) and lower (2) hull attached by ceramic insulators 
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to a circular ring (3). The ring provides Support and is 
attached to an outer sharp-edged rim which is electrostati 
cally charged to a potential -V. The purpose of the charged 
rim is to generate a radial electric E field around the vehicle. 
0008 Referring to FIG. 3, the radius of the ring (4) is 
equal to a. The distance from a point on the ring to the Z-axis 
is r. The potential on the Z-axis is therefore the charge 
divided by the distance, 

poiz = 

This potential is expanded as a series in terms of inverse 
radius r 

poizout = 1289 167 * 85 - 23 * 

The potential outside the ring can be written in terms of the 
Legendre polynomials P 

S +1 
Votit- X. () -- An Legendre Pn, Cos(0) 

where S is the number of terms in the expansion. By equating 
the known particular solution potzout on the Z-axis with the 
general Vout solution, the coefficients. An are found to be 

; 
A(1) = 0 

A(2) = i 
A(3) = 0 

which are substituted back into the Vout equation to get the 
potential outside the ring. 
0009 Referring to FIG. 4, the potential (dotted lines 6) 
looking at a slice through the ring (5) is shown together with 
the electric E field. The negative gradient of the potential is 
the electric field (7) shown by the direction of the arrows. 
The importance of this diagram is that the electric field 
points in the radial direction toward the negatively charged 
ring. The force on an electron is the electron charge times the 
electric field 

Because the electron charge is negative and the radial field 
points in the negative direction toward the ring, the force on 
the electron is positive. Thus the electron moves away from 
the ring in the positive radial direction. A 3-dimensional plot 
of the ring (8) and the electric field (9) is shown in FIG. 5. 
0010. The stress-energy-momentum generated by a radial 
electric field is calculated using the Faraday F tensor 
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O E () () 

|E, 000 x O) () () () 

O) () () () 

The g metric tensor has to be given in spherical coordinates 

O risin(0) 

where 0 is the angle from the vertical to the radius r. The 
stress tensor T" along the radial direction is 

which shows that the pressure is negative along the radial 
line equal to the square of the radial electric field divided by 
the square of the speed of light. Because the field is squared, 
it doesn’t matter that the electric field points in the negative 
direction. The square makes it positive, but the overall 
curvature pressure is negative. Thus this negative pressure 
cancels out the positive pressure propelling the photon 
along. The second key idea of the invention is how to 
generate this photon moving in the radial direction. 
0011. It has been known for a long time in physics that an 
electron moving in a circular path will emit photons in a 
process known by the German word Bremsstrahlung which 
is translated as “breaking radiation.” There are several types 
of radiation Such as classical Bremsstrahlung involving a 
charged particle making a collision with another charged or 
uncharged particle in which photons are emitted. The quan 
tum mechanical Bremsstrahlung involves the Sudden 
appearance or disappearance of a charged particle which 
also emits radiation. In space, having a field of wormholes 
in which the electrons are spiraling down into hyperspace 
would result in the emission of photons by the quantum 
mechanical method. Also, in the atmosphere, having colli 
sions with air molecules results in emission of photons in the 
classical way. 
0012. In order to get the electrons to spiral around and 
emit photons, a crossed electromagnetic field is used as 
shown by the following equation 

where the velocity v is in the positive radial direction due to 
the force of the electric field. The velocity crossed with a 
magnetic flux density B field in the 0-direction makes the 
electron move sideways back and forth in a wiggling 
motion. 

0013 Referring to FIG. 6, a direct current solenoid (10), 
represented by multiple current loops, running vertically 
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through the center of the hull, generates a magnetic field that 
curves around the outside of the hull, as shown by contour 
lines (12). The north pole (11) is at the bottom of the hull. 
A radial arrow (13) from the electrostatically-charged rim is 
perpendicular to the magnetic field lines. The cross product 
in the force equation becomes the electron radial velocity 
times the magnetic field V. B. 
0014) Referring to FIG. 7, the electric field is in the 
y-direction and the magnetic field is in the z-direction. The 
flat looping path in the x-direction is the motion of the 
electron. The electron, which has a negative charge, starts to 
move in the direction opposite to that of the electric field. In 
this particular diagram, the electron acquires a Velocity in 
the negative y-direction. Then a sideways force in the 
x-direction is produced due to the cross product of the 
Velocity with the magnetic field times the negative charge 

Depending on the magnitude of the Velocity, various size 
loops can be produced. 
0015. In terms of the hull coordinates, because the flat 
loop is in the plane of the electric field which points in the 
radial direction, the electron emits light in the radial direc 
tion. This condition means that the negative radial pressure 
created by the electric field cancels the radial pressure of the 
photon. Thus the photon becomes a stationary vibrating 
quantum of negative energy. This has the appearance of a 
luminescent light source. The stress tensor for this condition 
is therefore 

E2 E2 
– 0 0 is 
0 0 O O E2 

T. 0 0 O O : - is residual negative energy 

E2 
–s O) () () 

0016 residual negative energy 
which leaves a residual negative energy per photon. 

0017 Referring to FIG. 8, the negatively charged rim 
(14) produces a radial electric field (16) that crosses the 
magnetic B field (15) of the solenoid. Electrons emitted by 
the charged rim then encounter this crossed field which 
makes them spiral (17) around the hull. Because of the tight 
loop, the electron emits Bremsstahlung radiation in the 
radial direction (18). The positive pressure field of the 
photon, which is directed in the radial direction, is canceled 
by the negative pressure field (19) created by the electric 
field. Because the photon energy is negative, a stationary 
vibrating electromagnetic quantum of negative energy (20) 
surrounds the hull. 

0018. This negative energy and the pressure stress cre 
ated by the electromagnetic fields open up wormholes 
between space and hyperspace. The potential head is posi 
tive from hyperspace into space because the energy of 
hyperspace is more positive than the negative energy field. 
The low-density hyperspace energy fills the hull and its 
Surrounding space with a white misty hyperspace energy 
which makes the spacecraft lighter in mass, and therefore 
lighter in weight within a gravitational field. The actual 

Jul. 6, 2006 

physics is more complicated still because the electrons find 
that the resistance of hyperspace is lower than the resistance 
of space. Thus they spiral down the wormholes which results 
in a Sudden disappearance of charge. The quantum mechani 
cal effect of this is to radiate even more photons which in 
turn produce even more negative energy. 
0019. The lift on the hull is generated by the radial 
electric field. In cylindrical coordinates, the g metric tensor 
is 

O 

Using this metric tensor, the pressure stress in the vertical 
direction T5 is 

which is a positive curvature over the hull. The mass of 
Earth produces a negative curvature in which objects fall 
toward the mass. By counteracting this negative curvature 
with a more than positive curvature, lift is developed on the 
spacecraft. Because the negative energy lowers the effective 
mass of the vehicle, the acceleration is large with a modest 
electric field. Moreover, in our dimension, the speed of light 
is 2997.92458 meters per second. Hyperspace energy has a 
speed of light equal to one meter per second. Thus the stress 
is amplified by a factor of 

A = (on/ 
2 

- o. 1 in 16 1m/S as 9.10 

Because electromagnetic fields are relativistic, motion in a 
low-velocity-of-light energy field amplifies their strength. 

SUMMARY OF THE INVENTION 

0020. It is the object of this invention to create a space 
craft propulsion system that produces wormholes between 
space and hyperspace using negative energy in order to 
generate lift on the hull. It was discovered in the Riemannian 
curvature calculations of gravitation physics that negative 
energy is required to keep open the throat of the wormhole. 
From experiments with the magnetic Vortex wormhole gen 
erator, it is known that the proper combination of electro 
magnetic fields, together with this negative energy, can 
create a wormhole through which smoke can be blown into 
hyperspace. 

0021 Referring to FIG. 9, the directions of force, veloc 
ity, and electromagnetic fields are referred to in the cylin 
drical coordinate system {r,0,z). An electrostatically 
charged sharp-edged ring in the 0-direction around the hull 
of the spacecraft produces a radial electric field. A vertical 
solenoid in the z-direction through the center of the hull 
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produces a magnetic field which is perpendicular at the rim 
to the electric field. With the current in the solenoid flowing 
in the clockwise (-0) direction, using the right-hand rule, the 
magnetic field points in the upward Z-direction outside the 
rim. Because the rim is charged to a negative Voltage, the 
electric field points toward the hull in the negative radial (-r) 
direction. Electrons emitted by the rim travel outward (+V) 
because the charge on the electron is negative which, 
together with the negative electric field, produces a positive 
radial force. The radial force on the electron causes it to 
acquire a Velocity which interacts with the magnetic field. 
The cross product of the velocity (+V) with the positive (+B) 
magnetic field produces a sideways force on the electron in 
the negative 0-direction. However, because the charge on the 
electron is negative, the force is 

which is positive in the 0-direction. It is this sideways force 
that produces a flat spiraling or looping motion whereby the 
electron emits photons, known in German as Bremsstahlung 
radiation, in the radial direction. The photon, which is 
actually a quantum of negative energy, has a positive radial 
pressure which propels it along. Because the radial electric 
field produces a negative pressure in the radial direction, the 
two opposite fields cancel in the radial direction to form a 
residual stationary vibrating negative energy. Thus the hull 
becomes Surrounded by negative energy which, together 
with the pressure stresses created by the electric field, 
generates wormholes between space and hyperspace. 

0022. The gravitational potential between hyperspace 
and space is positive because the hyperspace energy is more 
positive than the negative energy around the hull. Thus the 
low-density, low-speed-of-light hyperspace energy flows 
through the wormhole and fills the hull. This has the effect 
of reducing the effective mass of the hull. Because the 
electric field generates a positive pressure over the hull in the 
vertical z-direction, there is an upward force on the vehicle 
due to the pressure times the hull area. Since the vehicle has 
a low mass, there is a modest upward acceleration on the 
spacecraft equal to the force divided by mass. 

A BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1. Perspective view of an electromagnetic 
WaV. 

0024 FIG. 2. Perspective view of spacecraft. 
0025 FIG. 3. Perspective view of charged ring. 

0026 FIG. 4. Planar plot of the radial electric field 
produced by charged ring. 

0027 FIG. 5. Perspective view of radial electric field 
around ring. 

0028 FIG. 6. Planar view of magnetic flux density field 
contour lines. 

0029 FIG. 7. Perspective view of electron motion in 
crossed electric and magnetic fields. 
0030 FIG.8. Perspective view of production of negative 
energy around hull. 
0031 FIG. 9. Perspective view of cylindrical coordinate 
system {r,0,z). 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0032 1. The hull is made from a single sheet of alumi 
num which has been stretched to its yield point by 
hydraulic cylinders. An upper and lower die is CNC 
machined to the profile of the hull. The soft sheet is then 
clamped in the die where it takes on the smooth shape of 
the hull without any wrinkles. The hull is extremely rigid 
after forming and does not require any structural rein 
forcements. 

0033 2. A section of the aluminum ring is made in a 3D 
computer graphics program. The model is stored as a 
stereolithography file (*.stl). The computer model is then 
sent via Internet e-mail to the stl server who prints the part 
in an ultraviolet light-cured polymer. The part is returned 
the next day by Express Mail. Using a rubber blanket 
mold to create several ring sections, the entire ring is 
assembled together in another wooden mold box having 
thin circular laminate-coated particulate wall boards on 
either side of the ring. Then a liquid rubber mold is poured 
on top of the ring and allowed to harden overnight at room 
temperature. Since the rubber mold is flexible, the ring 
can be extracted fairly easily. This ring model is then sent 
to the foundry where it is cast in aluminum using the lost 
wax process in which a wax mold evaporates out of the 
sand casting. We are also experimenting with non-mag 
netic copper casting metals containing beryllium having 
good conductivity. 

0034 3. A 11.5 cm plastic pipe is mounted on a rotating 
fixture driven slowly by a microcontoller, stepper motor, 
and power electronics board. Using a large diameter 
insulated wire, such as a 17 AWG with a wire diameter of 
0.127 cm, the wire is wound slowly on the pipe and 
expoxied so that the windings don't come loose. The 
solenoid is then mounted vertically in the hull supported 
by the Support ring and driven by a current generator 
located nearby on the test rig. 

0035 4. The ring is driven by a high voltage electrostatic 
generator similar to the night vision scope high Voltage 
power Supplies. The ring charge is isolated from the hull 
by ceramic insulators. 

I claim: 
1. A spacecraft propulsion system comprising the com 

ponents: 

an aluminum horizontal circular structural Support ring; 
an aluminum hull in the shape of a high dome on top and 

shallow dome on the bottom attached to the circular 
Support ring using ceramic insulators; 

an electrostatically negatively-charged sharp-edged circu 
lar ring, preferably of non-magnetic aluminum or cop 
per, attached with ceramic insulators to the outside of 
the Support ring; 

a solenoid mounted through the center of the hull in the 
vertical direction and attached to the center of the 
Support ring: 

an electrostatic high-voltage generator to drive the outer 
electrostatic ring; and 

a direct high-current generator to drive the Solenoid. 
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2. The method of claim 1, wherein a negative radial 
electric field is generated around the hull by placing a 
negative potential on the sharp-edged electrostatic ring using 
the electrostatic generator. 

3. The method of claim 1, wherein the current-driven 
Solenoid generates a vertical magnetic field around the hull 
with the north pole of the solenoid facing down through the 
bottom of the hull which causes the magnetic flux density 
field to point up outside the rim. 

4. The method of claim 1, wherein electrons are emitted 
radially by the sharp edge of the charged ring. 

5. The methods of claims 2, 3 and 4, wherein the crossed 
electromagnetic fields cause the electrons to spiral around in 
flat loops during which photons are emitted in the radial 
direction. 

6. The methods of claims 2 and 5, wherein the negative 
radial pressure created by the electric field cancels the 
positive radial pressure of the photon to leave a residual 
quantum of negative energy per photon around the hull. 

7. The methods of claims 2 and 6, wherein the pressure 
stress created by the electric field, and the negative energy 
combine to form wormholes between space and hyperspace. 
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8. The method of claim 7, wherein low-density hyper 
space energy of a higher gravitational potential flows 
through the wormholes to fill the hull and Surrounding space 
around the hull with the effect of reducing the effective mass 
of the spacecraft. 

9. The method of claim 2, wherein the electric field 
generates a positive pressure in the vertical direction over 
the hull which together with the hull surface area, generates 
an upward lift force on the hull. 

10. The method of claim 6, wherein the negative energy, 
having a low light speed, amplifies the strength of the 
electromagnetic fields and pressure stress fields. 

11. The methods of claims 4 and 7, wherein the electrons 
spiral down the low resistance wormholes into hyperspace 
Such as to create a Sudden disappearance of electrical charge 
which quantum mechanically causes a large emission of 
additional photons. 
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of the invention, are pointed out with particularity in 
the claims annexed to and forming a part of the present 
specification. For a better understanding of the inven 
tion, its advantages and specific objects allied with its 
use, reference should be made to the accompanying 
drawings and descriptive matter in which there is illus 
trated and described a preferred embodiment of the 
invention. 

In the drawings: 
FIG. 1 shows an overall view of equipment constructed 

in accordance with the principles of the present inven 
tion, including means to demonstrate the effect of a 
time-variant kinemassic force field; 
FIG. 2 is an isolation schematic of apparatus com 

ponents comprising the time-variant kinemassic field cir 
cuit of FIG. 1; 

FIGS. 3, 3A, 3B, 4 and 5 show the details of con 
struction of the generator and detector assemblies of 
FIGS. 1 and 2: 
FIG. 6 represents measured changes in operating char 

acteristics of the apparatus of FIGS. 1 and 2 demon 
strating the time-variant nature of the kinemassic force 
field so produced; and 

FIGS. 7, 7A and 7B are sectioned views of various 
embodiments of the present invention for demonstrating 
the time-variant nature of the kinemassic force field 
as used in establishing a secondary gravitational corn 
ponent. 

Before getting into a detailed discussion of the appa 
ratus and the steps involved in the practice of the present 
invention, it should be helpful to an understanding if 
the present invention of consideration is first given to 
certain defining characteristics thereof, many of which 
bear an analogous relationship to electromagnetic field 
theory. 
A first feature is that the kinemassic field is vectorial 

in nature. The direction of the field vector is a function 
of the geometry in which the relative motion between 
mass particles takes place. 
The second significant property of the kinemassic field 

relates the field strength to the nature of the material 
in the field. This property may be thought of as the 
kinemassic permeability by analogy to the concept of 
permeability in magnetic field theory. The field strength 
is apparently a function of the density of the spin nuclei 
material comprising the field circuit members. Whereas 
the permeability in magnetic field theory is a function of 
the density of unpaired electrons, the kinemassic perme 
ability is a function of the density of spin nuclei and 
the measure of magnitude of their half integral Spin 
values. As a consequence of this latter property, the field 
may be directed and confined by interposing into it denser 
portions of desired configuration. For example, the field 
may be in large measure confined to a closed loop of 
dense material starting and terminating adjacent a System 
wherein relative motion between masses is occurring. 
A further property of the kinemassic force field relates 

field strength to the relative spacing between two masses 
in relative motion with respect to one another. Thus, 
the strength of the resultant field is a function of the 
proximity of the relatively moving bodies such that rela 
tive motion occurring between two masses which are 
closely adjacent will result in the generation of a field 
stronger than that created when the same two relatively 
moving bodies are spaced farther apart. 
As mentioned above, a material consideration in gen 

erating the kinemassic force field concerns the use of 
spin nuclei material. By spin nuclei material is meant 
materials in nature which exhibit a nuclear external angu 
lar momentum. This includes both the intrinsic spin of 
the unpaired nucleon as well as that due to the orbital 
motion of these nucleons. 

Since the dynamic interaction field arising through 
gravitational coupling is a function of both the mass and 
proximity of two relatively moving bodies, then the 
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4. 
resultant force field is predictably maximized within the 
nucleus of an atom due to the relatively high densities 
of the nucleons plus the fact that the nucleons possess 
both intrinsic and orbital components of angular momen 
tum. Such force fields may in fact account for a sig 
nificant portion of the nuclear binding force found in 
all of nature. 

It has been found that for certain materials, namely 
those characterized by a half integral spin value, the 
external component of angular momentum thereof will 
be accompanied by a force due to the dynamic interaction 
of the nucleons. 
This is the so-called kinemassic force which on a sub 

macroscopic basis exhibits itself as a field dipole moment 
aligned with the external angular momentum vector. 
These moments are of sufficient magnitude that they 
interact with adjacent, or near adjacent, spin nuclei field 
dipole moments of neighboring atoms. 

This latter feature gives rise to a further analogy to 
electromagnetic field theory in that the interaction of adja 
cent spin nuclei field dipole moments gives rise to nuclear 
domain-like structures within matter containing a suffi 
cient portion of spin nuclei material. 
Although certain analogies exist between the kinemas 

sic force field and electromagnetic field theory, it should 
be remembered that the kinemassic force is essentially 
non-responsive to or affected by electromagnetic force 
phenomena. This latter condition further substantiates 
the ability of the kinemassic field to penetrate through 
and extend outward beyond the ambient electromagnetic 
field established by the moving electrons in the atomic 
Structure surrounding the respective spin nuclei. 
AS in electromagnetic field theory, in an unpolarized 

sample the external components of angular momentum of 
the nuclei to be subjected to a kinemassic force field are 
originally randomly oriented such that the material ex 
hibits no residual kinemassic field of its own. However, 
establishing the necessary criteria for such a force field 
effects a polarization of the spin components of adjacent 
nuclei in a preferred direction thereby resulting in a force 
field which may be represented in terms of kinemassic 
field flux lines normal to the direction of spin. 
The fact that spin nuclei material exhibits external 

kinemassic forces suggests that these forces should exhibit 
themselves on a macroscopic basis and thus be detectable, 
When arranged in a manner similar to that for demon 
Strating the Barnett effect when dealing with electro 
magnetic phenomena. 

In the Barnett effect a long iron cylinder, when rotated 
at high Speed about its longitudinal axis, was found to 
develop a measurable component of magnetization, the 
value of which was found to be proportional to the angu 
lar speed. The effect was attributed to the influence of 
the impressed rotation upon the revolving electronic sys 
tems due to the mass property of the unpaired electrons 
within the atoms. 

In an apparatus constructed in accordance with the 
foregoing principles it was found that a rotating member 
Such as a wheel composed of spin nuclei material exhibits 
a kinemassic force field. The interaction of the spin nuclei 
angular momentum with inertial space causes the spin 
nuclei axes of the respective nuclei of the material being 
Spun to tend to reorient parallel with the axis of the ro 
tating member. This results in the nuclear polarization 
of the Spin nuclei material. With sufficient polarization, 
an appreciable field of Summed dipole moments emanates 
from the wheel rim flange surfaces to form a secondary 
dynamic interaction with the dipole moments of spin 
nuclei contained within the facing surface of a stationary 
body positioned immediately adjacent the rotating mem 
ber. 
When the Stationary body, composed of suitable spin 

nuclei material, is connected in spatial series with the 
rotating member, a circuitous form of kinemassic field 
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is created; the flux of which is primarily restricted to the 
field circuit. 

If now means are provided to periodically reverse the 
direction of rotation of the wheel with respect to the 
facing surfaces of the stationary body positioned in im 
mediate proximity thereto, then the resultant time-vary 
ing kinemassic field generates or induces an accompanying 
time-varying secondary gravitational field in the space 
immediately surrounding. That is to say, if the time 
varying kinemassic field is made to undulate typically 
sinusoidally, there will be induced an accompanying un 
dulating secondary gravitational field which is phase 
related to the kinemassic field. In this repsect the induced 
secondary gravitational field is generated in a manner 
analogous to electromagnetic induction theory. 
By properly configuring the undulating kinemassic field, 

the resultant secondary gravitational field may be es 
sentially restrained to or confined within an enclosed 
space. Although numerous specific geometric configura 
tions may be proposed, the necessary conditions are 
established in the preferred embodiment of the present 
invention by enclosing the kinemassic field generating 
apparatus, including the rotational members and at least 
a portion of the stationary member thereof, within an 
enclosure, the material portions of which obey the rules 
concerning kniemassic permeability. 
The kinemassic field when so configured, will shield the 

enclosed space both with respect to the secondary gravi 
tational field induced therein and with respect to the 
ambient gravitational field caused by the earth and other 
cosmic bodies, existing externally of the shielded space. 
The undulating kinemassic field, which gives rise to the 
enclosed secondary undulating gravitational field, is ef 
fective in reducing the quantity of fuX lines within the 
space surrounded by the undulating kinemassic field con 
tributed by the ambient gravitational field, thus reducing 
the mutual force of gravitational attraction acting be 
tween this structure and the earth or other cosmic bodies 
dependent upon their relative contribution to the local 
gravitational flux density. 

It is well known that nature opposes heterogeneous 
field flux densities. If the normal local flux density con 
tributed by the earth and the other cosmic bodies within 
the space occupied by and surrounded by the undulating 
kinemassic field permeable structure were added to by the 
forcibly enclosed flux of the induced secondary undulating 
gravitational field, this increased flux density would be 
in opposition to nature. Although the induced secondary 
undulating gravitational field would cause an undulating 
variation of the cosmic or primary gravitational field flux 
lines of force to penetrate within the kinemassic field 
permeable structure, if this undulation were sinusoidal, 
for example, the RMS or 0.707 value of peak reduction 
in mutual gravitational attraction would apply. 

Means for increasing the relative magnitude of the un 
dulating kinemassic field is effected by positioning a mass 
circuit within the induced secondary field space. The mass 
circuit in linking with the undulating kinemassic field 
circuit results in an increase in the kinemassic field and 
in the same sense effectively intensifies the primary gravi 
tational field shielding. A partial parallel can be found in 
electromagnetic field theory, where it is known that a 
shorted secondary turn enhances iron Saturation. 
The mass circuit located in the induced secondary field 

space need not be comprised of material having a Spin 
nuclei characteristic; rather, it is more important that 
this mass circuit have high mass density. A further desira 
ble characteristic of this mass circuit is that it have a 
capability for mass flow with respect to the undulating 
kinemassic field structure. Mercury has the desired com 
bination of properties and while other materials may be 
used, mercury is the most effective thus far known. 
As indicated above, the effective result of generating 

a secondary undulating gravitational field within the space 
enclosed by the undulating kinemassic field is a relative 
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6 
reduction in apparent weight of the kinemassic field per 
meable structure, with respect to its apparent weight with 
out such an undulating kinemassic field. The explanation 
of this phenomenon may be readily conceived as caused 
by the generation of a field force vector antiparallel in 
direction to the local gravitational field force vector. If 
the shielding is sufficiently effective to reduce the density 
of gravitational field flux lines within the shielded space 
to the equivalent of the ambient flux line density, there 
will be no net local distortion of the gravitational field 
flux line pattern in the space occupied by the kinemassic 
field permeable material or the space enclosed by the 
kinemassic field configuration. Without distortion of the 
local flux line pattern the two bodies cease to mutually 
attract and, in effect, become weightless, one with respect 
to the other. 

Although similar in result, the technique for effecting 
the state of weightlessness in the present invention differs 
from conventional apparatus for achieving such a state 
of weightlessness. The latter, in general, utilize the force 
of radial acceleration to effectively “balance' the gravita 
tional forces acting on a body. 
The relative magnitude of the undulating kinemassic 

force field and the kinemassic permeability characterizing 
the associated structure are both influential in determin 
ing the effective shielding of the kinemassic field permea 
ble structure. If the shielding is sufficiently effective so as 
to reduce the primary gravitational field flux line density 
within the enclosed space to less than that of the ambient, 
the distortion of the local gravitational field flux line pat 
tern of reduced flux density would result in the antiparal 
lel field force vector magnitudes exceeding that force of 
the kinemassic field body's initial weight, i.e., the effec 
tive weight of the kinemassic field permeable structure ab 
sent the generated undulating kinemassic field. This con 
dition would effectively endow the kinemassic field struc 
ture with a negative weight characteristic. As a conse 
quence, the two bodies, that is the kinemassic field body 
and the earth or other cosmic body, would experience 
relative motion separating one another along the local 
primary gravitational field flux lines unless acted upon by 
other forces. 
The hardware required to generate and sustain such an 

undulating kinemassic field is in part comprised of con 
ponents which continue to retain a “non-field-energized' 
weight during the period of field generation. Therefore, 
the ambient gravitational field flux line pattern within the 
structure will simultaneously experience zones of both 
reduced and increased densities. It is the average density 
of all the zones that determines the magnitude of the anti 
parallel field force vecor in its opposition to the ambient 
gravitational field force vector. Bodies located within the 
shielded space enclosed by the undulating kinemassic field 
will lose their weight with respect to the body earth in 
direct proportion to the reduction of ambient gravitalional 
field flux lines which are common to it and the body earth. 
As a consequence of the above, the shielding which re 

Sults in a reduction of mutual attraction between bodies 
screened by the shielding effected by the undulating kine 
massic force field does not violate the principle of equiv 
alence. Thus, two free bodies of different masses, located 
within the shielded space, will fall within this space to 
ward or away from earth with equal accelerations. Also, 
the force of mutual gravitational attraction of two or more 
bodies located within the shielded space will be unaffected 
by the various degrees of shielding although their free 
fall acceleration toward one another will be effected. 

Having now further defined the substantiating theory 
giving rise to the kinemassic forces operative in the pres 
ent invention, reference is now made to the aforemen 
tioned drawings depicting in general an apparatus em 
bodying the defining characteristics outlined above. 
From the foregoing discussion, it will be appreciated 

that both for the purpose of detecting the kinemassic field 
forces operative in the present invention, and for trans 
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forming such forces into energy for doing useful work, 
Several basic apparatus elements are necessary. First, ap 
paratus is needed to enable masses to be placed in rela 
tive motion to one another; which relative motion may 
occur in two mutually orthogonal directions. In order 
to maximize field strength the apparatus should be capa 
ble of generating high velocities between the particles in 
relative motion. Furthermore, the apparatus should be 
configured so that the proximity of the particles which are 
in relative motion is maximized. The necessity of using 
relatively dense material comprising half integral Spin 
nuclei for the field circuit portion of the apparatus has 
already been stressed. These and other features are dis 
cussed in greater detail below in explanation of the draw 
ings depicting an implementation of the invention. 

In considering the drawings, reference will first be 
made to the general arrangement of components shown 
in FIGS. 1 and 2. As viewed in FIG. 1, the equipment 
is mounted upon a stationary base comprising a horizontal 
structural element 11 which rests upon poured concrete, 
precast concrete pilings not shown, or other suitable struc 
turally rigid material. It should be made clear at the out 
set, that the stationary base although not a critical ele 
ment in its present form nevertheless serves an important 
function in the subject invention. Thus, the stationary 
base acts as a stabilized support member for mounting 
the equipment and, perhaps more significantly, the hori 
zontal portion thereof is of such material that it tends to 
localize the kinemassic force field to the kinemassic force 
field generating apparatus proper. This latter feature is 
discussed in more detail below. The surface uniformity of 
the horizontal structural element 11 also facilitates the 
alignment of equipment components. In the reduction to 
practice embodiment of the present invention a layer of 
shock absorbing material, not shown, was interposed be 
tween the stationary base and the floor. 
Shown mounted on the horizontal structural element 

11 is the kinemassic force field generating apparatus indi 
cated generally as 10, the lower portion of which is re 
ferred to as the lower mass member 12. The lower mass 
member 12 is not to be confusingly associated with the 
mass circuit mentioned above as being positioned in the 
space experiencing the secondary gravitational field. The 
nature and specific identity of the latter mentioned mass 
circuit will be more fully explained in connection with 
the explanation of FIG. 7. 
An upper mass member 13 is positioned in mirrored 

relationship with respect to member 12 and separated 
somewhat to provide two air gaps therebetween. The lower 
and upper mass members 12 and 13 function as field cir 
cuit members in relationship to a generator 14 and a de 
tector 15 positioned with respective one's of said two gaps. 
The spatial relationship of the generator 14, the detector 
15 and the mass members 12 and 13 is such as to form 
a kinemassic force field Series circuit. 

All of the material members of the field circuit are 
comprised of half integral spin material. For example, 
the major portion of the generator 14, the detector 15, 
as well as the upper and lower mass members 13 and 
12 are formed of a particular brass alloy containing 89% 
copper of which both isotopes provide a three-halves 
proton spin, 10% zinc, and 1% lead as well as traces of 
tin and nickel. The zinc possesses one spin nuclei isotope 
which is 4.11% in abundance and likewise the lead also 
contains one spin nuclei isotope which is 22.6% in abund 
ance. In order to gain an estimate of apparatus size, the 
upper mass member 13 has an overall length of 56 cen 
timeters and a mass of 43 kilograms. 

It will be seen that, by far, the constituents of the mass 
members are such as satify the criteria of half integral 
spin nuclei material for those apparatus parts associated 
with the field and the use of non-spin nuclei material for 
those parts where it is desired to inhibit the field. Ac 
cordingly, all support or structural members, such as the 
horizontal structural element 1 i, consist of Steel. The iron 
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and carbon nuclei of these structural members are classed 
as no-spin nuclei and thus represent high relative reluc 
tance to the kinemassic field. Supports 16 are provided to 
accommodate the suspension of the upper mass member 
13. The supports 16 are of steel the same as the horizontal 
support element 11. The high relative reluctance of steel 
to the kinemassic field minimizes the field flux loss cre 
ated in the field series circuit of mass members 2 and 
13, the generator 4 and the detector 5. The loss of field 
strength is further minimized by employing high-reluc 
tance isolation bridges at the point of contact between 
the lower and upper mass members i2 and 13, and the 
structural support members and ifs. 
Shunt losses within the apparatus are in general min 

imized by employing the technique of minimum maSS 
contact; the use of low field permeability material at 
the isolation bridges or structural connections; and avoid 
ing bulk mass proximity of non-field generating con 
ponents. 
A number of techniques were devolped for optimizing 

the isolation bridge units including carboloy cones and 
spherical spacers. As is depicted more clearly in FIGS. 
3, 4 and 5, the structural connection unit ultimately uti 
lized consisted of a hardened 60 Steel cone mounted 
within a set screw and bearing against a hardened Steel 
platen. The contact diameter of the cone against the 
platen measured approximately 0.007 inch and was loaded 
within elastic limits. Adjustment is made by means of 
turning the set screw within a mated, threaded hole. 
FiG. 2 is presented in rather diagrammatic form; how 

ever, the diagrammatic configuration emphasizes that it 
consists of a rotatable member corresponding to the gen 
erator 14 of FIG. 1 which is "sandwiched' between a 
pair of generally U-shaped members corresponding to the 
lower and upper mass members 12 and 13 of FIG. 1. 
The wheel of generator 14 is mounted for rotation about 
an axis lying in the plane of the drawing. The generator 
assembly is also shown as being mounted for rotation 
about an axis perpendicular to the plane of the drawing; 
however, the generator assembly may alternatively be ori 
ented to rotate in the plane of the drawing. When men 
ber 14 is rotated rapidly with respect to the U-shaped 
members 12 and 3, a kinemassic field is generated which 
is normal to the plane defined by the rotating member 
and within the plane of the drawing. As such, it may be 
represented in the drawing of FIG. 2, as taking a gen 
erally counter-clockwise direction with respect to the field 
series circuit members. 

Referring once more to FIG. 1, it is seen that Support 
for the generator unit 14 is provided by way of a Support 
assembly 17, also fabricated of steel components. The 
support assembly 17 is in turn clamped to the horizontal 
structural element 1 by way of bracket assemblies 18. 
The detector 15 is of similar configuration to the gen 

erator assembly 14, the exception being that the detector 
assembly is mounted for limited rotation about the axis 
normal to the plane of the paper. The limited rotational 
capability is effected by a knife-edge mounting 19 more 
clearly discernible in FIGS. 3A and 3B. As will become 
more readily apparent from the discussion of the opera 
tion of the embodiment of FIG. 1 which follows, the 
knife-edge mounting enables a slow sinusoidal oscilla 
tion of the detector assembly about its knife-edge axis. 
A pair of light-emitting and light-sensing elements 

20a and 20b respectively are shown in FIG. 1 in opera 
tive relationship to the generator and detector assemblies 
14 and 15. The function of the light-generating and-sens 
ing members 20a and 20b is to measure the rate of spin 
of the generator and detector wheels respectively. For 
this purpose every other quadrant on the rim Surface 
is painted black. Accordingly, light directed at the rim 
of the wheel will be reflected by the unpainted quadrants 
into light-sensing cells associated with a rate-sensing 
circuit of conventional design. Since the rate-measuring 
circuit forms no part of the present invention it has not 
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been depicted in the actual drawing nor is it the subject 
of further explanation. 

Compressed air or nitrogen is used to drive the gen 
erator and detector wheels. In this respect the com 
pressed gas is directed against turbine buckets 21b cut in 
the rim of the wheel 21 of both the generator and de 
tector assemblies and such buckets are more readily 
discernible in FIGS. 3, 4 and 5. The compressed gas is 
supplied to the generator and detector assemblies by 
way of air supply lines 28a and 28b. 

FIGS. 3, 4 and 5 present details of the generator and 
detector assemblies of FIGS. 1 and 2. In particular, 
these figures disclose the relationship between a freely 
rotatable wheel 21, a bearing frame 22, and a pair of 
pole pieces 23. The bearing frame 22 is of structural 
steel, and functions to spatially orient the three generator 
parts without shunting the generated field potential as 
well as to maintain this orientation against the force 
moment stresses of precession. 

Positioning of the generator wheel 21 with respect 
to the cooperative faces of the pole pieces 23 is effected 
by way of the bearing frame upon which the generator 
wheel is mounted. In this respect the high-reluctance 
isolation bridges mentioned with respect to FIGS. 1 and 
2 are herein shown as set screws 24 which are adjustably 
positioned to cooperate with hardened steel platens 25. 
The set screws 24 are mounted on the pole pieces 23 and 
are adjustably positioned with respect to steel platens 25 
cemented to the bearing frame 22 so as to facilitate the 
centering of the generator wheel 21 with respect to the 
interface surfaces 23a of the pole pieces 23. 

In the implementation of the present invention the 
air gap formed between the generator wheel rim flanges 
and the stationary pole pieces 23 was adjusted to a light 
rub relationship when the wheel was slowly rotated; 
as such this separation was calculated to be 0.001 centi 
meter for a wheel spin rate of 28,000 revolutions per 
minute due to the resulting hoop tension. In the drawing 
of FIG. 3 the spacing between the pole pieces 23 and the 
generator wheel rim flange has been greatly exaggerated 
to indicate that in fact such a spacing does exist. 
The generator wheel 21 utilized in the implementation 

of the present invention has a 8.60 centimeter diameter 
and an axial rim dimension of 1.88 centimeters. The rim 
flange surfaces 2ia which are those field emanating 
areas closely adjacent the surfaces 23a of the pole pieces 
23, are each 29.6 square centimeters. The rim portion of 
the wheel has a volume of 55.7 cubic centimeters 
neglecting the rim turbine slots 21b. 
The generator wheel 21 and an associated mounting 

shaft 26 are mounted on the bearing frame 22 by means 
of enclosed double sets of matched high speed bear 
ings 27. 

Shaft members 30 carry suitable bearing members 31 
for rotatably mounting the generator assembly will re 
spect to a second axis. The support assembly 17 of FIG. 
1 is partially represented in FIG. 3, and as noted above 
provides the mounting means for positioning the gen 
erator assembly 14 with respect to the lower and upper 
mass members 12 and 13. 

Reference is now made to FIGS. 3A and 3B which dis 
close a portion of the detector 15 of FIG. 1 including 
the knife-edge mounting 19 of FIG. 1. Adjusting means 
32 are shown connected to the bearing frame 22a of the 
detector assembly 15 by means of a disc-like member 
33. Attached to the lower portion of the disc 33, and de 
picted in the end view of the detector assembly of FIG. 
3B, is shown a second adjusting member 34, which in 
combination with equivalent members 32 and 34 mount 
ed on the other end of the detector assembly, provide 
means for symmetrically aligning the detector assembly 
within the gap provided by the lower and upper mass 
members 12 and 13. This further means that the knife 
edge assembly is mounted so that the knife-edge axis is 
coincident with the geometric axis of the detector assem 
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10 
bly. At the same time, the center of mass of the detector 
assembly is located below the geometric center of the 
detector assembly thereby providing a righting moment 
to the assembly due to the asymmetry of the mass center 
with respect to the knife-edge axis. The adjusting means 
32 is shown as bearing against the support assembly 17, 
thereby, in combination with the knife-edge mounting 
at either end of the detector assembly, providing an ef 
fective four point suspension for symmetrically position 
ing the detector assembly 15 within the end poles of the 
upper and lower mass members. 

In FIGS. 1, 2 and 3 the detector assembly 15 is shown 
in three different positions. As will become apparent 
from the discussion of the operation of the subject sys 
tem which follows, the facility to so reposition the de 
tector assembly is necessary to demonstrate its operative 
capabilities. Accordingly, the bearing frame 22a is rotat 
ably mounted with respect to the disc 33 by means of a 
bearing surface interfacing the frame 22a with the shaft 
35, the latter being affixed to the face of the disc 33. 

Proceeding now to an explanation of the operation of 
the embodiment of the invention thus far disclosed, it 
Will be appreciated that in accordance with the theory 
of operation of the present apparatus when the generator 
wheel is made to spin at rates upwards of 10 to 20 
thousand revolutions per minute, effective polarization 
of spin nuclei within the wheel structure gradually oc 
curs. This polarization gradually gives rise to domain 
like structures which continue to grow so as to extend 
their field dipole moment across the interface separating 
the rim 21 from the pole pieces 23. Secondary dynamic 
interaction of gravitational coupling increases the field 
flux lines around the kinemassic force generating assem 
bly, thus resulting in ever increasing total nuclear polari 
zation of half integral spin nuclei. 
The non-electromagnetic forces so generated within 

the Subject apparatus are primarily channeled through 
the high-kinemassic permeability material defining the 
Series field circuit of the apparatus. The fact that the high 
Speed rotatable wheels of both the generator and detector 
assemblies are capable of being positioned in a series 
aiding or series opposing relationship, facilitates the de 
termination of the effective influence of the energies gen 
erated in one on the other. 
The detector, when carefully balanced on its knife 

edges as shown in FIGS. 3A and 3B, exhibits an oscil 
lation period of 11 seconds. When the wheels are ener 
gized a stiffening action is induced due to the reaction 
of the compressed gas impingement against the wheel 
bucket 21b, since the jet nozzle is fixed with respect to 
the apparatus base. This results in a reduction of the 
oscillation period to approximately 6 seconds. A light 
image not shown is directed against the mirrored face 
of the knife-edge 9 and reflected onto a calibrated wall 
Screen. Measurements were taken with the apparatus so 
operative, which measurements established the oscillatory 
extremes of the reflected light beam for a pole-aligned 
relationship of the spinning generator and detector 
wheels. The results of one such set of measurements are 
recorded in FIG. 6. Therein, the x's and dots represent 
extremes in deviation while the larger circles represent 
the mean thereof. The mean was in turn used to estab 
lish a null line to be compared with a similar null line 
derived from poles-opposed orientation of the generator 
and detector wheels. As a result, a displacement from 
equilibrium of approximately 13 arc minutes is shown. 

In order to maximize the shift of the null line, the field 
circuit polar relationship of the generator and detector 
poles was reversed every 30 or 40 minutes from a rela 
tion of poles aligned, to poles opposed, to poles aligned. 
An average null shift of 26 arc minutes is indicated in 
FIG. 6. That the interaction between generator and detec 
tor was in fact accountable for the recorded results was 
demonstratively supported when the upper mass member 
was raised so as to create two air gaps one centimeter 
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in length respectively. Predictably, the disruption to the 
field circuit continuity resulted in the failure of the ap 
paratus to register a shift in the null lines upon reversal 
of the poles. 

Reference is now made to FIG. 7 which discloses an 
apparatus constructed in accordance with the principles 
of the present invention for generating a time-variant 
secondary gravitational field. This apparatus is a mere 
modification of the apparatus of FIGS. 1 and 2 wherein 
one detector assembly 15 has been removed and supple 
mentary means are provided to mechanically implement 
the rotation of the generator assembly 14 about the axis 
perpendicular to the plane of the paper. These supple 
mentary means are in the nature of an auxiliary motor 
36 having a drive pulley 38 adapted to spin the generator 
assembly 14 about an axis normal to the plane of the 
drawing and coincident with that of the shaft 30. The 
shaft 30 carries a pulley 40 which is driven by the motor 
and pulley assembly 36-38 by way of a conventional 
drive belt 42. The wheel 21 of the generator assembly 
14 is driven in the manner outlined above, namely by 
means of a source of compressed air not shown. 
The supporting assembly depicted in FIG. 7 in partially 

sectioned form as member 44, is in reality the equiv 
alent of the series mass circuit of FiGS. 1 and 2, inverted 
or turned inside out so as to form a shield for the kine 
massic field generating apparatus. Included as part of 
the supporting assembly is member 44A which is pro 
vided to position the generator assembly 14 in the dis 
continuity formed in the mass circuit. The kinemassic 
field generated within the apparatus of FIG. 7 upon 
energization of the wheel 2 is directed in an enveloping 
fashion about its generator, being confined in general 
to the shell. The cross sectional thickness of the shell 
along equipotential lines must be equal in order to en 
sure a homogeneous field within the structure. If now the 
spin rate of the wheel 21 is made to vary, or if the 
generator assembly 14 is made to rotate about the axis 
defined by the shaft 30, a time-variant secondary gravita 
tional field is induced in the toroidal space 46. 
The secondary gravitational field undulates in a sinus 

oidal manner with the undulating kinemassic field con 
fined to the series mass circuit. Since the kinemassic field 
in the dense mass circuit 44 has been restricted through 
permeability, into an enveloping shell about the gener 
ator 14, it follows that the induced undulating secondary 
gravitational field is likewise restricted primarily to the 
enclosure 46 as the flux lines of both fields must inter 
link. In accordance with analogous electromagnetic field 
theory, the kinemassic field flux lines and the secondary 
gravitational field flux lines interlink in such manner that, 
as the kinemassic field alternates, these interlinking loops 
decay and build up in alternate vector directions in 
proper phase relation. 
A hollow ring member 48 is positioned within the 

toroidal space 46 and supported thereby a series of fine 
steel wire spokes 50 secured to the ring and the outer 
portion of the inverted core housing 44 preferably along 
points of equipotential of the kinemassic field. Within the 
hollow ring 48 is contained a dense fluid such as mercury 
depicted in FIG. 7 generally as member 52. Alternatively, 
the ring-fluid combination may take the form of a single 
solid mass. In the latter event the mass circuit would be 
supported on bearings facilitating its rotation about an 
axis common to the axis of the generator wheel 21 in order 
to permit mass flow or rotation of the mass circuit under 
the influence of the alternating secondary gravitational 
field. The shielding effected by the design considerations of 
the toroidal shell 44 with respect to the primary gravita 
tional field reduces the inertial parameter of mass accelera 
tion within the toroidal space 46 in proportion to the am 
bient gravitational shielding effect. With reduced inertia 
there will be an appreciable rotational flow displacement 
of the mass circuit 48–52 for each half cycle of the in 
duced secondary gravitational field, thereby further 

10 

5 

20 

25 

30 

40 

5 5 

60 

70 

75 

2 
strengthening the coupling effected between the effective 
field forces i.e., the primary gravitational field, the kine 
massic field and the secondary gravitational field. 

Consider now that the apparatus of FIG. 7 is ener 
gized such that the wheel 21 spins about its axis creating 
a uniformly distributed kinemassic field throughout the 
entire field circuit referred to generally as that encom 
passed within the inverted core housing 44. As the gene 
rator assembly 14 is energized to rotate about the axis pass 
ing through shaft 30, a uniformly distributed alternating 
kinemassic field is established throughout the field circuit. 
The presence of the undulating kinemassic field pro 

duces a shielding effect within the inverted housing effec 
tively restricting the induced secondary gravitational field 
while at the same time tending to shield or force out the 
flux due to the ambient gravitational field. As the spin 
rates of the wheel and the generator assembly about their 
respective axes are increased, there results a stronger un 
dulating kinemassic force field of higher frequency. The 
spin rates may be so varied that a mean gravitatinal flux 
line density within the apparatus of FIG. 7 exists which 
is equivalent to the primary gravitational flux line density 
i.e., that due to the earth and other cosmic bodies. This 
condition establishes a state of weightlessness or Zero gra 
vitational force of attraction with respect to other masses 
such as earth, for that particular value of gravitational 
field gradient. 

If the spin rates of the wheel and the generator assembly 
are further increased there results a "bowing-out' or 
spreading of the gravitational flux lines within the imme 
diate proximity of the apparatus of FIG. 7 so as to result 
in a lesser local flux line density, thus resulting in the pro 
pulsion of the apparatus along the local gravitational field 
lines of force in a direction diametrically opposed to the 
local gravitational field force vector. 

Because of the nature of the interaction of the primary 
gravitational field, the secondary gravitational field and 
the kinemassic field, the secondary gravitational field 
forces will continue to act upon the apparatus as it passes 
into lesser gravitational field gradients; however, it will do 
so with diminishing magnitudes until the local gravitational 
flux line density about the apparatus of FIG. 7 is no longer 
effectively diminished thereby. The energy required to 
propel a vehicle powered by an engine, such as is described 
above, is accounted for by way of the gravitational field 
potential energy gained by such a vehicle as it passes to 
areas of lesser gravitational field intensities. Energy input 
into this engine would appear as the product of torque 
and rotational values about the spin axes of both the 
wheel and the generator assembly, and especially about the 
latter axis which is responsible for alternating the kine 
massic field and thereby generating the secondary gravi 
tational component. 
As was mentioned above in explanation of the em 

bodiment of FIGS. 1 and 2, the wheel 2 and the gene 
rator assembly 14 are mounted so as to be rotatable in 
mutually orthogonal directions. It was further mentioned 
that such orthogonal rotation is not an absolute necessity, 
it being only necessary that relative motion be established 
between the wheel 2 and the stationary pole pieces 23. 
The generator assembly is made to rotate thereby effect 
ing an undulation in the kinemassic field flux in the asso 
ciated mass circuit. FIG. 7A and 7B disclose a variation of 
the apparatus of FIG. 7 which satisfies the basic require 
ments outlined above while at the same time providing 
certain advantages not available in the aforementioned 
Structure. 

In this respect FIGS. 7A and 7B disclose an embodi 
ment wherein the spin axis of the equivalent wheel struc 
ture 21 and the generator assembly 14 are concentric 
thereby eliminating precessional forces present in the em 
bodiment of FIG. 7 due to the rotation of the respective 
members about the two mutually orthogonal axes. The 
absence of precessional forces permits a close tolerance to 
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be established between the cooperating faces of the wheel 
structure 21, the pole pieces 23 and the mass circuit 44. 
The embodiment of FIGS. 7A and 7B is also to be pre 

ferred to that of FIG. 7 in that the design of the generator 
assembly of the former permits the energization of the 
independently rotatable members 21 and 23 by means of a 
single motor 36 differentially geared so as to effect the 
rotation of the wheel 21 at a speed far in excess of that 
of the generator assembly, and as indicated, in a reverse 
direction thereto. 

Also indicated in the embodiment of FIGS. 7A and 
7B is the orientation of the flux within the mass circuit, 
the latter being constructed preferredly of bismuth. It 
should be understood that the direction of flux within the 
mass circuit reverses with each reverseal in orientation of 
the equivalent pole pieces 23 due to the rotation of the 
generator assembly 14. 

It will be apparent from the foregoing description that 
there has been provided an apparatus for generating time 
variant kinemassic forces due to the dynamic interaction 
of relatively moving bodies. Although in its disclosed ap 
plication, the time-variant kinemassic force has been de 
scribed in relation to its function of generating a second 
ary gravitational force, it should be readily apparent 
that other equally basic applications of these forces are 
contemplated. 

Thus, in addition to providing an effective propulsion 
technique, the principles of the present invention may be 
utilized for the purpose of generating localized areas of 
gravitational shielding for housing medical patients for 
which such weight reductions would be beneficial. In 
addition, the principles may be adapted to laboratory use, 
as for example the analysis of the effects of a sustained 
reduction of "g" value upon astronauts and for special 
ized manufacturing techniques. 
While in accordance with the provisions of the statutes 

there has been illustrated and described the best form 
of the invention known, it will be apparent to those skilled 
in the art that changes may be made in the apparatus 
described without departing from the spirit of the inven 
tion as set forth in the appended claims, and that in some 
cases, certain features of the invention may be used to 
advantage without a corresponding use of other features. 

Having now described the invention, what is claimed 
as new and for which it is desired to secure Letters 
Patent is: 

1. An apparatus for establishing a time-variant kine 
massic force field resulting from the relative motion 
of moving bodies, comprising a generator assembly in 
dependent portions of which are mounted to assume rela 
tive rotational motion about at least a single axis located 
within said generator assembly, a mass circuit of dense 
material of discontinuous configuration, means for posi 
tioning said generator assembly within said mass circuit 
discontinuity, and means for initiating independent rela 
tive rotational motion of said generator assembly portions 
whereby an undulating kinemassic force field is established 
within said mass circuit. 

2. Apparatus according to claim 1 further character 
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14 
ized in that said mass circuit and said relatively moving 
portions are comprised of spin nucleimaterial. 

3. An apparatus according to claim 1 wherein said mass 
circuit is further characterized by first and second U 
shaped members positioned in mirrored relationship with 
respect to each other and displaced somewhat so as to 
form two gaps therebetween, one of said gaps correspond 
ing to said mass circuit discontinuity and being adapted 
to receive said generator assembly and the other said gap 
being adapted to receive a detector assembly. 

4. Apparatus constructed in accordance with claim 1 
wherein said mass circuit is further characterized by a 
shell of generally toroidal configuration having a cylindri 
cal central portion within which is located said mass cir 
cuit discontinuity. 

5. An apparatus constructed in accordance with claim 
2 wherein said generator assembly mounted within said 
mass circuit discontinuity further comprises a rotatable 
member, a frame, means for mounting said rotatable 
member on said frame, pole pieces mounted on said 
frame on either side of said rotatable member, each pole 
piece presenting a generally circular face in close proxim 
ity to but spaced from a face of said rotatable member, 
means for effecting the rotation of said rotatable mem 
ber about a first axis, and means for rotating said frame 
about a second axis oriented perpendicular to said first 
aXIS. 

6. Apparatus constructed in accordance with claim 4 
and further characterized by a dense mass ring mounted 
within the walls of said shell structure by mounting means 
establishing small area contact between said mass ring 
and said shell structure. 

7. An apparatus constructed in accordance with claim 
6 wherein said dense mass ring is further comprised of 
a hollow shell housing a liquid metal of suitable density. 

8. Apparatus according to claim 6 wherein said dense 
mass ring has as its axis the axis of revolution defining 
the surface of said shell. 

9. Apparatus constructed according to claim 3 wherein 
said shell is further characterized as being of equal cross 
sectional area normal to the kinemassic field lines of force. 

10. A method of generating a time-variant kinemassic 
force field including the steps of: 

juxtaposing in field series relationship a first member 
comprised of spin nuclei material of half integral 
spin value and a second member similarly consti 
tuted, portions of said first member being adapted to 
assume relative rotational motion about at least a 
single axis; 

initiating the independent rotation of said first member 
about at least a single axis whereby an undulating 
kinemassic force field is established therein; 

and so configuring said second member as to confine 
said undulating kinemassic force field thereto where 
by a time-variant secondary gravitational force field 
is induced in the surrounding space. 

No references cited 
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Abstract
This paper reviews the development of antigravity research in the US and notes how research activity seemed to

disappear by the mid 1950s. It then addresses recently reported scientific findings and witness testimonies - that
show us that this research and technology is alive and well and very advanced. The revelations of findings in this
area will alter dramatically our 20th century view of physics and technology and must be considered in planning for
both energy and transportation needs in the 21st century.

Historical Background

Townsend Brown's Technology of Electrogravitics1

In the mid 1920's Townsend Brown2 discovered
that electric charge and gravitational mass are coupled.
He found that when he charged a capacitor to a high
voltage, it had a tendency to move toward its positive
pole. This became known as the Biefeld-Brown effect.
His findings were opposed by conventional minded
physicists of his time.

The Pearl Harbor Demonstration. Around 1953,
Brown conducted a demonstration for military top
brass. He flew a pair of 3-foot diameter discs around a
50-foot course tethered to a central pole. Energized
with 150,000 volts and emitting ions from their leading
edge, they attained speeds of several hundred miles per
hour. The subject was thereafter classified.

Project Winterhaven. Brown submitted a proposal
to the Pentagon for the development of a Mach 3 disc
shaped electrogravitic fighter craft. Drawings of its
basic design are shown in one of his patents. They are
essentially large-scale versions of his tethered test discs.

Review of Issues From the 1950s
Once Brown's findings became well known, some

scientists began to openly speak about the flying
technology of UFOs, which had been observed
extensively since the 1940s. None other than Professor

Hermann Oberth, considered by some to be one of the
fathers of the space age, who later worked in the US
with Wernher von Braun, the Army Ballistic Missile
Agency and NASA, stated the following in 1954:3

"It is my thesis that flying saucers are real and that
they are space ships from another solar system."
Perhaps of more interest to our present discussion on
propulsion, he then stated that: "They are flying by the
means of artificial fields of gravity... They produce
high-tension electric charges in order to push the air out
of their paths, so it does not start glowing, and strong
magnetic fields to influence the ionized air at higher
altitudes. First, this would explain their luminosity...
Secondly, it would explain the noiselessness of UFO
flight..." We now know that he was fundamentally
correct in his assessment.

In 1956, a British research company, Aviation
Studies (International) Ltd. published a classified report
on Electrogravitics Systems examining various aspects
of gravity control. They summarized the pioneering
work of Townsend Brown and then described the use of
electrogravitic thrust as follows:

"The essence of electrogravitics thrust is the use of
a very strong positive charge on one side of the vehicle
and a negative on the other. The core of the motor is a
condenser and the ability of the condenser to hold its
charge (the K-number) is the yardstick of performance.
With air as 1, current dielectrical materials can yield 6

Copyright © 2002 by Theodore C. Loder. Published by the American Institute of Aeronautics and
Astronautics, Inc. with permission. Presented at the 40th AIAA Aerospace Sciences Meeting and Exhibit, Reno
NV. Paper number AIAA-2022-1131.
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and use of barium aluminate can raise this considerably,
barium titanium oxide (a baked ceramic) can offer
6,000 and there is a promise of 30,000, which would be
sufficient for supersonic speed."4

In one of their conclusions, based on Brown's
work, they suggested that: "Electrostatic energy
sufficient to produce a Mach 3 fighter is possible with
mega volt energies and a k of over 10,000."5

In spite of Brown's solid research, they later stated
that, "One of the difficulties in 1954 and 1955 was to
get aviation to take electrogravitics seriously. The
name alone was enough to put people off."6 It seems
that is as true today as it was in the 1950s.

A report by another British company, Gravity
Rand, Ltd. in 1956, agrees with this assessment and
states: "To assert electrogravitics is nonsense is as
unreal as to say it is practically extant. Management
should be careful of men in their employ with a closed
mind or even partially closed mind on the subject."7

However, a trade press magazine, The Aviation
Report, made a numerous references to antigravity
projects and listed many of the companies pursuing
research in this area. Quotes from The Aviation Report
listed in the Aviation Studies (International) Ltd. report8

are suggestive of what was going on behind the scenes.
In 1954 they predicted that: "... progress has been

slow. But indications are now that the Pentagon is
ready to sponsor a range of devices to help further
knowledge."... "Tentative targets now being set
anticipate that the first disk should be complete before
1960 and it would take the whole of the 'sixties to
develop it properly, even though some combat things
might be available ten years from now." (Aviation
Report 12 October 1954)9

During this time period many of the major defense
and technology companies were cited as either having
research projects or activities in this new field. For
example: "Companies studying the implications of
gravities are said, in a new statement, to include Glenn
Martin, Convair, Sperry-Rand, and Sikorsky, Bell, Lear
Inc. and Clark Electronics. Other companies who have
previously evinced interest include Lockheed, Douglas
and Killer." (Aviation Report 9 December 1955)10.

Others of these reports mention: AT&T, General
Electric, as well as Curtiss-Wright, Boeing and North
American as having groups studying electrogravitics.

During the same time period, the Gravity Rand
report notes that: "Already companies are specializing
in evolution of particular components of an
electogravitics disk."11

However, in the area of predictions, the Aviation
Report stated the following based on an extrapolation of
technology development: "Thus this century will be
divided into two parts - almost to the day. The first
half belonged to the Wright Brothers who foresaw
nearly all the basic issues in which gravity was the

bitter foe. In part of the second half, gravity will be the
great provider. Electrical energy, rather irrelevant for
propulsion in the first half becomes a kind of catalyst to
motion in the second half of the century." (Aviation
Report 7 September 1954).n

Looking back it is easy to say that they missed the
mark. Did they really miss it by a half a century?
Reading through these reports it is quite obvious that
there was much interest in antigravity among a number
of very high profile companies, as well as in the
Department of Defense. What happened to this interest
and why was it all downplayed during the following
four plus decades? After all, T. Brown had shown that
there is a demonstrable connection between high
voltage fields and gravity. Why has it taken until the
1990s for more than just a few scientists to look at these
results and publish on them in the open literature? A
review of recent statements by former military
personnel and civilians connected to covert projects
begins to shed light on research activity in these areas
over the last half century. And it appears that there had
been significant breakthroughs during this time period,
well shielded from both the scientific and public eye.

Recent Scientific Developments
In this section we consider developments in the

antigravity field since the late 1980s and why the
confluence of scientific findings and the testimony of
witnesses associated with the military and covert
groups indicates that a gravity solution with
technological implications has been found.

Although general relativity has not been able to
explain Brown's electrogravitic observations, or any
other antigravity phenomenon, the recent physics
methodology of quantum electrodynamics (QED),
appears to offer the theoretical framework to explain
electrogravitic coupling. Recent papers by members of
the Institute for Advanced Study Alpha Foundation are
putting a solid theoretical foundation onto the
antigravity effects within the theory of electrodynamics
and include papers by Evans13 and Anastasozki et al.14

Earlier in a breakthrough paper in 1994, Alcubierre
showed that superluminal space travel is, in principle,
physically possible and will not violate the tenants of
the theory of relativity15. Puthoff16 later analyzed these
findings in light of the present SETI (Search for
Extraterrestrial Intelligence) paradigms that insist that
we could not be visited by extraterrestrial civilizations
because of the speed-of-light limitations dictated by the
general relativity theory. He suggests that super-
luminal travel is indeed possible. This leads to reduced-
time interstellar travel and the possibility of
extraterrestrial visitation, which our limited under-
standing of physics and scientific arrogance has
"forbidden" in some sectors for most of the 20th

century.

American Institute of Aeronautics and Astronautics
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The second aspect of these physics findings deals
with the zero point or vacuum state energy shown by
the Casimir effect, which predicts that two metal plates
close together attract each other due to imbalance in the
quantum fluctuations. The implications of this zero
point or vacuum state energy are tremendous and are
described in several papers by Puthoff17 starting during
the late 1980s. A detailed bibliography on this and
similar topics is available on the WWWeb.18 Bearden19

and colleagues have also written extensively on the
theoretical physics of zero point energy and
additionally have described various technological
means of extracting this energy (for example see the
recent paper by Anastasozki et al.20). A theoretical
book on zero point energy by Bearden will soon be
available.21 There is significant evidence that scientists
since Tesla have known about this energy, but that its
existence and potential use has been discouraged and
indeed suppressed over the past half century or more.22.

The coupling of the electrogravitic phenomena
observations and the zero point energy findings are
leading to a new understanding of both the nature of
matter and of gravity. This is just now being discussed
in scientific journals (though some evidence suggests
that it has been understood for decades within the black
project covert community). The question that is being
addressed is: what keeps the universe running? Or
more specifically, where do electrons get their energy
to keep spinning around atoms? As electrons change
state they absorb or release energy, and where does it
come from? The simplistic answer is that it is coming
from the vacuum state. Puthoff23 describes the process
as follows: "I discovered that you can consider the
electron as continually radiating away its energy as
predicted by classical theory, but SIMUL-
TANEOUSLY ABSORBING a COMPENSATING
AMOUNT of energy from the ever-present sea of zero-
point energy in which the atom is immersed. An
equilibrium between these two processes leads to the
correct values for the parameters that define the lowest
energy, or ground-state orbit (see "Why atoms don't
collapse," NEW SCIENTIST, July 1987). Thus there is
a DYNAMIC EQUILIBRIUM in which the zero-point
energy stabilizes the electron in a set ground-state orbit.
It seems that the very stability of matter itself appears to
depend on an underlying sea of electromagnetic zero-
point energy."

Furthermore, it appears that it is the spinning of
electrons that provides inertia and mass to atoms.
These theories, linking electron spin, zero point energy,
mass, and inertia have been presented in a number of
recent papers, such as those by Haisch24 and colleagues
and provide us with a possible explanation of the
Biefield-Brown effect. It appears that an intense
voltage field creates an electromagnetic barrier that
blocks the atomic structure of an atom from interacting

with the zero point field. This slows down the
electrons, reducing their gyroscopic effect, and thus
reducing atomic mass and inertia, making them easier
to move around.

Evidence of Extensive Anti gravity Technology

The B-2 Advanced Technology Bomber
In 1993, LaViolette wrote a paper25 discussing the

B-2 bomber and speculating on its probable antigravity
propulsion system, based on a solid understanding of
electrogravitics,26 the aircraft's design and the materials
used in its manufacture. It appears that the craft is
using a sophisticated form of the antigravity principles
first described by T. Brown. Support for this thesis
came from the Aviation Week and Space Technology
(March 9, 1992), which reported that the B-2 bomber
electrostatically charges its leading edge and its exhaust
stream. Their information had come from a small
group of former black project research scientists and
engineers suggesting the B-2 utilizes antigravity
technology. This information was supported by Bob
Oechsler, an ex-NASA mission specialist who had
publicly made a similar claim in 1990. These findings
support the contention that there have been major
developments in the area of antigravity propulsion
which are presently being applied in advanced aircraft.

LaViolette later states the obvious that "the
commercial airline industry could dramatically benefit
with this technology which would not only substantially
increase the miles per gallon fuel efficiency of jet
airliners, but would also permit high-speed flight that
would dramatically cut flight time."27

The Disclosure Project Witnesses
On May 9, 2001 a private organization, "The

Disclosure Project"28 held a press conference at the
National Press Club in Washington DC. They
presented nearly two dozen witnesses including retired
Army, Navy and Air Force personnel, a top FAA
official, members of various intelligence organizations
including the CIA and NRO, and industry personnel, all
of whom who had witnessed UFO events or had inside
knowledge of government or industrial activities in this
area. They also produced a briefing document29 for
members of the press and Congress and a book30 which
includes the testimony of nearly 70 such witnesses from
a pool of hundreds. Although they all spoke of the
reality of the UFO phenomena, many also spoke of
covert projects dealing with antigravity, zero point
energy technologies and development of alien
reproduction vehicles (ARVs) by US black project and
covert interests. The following excerpted quotes from
these witnesses support the above contentions.

Dan Morris31 is a retired Air Force career Master
Sergeant who was involved in the extraterrestrial
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projects for many years. After leaving the Air Force, he
was recruited into the super-secret National
Reconnaissance Organization (NRO), during which
time he worked specifically on extraterrestrial-
connected operations. He had a cosmic top-secret
clearance (38 levels above top secret) which, he states,
no U.S. president, to his knowledge, has ever held.

"UFOs are both extraterrestrial and man made.
Well, the guys that were doing the UFOs, they weren't
sleeping, and Townsend Brown was one of our guys
who was almost up with the Germans. So we had a
problem. We had to keep Townsend Brown - what he
was doing on anti-gravity electromagnetic propulsion
secret." He then describes a type of zero point energy
device.

"Well, if you have one of these units that's about
sixteen inches long and about eight inches high and
about ten inches wide, then you don't need to plug into
the local electric company. These devices burn
nothing. No pollution. It never wears out, because
there are no moving parts. What moves are electrons,
in the gravity field, in the electronic field, and they turn
in opposite directions, okay?"

"Dr. B."32 (name withheld since he still works in
this area) is a scientist and engineer who has worked on
top-secret projects almost all his life. Over the years he
has directly worked on or had involvement with such
projects involving anti-gravity, chemical warfare,
secure telemetry and communications, extremely high-
energy space based laser systems, and electromagnetic
pulse technology.

"Anti-gravity. As a matter of fact, I used to go out
to the Hughes in Malibu. They had a big think tank up
there. Big anti-gravity projects; I used to talk to them
out there. I'd give them ideas, because they bought all
my equipment. But the American public will never,
never hear about that." . .. "This flying disc has a little
plutonium reactor in it, which creates electricity, which
drives these anti-gravity plates. We also have the next
level of propulsion, it is called virtual field, which are
called hydrodynamic waves..."

Captain Bill Uhouse33 served 10 years in the
Marine Corps as a fighter pilot, and four years with the
Air Force at Wright-Patterson AFB as a civilian doing
flight-testing of exotic experimental aircraft. Later, for
the next 30 years, he worked for defense contractors as
an engineer of antigravity propulsion systems: on flight
simulators for exotic aircraft - and on actual flying
discs.

"I don't think any flying disc simulators went into
operation until the early 1960s - around 1962 or 1963.
The reason why I am saying this is because the
simulator wasn't actually functional until around 1958.
The simulator that they used was for the extraterrestrial
craft they had, which is a 30-meter one that crashed in
Kingman, Arizona, back in 1953 or 1952."

"We operated it with six large capacitors that were
charged with a million volts each, so there were six
million volts in those capacitors." . . . "There weren't
any windows. The only way we had any visibility at all
was done with cameras or video-type devices." . .
."Over the last 40 years or so, not counting the
simulators - I'm talking about actual craft - there are
probably two or three-dozen, and various sizes that we
built."

"A.H."34 formally of Boeing Aerospace, is a
person who has gained significant information from
inside the UFO extraterrestrial groups within our
government, military, and civilian companies. He has
friends at the NSA, CIA, NASA, JPL, ONI, NRO, Area
51, the Air Force, Northrup, Boeing, and others.

"Most of the craft operate on antigravity and
electrogravitic propulsion. We are just about at the
conclusion state right now regarding antigravity. I
would give it maybe about 15 years and we will have
cars that will levitate using this type of technology.
We're doing it up at Area 51 right now. That's some of
the stuff that my buddy worked on up at Area 51 with
Northrup, who lives now in Pahrump, Nevada. We're
flying anti-gravity vehicles up there and in Utah right
now..."

Lieutenant Colonel Williams35 entered the Air
Force in 1964 and became a rescue helicopter pilot in
Vietnam. He has an electrical engineering degree and
was in charge of all the construction projects for the
Military Air Command. During his time in the military
he knew that there was a facility inside of Norton Air
Force Base in California that no one was to know
about.

"There was one facility at Norton Air Force Base
that was close hold - not even the wing commander
there could know what was going on. During that time
period it was always rumored by the pilots that that was
a cover for in fact the location of one UFO craft."

Note that all he knew was of the rumor, however, it
is confirmed by the next testimony, which also
confirms some of the comments made by Captain
Uhouse.

Mark McCandlish36 is an accomplished aerospace
illustrator and has worked for many of the top
aerospace corporations in the United States. A
colleague, with whom he studied, has been inside a
facility at Norton Air Force Base, where he witnessed
alien reproduction vehicles, or ARVs, that were fully
operational and hovering. He states that the US not
only has operational antigravity propulsion devices, but
we have had them for many, many years, and they have
been developed through the study, in part, of
extraterrestrial vehicles over the past fifty years.

A close friend, Brad Sorensen, told him of visiting
The Big Hangar, during an air show at Norton Air
Force Base on November 12, 1988 and how he had
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seen flying saucers in this hangar. "There were three
flying saucers floating off the floor—no cables
suspended from the ceiling holding them up, no landing
gear underneath—just floating, hovering above the
floor. He said that the smallest was somewhat bell-
shaped. They were all identical in shape and
proportion, except that there were three different sizes.
They had little exhibits with a videotape running,
showing the smallest of the three vehicles sitting out in
the desert, presumably over a dry lakebed, some place
like Area 51. It showed this vehicle making three little
quick, hopping motions; then [it] accelerated straight up
and out of sight, completely disappearing from view in
just a couple of seconds—no sound, no sonic boom—
nothing."

"Well, this craft was what they called the Alien
Reproduction Vehicle; it was also nicknamed the Flux
Liner. This antigravity propulsion system—this flying
saucer—was one of three that were in this hangar at
Norton Air Force Base. [Its] synthetic vision system
[used] the same kind of technology as the gun slaving
system they have in the Apache helicopter: if [the pilot]
wants to look behind him, he can pick a view in that
direction, and the cameras slew in pairs. [The pilot] has
a little screen in front of his helmet, and it gives him an
alternating view. He [also] has a little set of glasses
that he wears—in fact, you can actually buy a 3-D
viewing system for your video camera now that does
this same thing—so when he looks around, he has a
perfect 3-D view of the outside, but no windows. So,
why do they have no windows? Well, it's probably
because the voltages that we're talking about [being]
used in this system were probably something between,
say, half a million and a million volts of electricity."
Brad Sorensen stated that at the ARV display, "a three
star general said that these vehicles were capable of
doing light speed or better."

All of these witness testimonies do not prove the
existence of a successful US covert program in
antigravity technologies. Only the demonstration of
such craft coupled with the accompanying government
and technical specification documents would 'prove'
this. However, these testimonies coupled with
information from other substantial sources such as Nick
Cook's new book mentioned below, strongly supports
this contention.

The Hunt for Zero Point37

Although this very recent book (August, 2001) is
not yet available in the US, it contains some of the
strongest evidence yet for major efforts and success in
the field of antigravity technology. The author, Nick
Cook, who for the past 15 years has been the Aviation
Editor and Aerospace Consultant for Jane's Defense
Weekly, spent the last 10 years collecting information
for the book. This included archival research on Nazi

Germany's antigravity technology and interviews with
top officials at NASA, the Pentagon and secret defense
installations. He shows that America has cracked the
gravity code and classified the information at the
highest security levels. Because antigravity and its
allied zero point energy technologies potentially offer
the world a future of unlimited, non-polluting energy it
has been suppressed because of the "huge economic
threat". His findings support those reported by many of
the Disclosure Project witnesses cited above.

Antigravity Technology Demonstrations
Although T. Brown reported many of his findings
nearly a half century ago, other experimenters have just
recently begun to reproduce his work and report it in
the open literature and on the WWWeb. For example,
Davenport38 published the results of his work in 1995
supporting the findings of T. Brown. More recently,
Transdimensional Technologies39 in the USA and J.
Naudin40 labs in France have posted on the WWWeb:
diagrams, web videos, and data on their versions of
antigravity "Lifters" based on an extension of Brown's
work. It is a sad commentary on this whole area of
research to see that public science is requiring us to
demonstrate principles that were demonstrated nearly
fifty years ago.

There have also been a number of other
demonstrations of "antigravity" phenomena by
researchers throughout the world. This includes the
work of Brazilian physics professor, Fran De Aquino,
and such devices as: the Searl Electrogravity Disc, the
Podkletnov Gravity Shield and Project Greenglow, the
Zinsser Kineto-baric Field Propulsion and the
Woodward Field Thrust Experiments on Piezoelectrics.
All of these are described in more detail by Greer and
Loder.41

Implications of This Research
• Antigravity and zero point energy research and

their applications are finally being addressed by some
of the open scientific community. This means there
will have to be a rewriting of textbooks in this area so
our new generation of students can apply this "new
knowledge." Its application will lead to major
breakthroughs in transportation technologies both
earthside and in outer space. The implications are that
we have the potential for human exploration of our
solar system and beyond, if we have the will, within our
lifetimes. It also means that the majority of 20th century
space technology will be obsolete and in fact may
already be so.

• The zero point or vacuum state energy source is
seen as a totally non-polluting energy source, which has
the potential to replace all the fossil fuels on this planet.
It also will provide the energy needed for long range
space flights. This means that fuel cells and solar cells
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in common use today for space flight energy
applications will only be needed until we transition to
these new energy technologies.

• Based on an analysis of trends in and gravity
research over the last half-century and the information
provided by numerous witnesses, it appears that there is
both good and bad news. The good news is that it
appears that we (at least covert projects) have already
developed the theories of antigravity, and additionally
have developed working spacecraft based on these
principles. The bad news is that these technologies
have been developed for at least several decades, at the
public's expense and that human kind has been
deprived of these technologies, while continuing to
waste energy using less efficient and pollution
enhancing technologies.

Supporting this contention is the following quote
from Ben Rich, former head of the Lockheed
Skunkworks. Just prior to his death, he stated to a
small group after a lecture that: "We already have the
means to travel among the stars, but these technologies
are locked up in black projects and it would take an act
of God to ever get them out to benefit humanity..." He
further went on to say that, 'anything you can imagine
we already know how to do/ Strong words from a
knowledgeable deep insider and words that support
what a number of the witnesses stated as well.

• As the reality of this knowledge begins to be
understood, there will be an outcry among space
scientists not on the inside for release of these
technologies to allow all of us to explore space. There
will be major changes in the way that NASA does its
business, though predicting these changes is difficult.

• Not only has space exploration in the public
sector suffered, but our planet's environment has
suffered as well. Thus as this knowledge begins to sink
in there will be an outcry among all concerned citizens
on this planet for release of these technologies to allow
all of us to reduce and ultimately eliminate global
warming and environmental pollution that so threatens
our way of life. These technologies will not only affect
space travel technologies, but will also have a profound
effect on transportation and energy production on the
earth's surface.

• In conclusion, we might consider the observation
made by Halton Arp42:

"We are certainly not at the end of science.
Most probably we are just at the beginning!"
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Abstract

A number of programs and concepts have been
proposed to achieve breakthrough propulsion. As an
cautionary aid to researchers in breakthrough
propulsion or other fields of advanced endeavor, case
histories of potential pitfalls in scientific research are
described. From these case histories some general
characteristics of erroneous science are presented.
Guidelines for assessing exotic propulsion systems are
suggested. The scientific method is discussed and some
tools for skeptical thinking are presented. Lessons
learned from a recent case of erroneous science are
listed.

Introduction

Over the past few years a number of speculative
propulsion/transportation ideas have been advanced
which, if they can be verified, promise to revolutionize
space transportation.1"4 In addition, a question has
been asked and some proposed answers given on the
possible propulsion system(s) for unidentified flying
objects (UFOs) or "flying saucers", if the existence of
UFOs is accepted.5'6 Researchers at the U.S. Air Force
(USAF) Phillips Laboratory have proposed research
into "... more advanced ideas ... [such as]...
fundamental physics concepts which require basic
research and/or substantial development to create some
sort of breakthrough. These include vacuum zero point
energy, energetic species (i.e. nuclear or electronic
metastables), ball lightning, and various 'breakthrough
physics' concepts. In addition, a number of new
emerging technologies and popular ideas will be
followed such as nanotechnology, above unity devices,
and cold fusion".7

Separately, NASA has recently initiated a
"breakthrough propulsion physics" program which "...
implies discovering fundamentally new ways to create
motion, presumably by manipulating inertia and gravity
or by harnessing other interactions of matter, fields and
space-time".8'9

Copyright © 1997 by Gary L. Bennett. Published by the
American Institute of Aeronautics and Astronautics, Inc., with
permission.
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Given the speculative proposals and the interest in
developing breakthrough propulsion systems it seems
prudent and appropriate to review some of the pitfalls
that have befallen other programs in "speculative
science" so that similar pitfalls can be avoided in the
future. And, given the interest in UFO propulsion,
some guidelines to use in assessing the reality of UFOs
will also be presented.

This paper will summarize some of the principal
areas of "speculative science" in which researchers
were led astray and it will then provide an overview of
guidelines which, if implemented, can greatly reduce
the occurrence of errors in research.

Some Case Histories of Errors in Science

This section will briefly describe several case
histories involving errors in science: (1) N rays; (2)
Davis and Barnes experiment; (3) polywater; (4)
infinite dilution; and (5) cold fusion.

NRays

In 1903, French physicist Rene'-Prosper Blondlot
claimed to have discovered that by heating a filament
inside an iron tube containing an aluminum-covered
opening one could see faintly illuminated objects better
in a darkened room. Some of his early experiments
were performed with pieces of paper which were barely
illuminated by a glowing calcium sulfide screen or a
lamp shining through pinholes. Since the heated
filament inside the iron tube improved the viewing,
Blondlot concluded that a new type of ray was being
produced, a ray which was stopped by the iron but not
by the aluminum. He called this new ray an "N ray" to
honor the University of Nancy, where he worked.10

Blondlot discovered that certain objects could be
made to store these N rays. For example, if a brick
was wrapped in black paper and exposed to sunlight it
would give off N rays when taken back into the
darkened laboratory. Blondlot noted that if the brick
was held close to one's head it made it easier to see the
paper in the darkened room. Holding the brick near the
paper had a similar effect10

1
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Blondlot reported that the N rays had some odd
effects. For example there was no improvement in the
effect of improved illumination if more than one brick
was used. Loud noises (such as someone entering the
laboratory) could spoil the effect. Heat increased the
effect but Blondlot said N rays were not the same as
heat Blondlot also claimed to have found negative N
rays, which he called N' rays that could nullify the
effect of the N rays. It was necessary to spend some
time in the darkened room to see the effect.10

Blondlot published a number of papers on N rays.
Other scientists also published papers with about half
confirming Blondlot's work.10

The American physicist R. W. Wood visited Blondlot
to witness some of the N ray experiments. Wood
watched as Blondlot used a large aluminum prism with
a 60° angle to measure the refractive index of the N
rays to two or three significant figures.10

When Wood questioned Blondlot as to how he could
measure the position of the beam to within 0.1 mm
when the slits in the Nemst filament were 2-mm wide,
Blondlot replied to the effect "That's one of the
fascinating things about the N rays. They don't follow
the ordinary laws of science that you ordinarily think

10of.

At Wood's request, Blondlot repeated the
experiments; however, unbeknownst to Blondlot in the
darkened room, Wood had removed the aluminum
prism. Blondlot got the same measurements! Wood
subsequently published this result, effectively ending
the era of the N rays.10

Later some German researchers investigated how
Blondlot had been deceived. They observed that in a
darkened room it is difficult to see the paper so one is
tempted to pass one's hand in front of the paper to see if
the paper is being illuminated. The interesting result
the German researchers found was that the hand could
be "observed" whether it was in front of the paper or
behind it. Langmuir has remarked that this "... is the
natural thing, because this is a threshold phenomenon.
And a threshold phenomenon means that you don't
know, you really don't know, whether you are seeing it
or not But if you have your hand there, well, of course,
you see your hand because you know your hand's there
and that's just enough to win you over to where you
know that you see it. But you know it just as well if the
paper happens to be in front of your hand instead of in
back of your hand, because you don't know where the
paper is but you do know where your hand is".10

The phenomenon of accepting a false belief and then
continuing to defend it in the face of information
showing the falsity of the belief is not new. In a
landmark study published in 1956 it was stated that "A
man with a conviction is a hard man to change. Tell
him you disagree and he turns away. Show him facts or
figures and he questions your sources. Appeal to logic
and he fails to see your point".11 As this study
demonstrated, showing someone unequivocal and
undeniable evidence that a person's belief is wrong
means "The individual will frequently emerge, not only
unshaken, but even more convinced of the truth of his
beliefs than ever before. Indeed, he may even show a
new fervor about convincing and converting other
people to his view".11

Davis and Barnes Experiment

Around 1930, two American physicists, Bergen
Davis and Arthur Barnes conducted a series of
experiments in which electrons from a hot filament
were accelerated to match the speed of alpha particles
being emitted from a polonium source. By carefully
adjusting the voltage used to accelerate the electrons the
experimenters claimed that they could cause the
electrons to be captured by the alpha particles. The
measurements were made in a darkened room by
counting the number of scintillations on a zinc sulfide
screen with a microscope. To save time, the
experiments were focused on the voltages where it was
calculated that the peaks should occur according to the
Bohr theory. Davis and Barnes claimed to be able to
achieve electron capture at each of the energy levels of
the Bohr theory of the helium atom with measured
accuracies of 0.01 volts.10

Irving Langmuir and Willis R. Whitney (then both at
the General Electric Research Laboratory in
Schenectady, New York) visited the Columbia
University laboratory of Davis and Barnes and
witnessed some of the experiments. They found that
Barnes was not counting for a fixed two minutes as
claimed and that he was ruling out some counts
arbitrarily. When Langmuir secretly had the technician
try a wider range of voltages Barnes got measurements
that no longer correlated with the Bohr energy levels.
Barnes had an ad hoc excuse for every criticism
Langmuir raised about the way the experiments were
being conducted.10

Langmuir, who was to earn the 1932 Nobel Prize in
chemistry, subsequently wrote Barnes a 22-page letter
giving Barnes all the data obtained by Whitney and
himself "... and showing really that the whole approach
to the thing was wrong; [Barnes] was counting
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hallucinations, which I find is common among people
who work with scintillations if they count for too long.
Bames counted for six hours a day and it never fatigued
him. Of course it didn't fatigue him, because it was all
made up out of his head".10 The next year Davis and
Barnes admitted in a short article in Physical Review
that they hadn't been able to reproduce the effect. They
noted that the scintillations they were measuring were a
threshold phenomenon.10

Polywater

In the 1960s and early 1970s reports from N. N.
Fedyakin of the Kostrama Poly technical Institute of the
former Soviet Union and Boris V. Derjaguin of the
Institute of Physical Chemistry of the Academy of
Sciences of the former Soviet Union claimed there was
a new form of water, later called polywater, that was
more dense and viscous than normal water. Polywater,
which was claimed to be formed in capillary tubes in an
atmosphere nearly saturated with water, reportedly
froze at -50 °C and boiled near 300 °C. Infrared
spectroscopy showed that polywater produced a
spectrum entirely different from normal water. Many
papers were published on polywater and several
theories were developed.12

As part of a study of polywater, Denis L. Rousseau
and Sergio Porto, then at the University of Southern
California, irradiated a sample of polywater with a laser
to obtain a Raman spectrum. The laser turned the
polywater into a black char, indicating that it"... was
no polymer of water but more likely a carbonaceous
material".12 Whenever negative results like these were
obtained, the proponents of polywater would always
claim that the samples giving the negative results were
contaminated but that their own samples, which showed
polywater, were clean. Rousseau later showed that one
could obtain the infrared spectrum for polywater from
ordinary human sweat. This showed "... that polywater
is not water at all but a product of organic
contamination in the capillary tubes".,,,12

Rousseau subsequently observed that "The polywater
episode illustrates the loss of objectivity that can
accompany the quest for great new discoveries. The
quantities of polywater available were so small that
many useful experiments could not be done. Many
theories were put forward to describe the structure of
polywater without even considering the thermodynamic
difficulty of accounting for its very existence. Finally,
definitive experiments showing high levels of
contamination were done but not accepted, until
overwhelming evidence showed that a new polymer of
water had not been discovered".12

Infinite Dilution

In 1988 Jacques Benveniste of the University of Paris
and his collaborators reported that water retained a
memory or template of a molecule even when there
should be no molecules present This phenomenon is
referred to as "infinite dilution" meaning that a
biological effect is produced even when the "...
biologically active solution is diluted so many times
that no active molecules can be present.. ,"12

After Benveniste's paper was published hi Nature,
John Maddox, the editor of Nature, James Randi (a
professional magician), and Walter Stewart (an
experienced fraud investigator) spent three weeks in
Benveniste's laboratory witnessing the experiments.
When an elaborate series of double-blind experiments
were conducted rne biological effect was not measured.
This committee of three reported "... that the original
experiments were poorly controlled and that no effort
had been made to exclude systematic error or observer
bias".12

Many of the traits reported in the earlier episodes of
erroneous science were present with infinite dilution.
The effect was weak and independent of the causative
agent The counting was done visually and it was
extremely difficult to do. When the control produced
results at variance with the experimenters's beliefs the
counting was redone. Negative results were
overlooked. Sometimes experiments would not work
for several months and one investigator seemed to be
the best at making the experiments work.12

Rousseau has written that "Benveniste and his
colleagues were not doing fraudulent work. They
observed the effects that they reported. But they so
believed in the phenomenon mat they could ignore or
reinterpret any questionable findings. In replying to the
Maddox committee, Benveniste wrote, 'It may be that
all of us are wrong in good faith. This is no crime but
science as usual and only the future knows.' But,

10self-delusion is not science as usual".

Cold Fusion

In 1989 two research groups in Utah announced that
they had discovered cold fusion by means of simple
electrochemical cells. Both research groups used heavy
water although their salts were different. The heavy
water would split into deuteroxyl ions (OD~ ) and
deuterons when a current was passed through the cells.
What they hoped to achieve was to collect enough
deuterons at the palladium cathode to cause them to
pack so tightly that they would fuse at room
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temperature and release energy, a process normally
requiring temperatures on the order of 108 "C.12

B. Stanley Pons of the University of Utah and Martin
Heischmann of the University of Southampton reported
achieving enough cold fusion that the thermal output
exceeded the energy input by 4.5 times. To explain
away the absence of the neutrons which should have
been present at a level sufficient to kill the
experimenters they reported that "... the bulk of the
energy release is due to a hitherto unknown nuclear
process".12 It was later learned that their
electrochemical cell was not a closed system so they
did not have a good heat balance. Moreover, their
method of calculating the energy release was
flawed.13'14

David E. Williams, the Thomas Graham Professor of
Chemistry at University College London and previously
a research group leader at the Harwell Laboratory of the
U.K. Atomic Energy Authority responsible for that
laboratory's attempts to verify cold fusion, has written
about one staunch advocate of cold fusion repeating "...
the common assertion that the excess energies
associated with the electrolysis of D2O with a Pd

cathode are on the order of tens to hundreds of MJ/cm3

and hence can only find an explanation in some
phenomenon outside the chemistry of the system. In
this he displays an ignorance of the experimental
measurement and a naive belief in the significance of
impressively large numbers. The great majority of
experiments measure power; the large numbers are
obtained by multiplying an (often small) power by a
large time (the duration of the experiment) and dividing
by a small volume (that of the Pd cathode). In
comparison with the total energy applied to the
electrolytic cell, the excesses are much less impressive,
on the order of a few percent More properly, in
comparison with the power applied to the cell, the
claimed excess power is often also small...".

Steven Jones of Brigham Young University and his
collaborators found evidence of increased neutron
production but nothing like the heat output reported by
Pons and Heischmann.

Other researchers were unable to duplicate the
experiments of the two Utah groups. The neutron
emissions measured by Pons and Heischmann were
inferred from a gamma-ray emission spectrum that was
more narrow than the resolution of their detector. The
claim that tritium, one product of a deuteron-deuteron
fusion reaction, had been found was later discredited
when it was learned that tritium was a contaminant in
the palladium electrode.12

As Rousseau has summarized it, "Cold fusion was
doomed from the start when a race to be first took
precedence over the desire to be right. Most
measurements reporting nuclear effects from cold
fusion were barely above the background noise, and
extended periods of failed experiments afflicted even
Pons's laboratory. The proponents of cold fusion
attributed the failure to several causes: differences in
the materials, the size of the electrodes, impurities in
the electrodes, and low current density. The list goes
on.

"Nuclear reactions, however, are very well
understood. Any theory offered to account for the
reported observations must postulate new nuclear
processes that only occur in the palladium electrodes ...
The investigators of cold fusion also ignored definitive
experiments".12

The whole sorry episode of cold fusion, which the
co-chair of the Department of Energy Energy Research
Advisory Board panel on cold fusion, Professor John R.
Huizenga, has termed the "scientific fiasco of the
century", has been well documented in Refs. 13,14,
16-18. Suffice it to say that it is not a pretty picture but
as Prof. Huizenga stated: "The cold fusion fiasco
illustrates once again that the scientific process works
by exposing and correcting its own errors".13

Despite all these problems the U.S. Air Force has
considered studying (as noted earlier) "... a number of
new emerging technologies and popular ideas ... such
as nanotechnology, above unity devices, and cold
fusion".7 Some USAF personnel apparently foresee
using cold fusion for satellite power and for fast acting
thrusters for survivability. The payoffs are listed as (1)
lower weight; (2) near limitless source of heat; (3) high
reliability and operability; and (4) simplicity and
robustness. The only technology needs identified were
the scaling up of cold fusion and the development of
specialized pumps, valves, and nozzles.7 The fact that
no reputable, objective scientist has been able to prove
the existence of cold fusion seems to be beside the
point! (Even NASA got in the cold fusion act briefly in
response to the NASA Administrator's order that no
nuclear power sources be flown again on NASA
spacecraft. After researchers at Lewis Research Center
were unable to make cold fusion work and mission
planners at the Jet Propulsion Laboratory showed to the
Administrator's satisfaction that there wasn't much
sunlight in the outer Solar System he recanted his order
against nuclear power although he does want a more
sporty — and possibly unachievable within current
funding and schedule limits — conversion system for
the next generation of radioisotope power sources.)
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As shown by the original hullabaloo over cold fusion
and the mote recent NASA activities followed by the
proposed USAF program, an unfortunate aspect to bad
science such as cold fusion is that it diverts time and
funding from real science. Science writer Gary Taubes
has written that "What cold fusion had proven,
nonetheless, was that the nonexistence of a
phenomenon is by no means a fatal impediment to
continued research. As long as financial support could
be found, the research would continue. And that
support might always be found so long as the
researchers could obtain positive results. In fact, the
few researchers still working in the field would have
little incentive to acknowledge negative results as valid,
because such recognition would only cut off their
funds. It promised to be an endless loop".

Something like this has certainly occurred with
thermionic reactor research in the U.S. where hundreds
of millions of dollars have been spent yet no long-lived
(>5 years), high efficiency (>10%), high specific power
(>5.5 We/kg) in-reactor-core thermionic system has
been built in the U.S.19"21 Still the studies continue,
now with a focus on bimodal power/propulsion
systems.22 And despite the investment of over $500
million in today's dollars with no U.S. in-core
thermionic reactor being built and meeting the
aforementioned goals, General Atomics of San Diego,
California was recently awarded a $5.4 million
cost-plus-fixed-fee contract by the Defense Special
Weapons Agency "... for the research, development,
test and evaluation of advanced in-core thermionic
technologies to support long duration space missions
for national security purposes. Focus is on the
advancement of thermionic performance rather than an
overall system design improvement since no specific
mission has yet been identified on which to base
detailed system requirements"[emphasis added].23

Given the end of the Cold War and the lack of military
reactor missions coupled with the lack of any real
progress in U.S. in-core thermionic research it is
doubtful if there will ever be any real military system
requirements but contracts will continue to be awarded
in an "endless loop". Is this pathological science or
pork barrel politics — or both?

Symptoms of Pathological Science

On 18 December 1953, Nobel-laureate Irving
Langmuir gave a colloquium on the subject of what he
termed "pathological science", the science of things that
aren't so. As Langmuir stated it, "These are cases
where there is no dishonesty involved but where people
are nicked into false results by a lack of understanding
about what human beings can do to themselves in the
way of being led astray by subjective effects, wishful

thinking or threshold interactions".10

Based on his study of me Davis and Barnes
experiment, the incident of the N rays and other early
mistakes, Langmuir listed six symptoms of pathological
science:

• The maximum effect that is observed is produced by a
causative agent of barely detectable intensity, and the
magnitude of the effect is substantially independent of
the intensity of the cause.

• The effect is of a magnitude that remains close to the
limit of detectability or, many measurements are
necessary because of the very low statistical
significance of the results.

• There are claims of great accuracy.

• Fantastic theories contrary to experience are
suggested.

• Criticisms are met by ad hoc excuses thought up on
the spur of the moment.

• The ratio of supporters to critics rises up to
somewhere near 50% and then falls gradually to
oblivion.

Working with more recent erroneous science such as
polywater, infinite dilution and cold fusion, Denis L.
Rousseau, at the time a Distinguished Member of the
Technical Staff at AT&T Bell Laboratories, condensed
Langmuir's six symptoms into two characteristics and
added a third, which he believes to be the most
important:12

1. The effect being studied is often at the limits of
detectability or has a very low statistical significance.

2. There is a readiness to disregard prevailing z'tfcas
and theories.

3. The investigator finds it nearly impossible to do the
critical experiments that would determine whether or
not the effect is real.

In looking at the cases of pathological science presented
in this paper it is clear that most of them are at the
limits of detectability and they often were based on
subjective visual observations. The fact that there may
be no direct connection between the causative agent
(e.g., number of hot bricks supposedly emitting N rays)
and the effect (better viewing) is not seen as an
impediment to the "new" scientific "discovery". News
accounts of the advertised anti-gravity effect also place
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the effect at the limits of detectability.1'

Cold fusion represents perhaps the most extreme
example of concocting new theories to explain a poorly
understood and poorly conducted set of
experiments. ' In contrast to the ready belief of the
cold fusion proponents in the fantastic new physics
invoked to explain their results, the author found it
refreshing to hear from several of the original nuclear
fission researchers (who were coincidentally meeting in
a special 50th anniversary conference at the same time
as the cold fusion fiasco erupted) that they were
unwilling to accept their experimental results until all
other avenues had been explored.24 Would that other
researchers had been as careful!

In none of the examples considered in the previous
section did the researchers conduct experiments to
determine if their results could be wrong. And in those
cases where other researchers came to different
conclusions they were criticized for having made
mistakes or using bad samples or the wrong procedures.

Carl Sagan has written about people who make
extraordinary claims, "The burden of proof is on them,
not on those who might be dubious".25 In short, if
someone believes he/she has discovered cold fusion or
anti-gravity it is up to him/her to prove it beyond a
shadow of doubt. It is not up to the skeptics to disprove
it Unfortunately, as Sagan has observed pseudoscience
operates just the opposite from normal science:
"Hypotheses are often framed precisely so they are
invulnerable to any experiment that offers a prospect of
disproof, so even hi principle they cannot be
invalidated. Practitioners are defensive and wary.
Skeptical scrutiny is opposed. When the
pseudoscientific hypothesis fails to catch fire with
scientists, conspiracies to suppress it are deduced".26

As Sagan has so eloquently put it, "I believe that the
extraordinary should certainly be pursued. But
extraordinary claims require extraordinary evidence".
To date the extraordinary evidence has not been
reported for cold fusion or anti-gravity.

Guidelines for Assessing
Other Exotic Propulsion Systems

One writer has pondered the question of what sort of
propulsion system a UFO would have to have to match
the reported observations of the motions of so-called
flying saucers. '6 Even though people have seen
strange things in the sky for centuries, the "Age of
Confusion" about flying saucers began with the
sighting near Mount Rainier by private pilot Kenneth

Arnold on 24 June 1947.27 Following Arnold's
claimed sighting there have been thousands of reports
of strange craft in the skies.27'28

Unfortunately, the sightings remain for the most part
anecdotal and the photographs are generally suspect.
Supposed artifacts have been shown to be of terrestrial
manufacture. In short, while there remain some
unexplained episodes, the vast majority of "sightings"
are of natural phenomena or they are delusions or
hoaxes.25'28

Astronomer Alan Hale, who is co-discoverer of
Comet Hale-Bopp and director of the Southwest
Institute for Space Research, has listed three basic
principles as guides he uses in confronting beliefs about
UFOs or other paranormal phenomena:

1. Extraordinary claims require extraordinary
evidence.

As an example of the kind of extraordinary evidence
he is seeking, Hale lists "... the actual physical aliens
themselves, where I and other trustworthy and
competent scientists and individuals can study and
communicate with them. I'd like to examine their
spacecraft and learn the physical principles under which
it operates. I'd like a ride on that spacecraft."29 And
he lists other things he would like to see and investigate
directly.

Personally, I would like to see the UFO land on the
Mall in Washington, D.C. and be subjected to a
complete inspection using all the resources (scientists,
engineers, technicians, equipment, etc.) at humanity's
disposal. Like Sagan 25-26,1 am highly skeptical about
these reported aliens in UFOs since they never seem to
contact any officials, they never demonstrate or leave
any technology we don't already have and they never
leave any messages that we don't already know.

2. The burden of proof is on the positive.

Hale demands that the one making the claim produce
the extraordinary evidence to prove the correctness of
the claim, noting that the burden is not on the skeptic to
prove that the advocate is wrong. He goes on to state
that "... you must prove your case by providing the
direct and compelling evidence for it; you can't prove it
by eliminating a few token explanations and then
crying, 'Well, what else can it be?'"29

3. Occam's Razor: If one is confronted with a
series of phenomena for which there exists more than
one viable explanation, one should choose the simplest
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explanation which fits all the observed facts.

Hale notes that people can make mistakes in their
observations and that most people are not aware of the
natural phenomena one can observe in the sky. Many
people are not trained to observe what they claim to
observe. People can be deceived by their preconceived
notions and expectations and some people will create
hoaxes. Hale asserts that 'Taking all these undeniable
facts together, the simplest explanation~to me,
anyway-for the UFO phenomenon is that every report
is either a hoax or is a mistake of some sort. If this
explanation is incorrect, then you have to increase the
sphere of undeniable facts; and for this, see points 1)
and 2) above".29

Another "breakthrough physics" concept being
studied is based on the belief that energy can be
extracted from the zero-point fluctuations of the
vacuum. In searching for the origin of this idea, R. L
Park of the American Physical Society wrote that "'The
New Energy News' ... credits the idea to physicist
Harold E. Puthoff and proclaimed him 'The New
Energy News Theorist of the Year.' ... PuthofFs ideas
are controversial; but he's accustomed to controversy.
In 1972, at the Stanford Research Institute, Puthoff and
Russell Targ were promoting psychic spoon-bender Uri
Geller; five years later, they published 'Mind Reach,' a
book about remote-viewing that inspired the CIA to
invest in psychic espionage. Reportedly, Puthoff
himself once sent his mind to explore the surface of
planet Mercury".3 Clearly, Kale's principles should
be applied to this type of research!

Author's Note: For those not familiar with the New
Energy News, it has been published by something
called the Fusion Information Center which also
disseminated information on cold fusion. This
publication states that it is interested in "... papers ...
covering both theory and practice of energy producing
devices and systems such as cold nuclear fusion,
rotating N-Machines, Solid-State energy systems,
Magnetic over-unity machines, Tapping Space Energy
(Zero-Point Energy), gravity control techniques,
energetic transmutations (nuclear reactions), and other
new energy research".31 Those interested in some of
the activities of Harold Puthoff, Russell Targ and the
spoon-bender Uri Geller are encouraged to read
Science, Good, Bad andBogus by Martin Gardner.32

The Scientific Method

Physicist Alan Cromer has described science as "...
the search for a consensus of rational opinion among all
competent researchers ... The products of science give

empirical proofs of its theories. Mathematics and
experimentation provide powerful arguments with
which to convince and persuade".33 Cromer states that
"Science is the heretical belief that the truth about the
real nature of things is to be found by studying the
things themselves".33 Cromer also notes that the
scientific way of thinking is not natural to humans; it is
something which has to be learned.33 Sagan has
observed mat "Science is a way of thinking much more
than it is a body of knowledge".

To study things requires the use of the scientific
method. While there is no single absolute detailed
process to be followed for all science, the American
philosopher Morris R. Cohen has written that "The
problem of how to get rid of illusion and see what truly
goes on in nature requires that persistent and arduous
use of reason which we call scientific method ...
Scientific method is a systematic effort to eliminate the
poison of error from our common knowledge".34 In
short, science is as much a process as it is an assembly
of facts, but it is a process that requires assembling of
the relevant facts (quantitative measurements) and the
testing of hypotheses. It is a process that any scientist
in the field should be able to duplicate in order to check
claims of new discoveries.25'26'29'32"35

To aid in avoiding pitfalls in developing advanced
propulsion (or exploring any new field), Sagan's tools
of skeptical thinking are highly recommended:26

• Obtain independent confirmation of the "facts".

• "Encourage substantive debate on the evidence by
knowledgeable proponents of all points of view."

• Give little weight to arguments from authority.

• Develop and test more than one hypothesis in a fair
and objective manner.

• Do not become overly attached to your own
hypothesis.

• Quantify your observations wherever possible.

• Test the entire argument - "If there's a chain of
argument, every link in the chain must work (including
the premise)-notjust most of them".

• Use Occam's Razor — when two or more
hypotheses explain the data equally well, choose the
simplest hypothesis.

• "Always ask whether the hypothesis can be, at
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least in principle, falsified. Propositions that are
untestable, unfalsifiable are not worth much ... You
must be able to check assertions out. Inveterate
skeptics must be given the chance to follow your
reasoning, to duplicate your experiments and see if they
get the same result."

A useful guide in conducting scientific research is the
National Academy of Sciences publication On Being a
Scientist.35

Lessons Learned

In the concluding chapter of his book, Cold Fusion:
The Scientific Fiasco of the Century, Professor John R.
Huizenga lists 15 lessons from which we all may profit
in conducting research. These lessons are13

• Handling far-out ideas and claims

Far-out ideas and claims should be presented first
informally at a meeting of colleagues to address the
hard questions. Where the work involves science or
technology outside the advocate's main area of
expertise the briefings should include experts from
those areas. When all questions have been answered
and all the experimental checks made one should
present the results to other experts outside the
laboratory or organization and then submit to the
peer-review process.

• Judging hypotheses

One should avoid the extreme position of rejecting all
previous work in the field just because one has obtained
some anomalous result If a hypothesis requires the
belief in several miraculous occurrences then the
hypothesis is probably pathological.

• Premature publication

Researchers should submit to the full peer review
process to avoid being caught later with an unsound
paper. Editors and reviewers also have a responsibility
to ensure the technical soundness of a paper. Where
there is some justifiable need for urgent publication the
editor can always put a disclaimer on the paper noting
that it has not been peer reviewed. (The author
proposed something like this for speculative papers
submitted to the annual Intersociety Energy Conversion
Conference not only as a caution for other researchers
but as a warning to potential investors.)

• Publication by press conference

The announcement of a new scientific discovery at a

press conference should only be done where it is
justified and where there is enough supporting
information to back up the claimed discovery.
Generally, it is far better and safer to "announce" the
discovery through the normal peer review process.

• Publication of primary data

Researchers should publish enough of their primary
data and experimental procedures to enable other
researchers to check their results. If mistakes are later
found these should be formally noted in the same
publication that carried the original data.

• Reproducibility in science

Researchers should publish sufficient information
about how they conducted their experiments so that
other researchers can check their work. As Huizenga
has written, "The foundation of science requires that
experimental results must be reproducible. Validation

1 o
is an integral part of the scientific process".

• Scientific isolation in research

Breakthroughs in science generally are made by
researchers who are fully knowledgeable in their fields
and in contact with other researchers. In contrast,
University of Utah officials claimed that the isolation of
Pons and Fleischmann from both the traditional centers
of fusion research and from nuclear scientists was what
led them to make their claimed breakthrough discovery
of cold fusion. Unfortunately, when their cold fusion
results could not be duplicated by reputable, objective
(and skeptical) scientists, cold fusion was dubbed
another example of the "Utah Effect" (a term first used
in connection with University of Utah Professor
Edward Eyring's 1972 mistaken claim of discovering
the x-ray laser).13'14

• Control of information

Researchers must be open with and willing to share
their research data and experimental techniques. Free
and open communication is central to the scientific
process.

• Secrecy in basic research

Basic research is best conducted openly with the peer
review process. If the research is done in secret the
kinds of errors that afflicted so-called cold fusion can
occur. Similar problems occurred when the former
Strategic Defense Initiative Organization (SDIO) tried
to develop a nuclear rocket code-named "Timber
Wind" using a technology (particle bed reactor) that
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was highly questioned by outside experts. In that case
people who had technical concerns about the viability
of the concept were either ignored or denied further
access to information on the program.36

• Discovery by outsiders

There seems to be a growing belief that only people
who are not experts can make breakthrough discoveries
because their minds are not clouded by "official"
science. The facts are quite different-it is very rare
that a non-expert makes a breakthrough discovery
outside his or her field. As Prof. Huizenga has
observed, "Most fundamental discoveries are made by
persons intimately familiar with their research
discipline because they not only know the subject
matter of the field but also know the pitfalls and traps
and have made many of the obvious mistakes".13

• Lobbying before Congressional committees

Lobbying before Congressional committees is
contrary to the scientific process of peer review and it is
particularly dangerous when the advocates are
championing something like cold fusion which has not
been confirmed. Not only is lobbying for unproven
concepts damaging to science it wastes the country's
limited research funds. Prof. Huizenga has estimated
that "It has taken upwards of some fifty to one hundred
million dollars of research time and resources to show
that there is no convincing evidence for room
temperature fusion".13 Timber Wind cost the U.S. at
least $139 million between Government Fiscal Years
1987 and 1991 largely on the basis of Congressional
lobbying.36 Thermionic reactor research has cost the
country on the order of $500 million in today's
dollars.1^ These monies could have been better spent
on peer-reviewed space technology of more benefit to
the country.

• Funding large initiatives

Large initiatives should be funded only when there is
clear, objective, peer-reviewed evidence in support of
the concept.

• Patents and revenues from basic science

If the concern is over protecting patent and
intellectual property rights, the normal process is to
verify the scientific results first, then file the patents
and then announce the work. The process of
announcing the results first with very limited
information and no scientific verification was a key
contributor to the cold fusion fiasco.

• The press and basic science

The press should explore claims of breakthrough
science thoroughly making sure that the public is being
given a true picture of what is claimed. The preferred
process for publicly reporting new discoveries is to wait
until the research paper has been peer reviewed and
accepted for publication by a respected journal in the
field. Using press conferences before complete
scientific papers were accepted contributed to the
confusion about and eventually distrust of claims of
cold fusion.

• The scientific process

Claims of breakthrough discoveries should be made
through the usual scientific process of peer review and
validation through independent reproduction of the
results.

Concluding Remarks

Advanced propulsion research must be continued
because of the tremendous payoff it offers to our ability
to conduct scientific, exploration, and commercial
space missions. However, in our studies of advanced
propulsion concepts we should be guided by the
scientific method so that we can avoid the types of
pitfalls that have ensnared other scientists in what
Irving Langmuir has called "pathological science".
Physicist Richard P. Feynman said it best in his
minority report on the Challenger accident: "For a
successful technology, reality must take precedence
over public relations, for nature cannot be fooled".37

Unfortunately, what has often occurred with
pseudoscience is that "... for the survival of an
unsuccessful technology, public relations must take
precedence over reality".14 If we ignore reality then
everyone loses and our research field is damaged.
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Introduction.

 

 We have experimentally studied the
physical effects in a system based on rotating perma-
nent magnets [1]. Below, we describe the technology of
manufacture; assembly; and the results of testing this
experimental setup, which is referred to as the con-
verter. 

 

Technological description. 

 

The converter com-
prises an immobile stator and a rotor moving around
the stator and carrying fixed magnetic rollers. The mag-
netic system of the working body of the converter has a
diameter of about 1 m. The stator and magnetic rollers
were manufactured from separate magnetized seg-
ments made of rare-earth magnets (REMs) with a resid-
ual magnetization of 0.85 T, a coercive force of [

 

Hc

 

] ~
600 kA/m, and a specific magnetic energy of [

 

W

 

] ~
150 J/m

 

3

 

. The segments were magnetized by a conven-
tional method based on a discharge of a capacitor bank
through an inductor coil. Then the magnetized seg-
ments were assembled and glued together in a special
mounting stage, which provided for the necessary tol-
erance in positioning the segments and for the removal
of magnetic energy. Using this mounting stage, it was
possible to glue the elements into the common unit. The
stator incorporated REMs with a total weight of 110 kg
and the rollers contained 115 kg of the same REM
material. 

The magnetic system elements were assembled into
a single structure on a special platform made of non-
magnetic structural alloys. The platform construction
was provided with springs and shock absorbers and
allowed the converter setup to move in the vertical
direction on three slides. The motion was monitored by
an inductive transducer, which allowed changes in the
platform weight to be determined in the course of the
experiment. The total weight of the platform with the
magnetic system in the initial state was 350 kg. 

 

Description of observed effects.

 

 The converter was
installed in a 2.5-m-high laboratory room using three
concrete supports on a ground level. In additional to the
ordinary steel-reinforced concrete ceiling blocks, the
converter environment featured a usual electrodynamic
generator and an electric motor, with a total iron weight
of a several dozen kilograms (only these parts could, in
principle, introduce distortions into the electromag-
netic field pattern observed). 

The converter was set to operation by the electric
motor. The motor speed was gradually increased until
the amperemeter connected in the motor circuit showed
zero consumed current and the current direction rever-
sal. This state corresponded to a rotor speed of approx-
imately 550 rpm, but the motion transducer began to
indicate a change in the platform weight already at
200 rpm. Then the electric motor was disconnected
using an electromagnetic overrunning clutch, and a
usual electrodynamic generator was connected instead
to the main shaft of the converter via another electro-
magnetic clutch. On attaining the critical regime
(~550 rpm), the rotor exhibited a sharp increase in the
rotation speed; this was accompanied by a slow-down
in the rate of the current weight variation. At this
instant, the first 1 kW load was connected to the system.
Immediately upon this connection, the rotation speed
began to decrease, while the 

 

∆

 

G

 

 value kept increasing,
and so on, as depicted in figure. 

The system weight variations depend both on the
power consumed by the active load (the load consisted
of ten ordinary 1-kW heating elements) and on the
polarization voltage applied. For the maximum con-
sumed power (7 kW), a change in the total platform
weight reached 35% of the initial value in the immobile
state (350 kg), which corresponded to 50% of the pure
weight of the working body of the converter. An
increase in the load power above 7 kW led to a gradual
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decrease in the rotor speed and, eventually, to the sys-
tem going out of the self-generation regime and the
rotor speed decreasing until the full stop. 

The platform weight could be controlled by apply-
ing a high-voltage signal to the cellular ring electrodes
situated 10 mm above the external roller surface. Upon
applying a 20-kV signal (negative polarity on the elec-
trodes), an increase in the load power consumption
above 6 kW did not affect the 

 

∆

 

G

 

 value even when the
rotor speed decreased down to 400 rpm. This was
equivalent to “prolongation” of the effect and was
accompanied by phenomena of the “remanent induc-
tion” type with respect to 

 

∆

 

G

 

. The converter operation
in various experimental regimes is illustrated in the
figure. 

The effect of the system weight variation is revers-
ible with respect to the direction of rotor motion and
exhibits certain hysteresis. For the clockwise rotation,
the critical regime is observed in the region of 550 rpm
and is accompanied by development of the force acting
against the gravity vector. For the counterclockwise
rotation, the onset of the critical regime is observed at
approximately 600 rpm and the extra force coincides in
direction with the gravity vector. The onset of the criti-
cal regime exhibited a scatter within 50–60 rpm. It
should be noted that some other critical resonance
regimes may exist which correspond to higher rotor
speeds and markedly greater useful load levels. Pro-
ceeding from the general theoretical considerations, the
output mechanical energy must nonlinearly depend on
the internal parameters of the converter magnetic sys-
tem and the rotor speed, so that the observed effects are
likely to be far from optimum. Establishing the maxi-
mum output power, maximum weight variation, and the
converter energy resource is of considerable theoretical
and practical interest. 

Besides the phenomena described above, a number
of other interesting effects were observed in the system

studied. In particular, the converter operation in the
dark is accompanied by a corona discharge with a pink-
ish blue light emission and by the ozone production.
The ionization cloud is formed around the stator and
rotor, acquiring a toroidal shape. The general corona
discharge background is superimposed with a wavy
pattern corresponding to the surface of rollers: the
zones of increased emission intensity are distributed
along the roller height in a manner similar to that
observed for the high-voltage microwave induction
energy storage in the prebreakdown state. These zones
appeared yellowish white, but the emission was not
accompanied by sounds characteristic of the arc dis-
charge. We also did not observe any visible erosive
damage on the stator and rotor surfaces. 

One more effect which was never reported previ-
ously is the appearance of vertical “magnetic walls”
surrounding the setup. We have detected and measured
an anomalous constant magnetic field around the con-
verter. The measurements revealed zones of increased
magnetic field strength on the order of 0.05 T arranged
coaxially relative to the system center. The direction of
the magnetic field vector on the “walls” coincides with
that in the rollers. The structure of these magnetic zones
resembles the pattern of circular waves on the water
surface. No anomalous field is detected by a mobile
magnetometer, employing the Hall effect transducer, in
the areas between zones. The layers of increased mag-
netic field strength are propagating with virtually no
attenuation to a distance of 15 m from the converter
center and then rapidly decayed at the boundary of this
15-m area. Each layer zone is 5–8 cm thick and exhibits
sharp boundaries. The layers are spaced by 50–60 cm,
the spacing slightly increasing with the distance from
the converter center. A stable pattern was also observed
at a height of 5 m above the setup (the measurements
were conducted in a second-floor room above the labo-
ratory; no tests were performed on a higher level). 

Another interesting phenomenon consists in an
anomalous temperature drop in the immediate vicinity
of the converter. At a general room temperature level in
the laboratory +22

 

°

 

C (

 

±

 

2

 

°

 

C), the temperature at the
converter surface was 6–8

 

°

 

C lower. Similar tempera-
ture variations were detected in the vertical magnetic
“walls.” The temperature changes in the walls were
detected by an ordinary alcohol thermometer with a
reading set time of 1.5 min. The temperature variations
in the magnetic “walls” can be even sensed by the
human body: a hand placed inside the “wall” immedi-
ately feels cold. The same pattern was observed at a
height of 5 m above the setup in a second-floor room
above the laboratory (despite the steel-reinforced con-
crete blocks separating the rooms). 

 

Discussion of results.

 

 All the experimental results
described above are very unusual and need some theo-
retical rationalization. Unfortunately, attempts at inter-
preting the obtained results within the framework of the
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A diagram illustrating various operation regimes of the
magnetogravitational converter showing (I) load power
(kW) and system weight variation; (II) 7-kW load (high
voltage off); (III) 7-kW load (high voltage on); (IV) super-
critical regime; (V) subcritical regime (
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, high voltage off;
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, high voltage on). 
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existing physical theories showed that no one of these
models can explain the whole set of experimental data. 

Recently, Dyatlov [2] attempted to combine the con-
cepts of electricity and gravity by introducing the so-
called electrogravitation and magnetic-spin coefficients
into the Heaviside gravity equations and the Maxwell
field equations. This provides for a relationship
between the gravitational and electrical components, as
well as between the magnetic and rotational compo-
nents in a given medium. The assumptions are built
around a special model of inhomogeneous physical
vacuum, called the vacuum domain model [2]. It is sug-
gested that the extra relationships are absent outside the
vacuum domain. Although it is difficult to imagine a
long-living vacuum domain, the proposed model pro-
vides for a satisfactory explanation (at least on a quali-
tative phenomenological level) for the appearance of
emission, the system weight variations, and the conver-
sion of energy taken from the surrounding medium into
the rotational mechanical moment of the rollers. Unfor-

tunately, the theory cannot provide a physical pattern of
the observed phenomena. 

 

Conclusion.

 

 At present, the works on a developed
variant of the converter are in progress at the Glushko
“NPE Énergomash” stock company (Moscow). This
setup would allow a deeper insight into the physics of
observed phenomena. Another aim is the creation of
commercial samples for various practical applications. 

REFERENCES 

 

1. J. A. Thomas, Jr., in 

 

ANTI-GRAVITY: The Dream Made
Reality: The Story of John R. R. Searl

 

 (Direct Interna-
tional Science Consortium, London, 1994), Vol. VI,
Iss. 2. 

2. V. L. Dyatlov, 

 

Polarization Model Heterogeneous Phy-
sical Vacuum

 

 (Inst. Mat., Novosibirsk, 1998). 

 

Translated by P. Pozdeev



(c)2001 American Institute of Aeronautics & Astronautics or Published with Permission of Author(s) and/or Author(s)' Sponsoring Organization.

A01-34136

AIAA 2001-3361

Antimatter Production at a
Potential Boundary

Michael LaPointe
Ohio Aerospace Institute
Cleveland, OH 44135

37th AIAA/ASME/SAE/ASEE Joint Propulsion Conference
Salt Lake City, UT
July 8-11,2001

For permission to copy or to republish, contact the copyright owner named on the first page.
For AIAA-held copyright, write to AIAA Permissions Department,

1801 Alexander Bell Drive, Suite 500, Reston, VA, 20191-4344.



(c)2001 American Institute of Aeronautics & Astronautics or Published with Permission of Author(s) and/or Author(s)' Sponsoring Organization.

AIAA 2001-3361

ANTIMATTER PRODUCTION AT A POTENTIAL BOUNDARY

Michael LaPointe*
Ohio Aerospace Institute

Cleveland, OH

ABSTRACT

Current antiproton production techniques rely on high-
energy collisions between beam particles and target
nuclei to produce particle and antiparticle pairs, but
inherently low production and capture efficiencies ren-
der these techniques impractical for the cost-effective
production of antimatter for space propulsion and other
commercial applications. Based on Dirac's theory of
the vacuum field, a new antimatter production concept
is proposed in which particle-antiparticle pairs are cre-
ated at the boundary of a steep potential step formed by
the suppression of the local vacuum fields. Current an-
timatter production techniques are reviewed, followed
by a description of Dirac's relativistic quantum theory
of the vacuum state and corresponding solutions for
particle tunneling and reflection from a potential bar-
rier/ The use of the Casimir effect to suppress local
vacuum fields is presented as a possible technique for
generating the sharp potential gradients required for
particle-antiparticle pair creation.

INTRODUCTION

Present chemical engines and electric propulsion
thrusters are well suited for near-Earth applications and
robotic space flight, but advanced propulsion
technologies must be developed to enable fast piloted
and robotic deep space missions. Of all the known
energy sources, none provides more specific energy
than the annihilation of matter and antimatter. The
energy released per kilogram of combined matter and
antimatter is nearly 250 times the specific energy
released in nuclear fusion, and over 8 orders of
magnitude greater than the specific energy released in
chemical combustion.1 The possibility of producing
photon rockets using gamma rays from electron-
positron annihilation was investigated over half a
century ago,2 but the efficiency of the engines were

curtailed by an inability to collimate the energetic
photons. With the experimental discovery of the anti-
proton in 1955, attention turned to the use of proton-
antiproton annihilation as an energy source for
spacecraft propulsion. The higher rest mass energy of
the proton-antiproton pair yields 1877 MeV per
annihilation event, compared with 1.02 MeV released
by electron-positron annihilation. Equally important, a
significant fraction of the proton-antiproton annihilation
energy appears in the kinetic energy of charged
particles, which may be collimated for direct thrust or
used to heat an expellant more effectively than electron-
positron gamma radiation. Several antiproton-powered
rocket designs have been proposed over the past few
decades, ranging from low thrust, high specific impulse
pion engines to higher thrust, lower specific impulse
solid and gas core thermal rockets.6"20 Recent modeling
efforts have simulated the performance of magnetically
confined hydrogen plasma engines heated by charged
proton-antiproton annihilation byproducts21"24 and have
investigated antiproton-boosted fission reactions as a
driver for an inertial confinement fusion rocket.25'26

Although a number of potential antiproton propulsion
concepts have been analyzed, their transition from theo-
retical design to experimental validation and practical
use has been constrained by the prohibitive cost of cre-
ating and storing the antiprotons. The following section
discusses current antiproton production methods, and
outlines near-term prospects for efficient antiproton
production and storage.

Current Antiproton Production Methods

The two leading facilities for antiproton production and
storage are the European Laboratory for Particle Phys-
ics (formerly CERN, the Center for European Nuclear
Research) in Geneva, and the Fermi National Accelera-
tor Laboratory (FNAL) in the United States. At the
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CERN facility, protons are accelerated by a linear ac-
celerator to 50 MeV (8xlO~12 J), injected into a booster
ring and accelerated to 800 MeV, and then sent to a
proton synchrotron, where they are further accelerated
to 26 GeV. The high-energy protons are then focused
into a 2-mm beam and directed into a 3-mm diameter,
11-cm long copper wire target. The relativistic protons
collide with the target nuclei, producing a spray of
gammas, pions, kaons, and baryons, including antipro-
tons. On leaving the target, the antiprotons have a peak
momentum of 3.5 GeV/c, corresponding to a peak en-
ergy of roughly 3 GeV. A short focal length, pulsed
magnetic horn is used to capture antiprotons that have
momenta within 1.5% of their peak value, at angles up
to 50 mrad from the target centerline. The captured
antiprotons are sent to a storage ring in bursts of about
107 antiprotons every few seconds, and around 1011

antiprotons can be accumulated before space charge
effects scatter the circulating beam. The antiprotons are
sent back to the proton synchrotron, which decelerates
them to an energy of 200 MeV, and then to the low
energy antiproton ring, where the circulating beam is
further decelerated, stochastically cooled, and stored.
Similar techniques are used to create antiprotons at
FNAL.

During the high-energy collisions, approximately one
antiproton is created for every 105-10 high-energy pro-
tons incident on the target. The energy efficiency, de-
fined as the energy released in a proton-antiproton an-
nihilation event (1.88 GeV at rest) divided by the en-
ergy required to create an antiproton, is abysmally low.
On average, CERN creates 1 antiproton for every
2.5xl06 protons; at an average energy of 26 GeV per
proton, the corresponding energy efficiency is ap-
proximately 3X10"8. FNAL, which uses a 120 GeV
proton beam to strike the target, creates 1 antiproton for
every 3.3xl04 protons, corresponding to an energy effi-
ciency of around 4xlO"7. Assuming a "wall-plug" effi-
ciency for each accelerator of around 5%, the total anti-
proton production efficiencies are roughly 1.5xlO"9 for
CERN and 2xlO~® for FNAL. The total annihilation
energy contained in 1-mg of antiprotons (roughly
6xl020 antiprotons) is l.SxlO11 J; an efficiency of
1.5xlO"9 means that it would take nearly 1.2xl020 J
(3.3xl013 kW-hr) to create 1 mg of antiprotons. As-
suming a conservative energy cost of $0.05/kW-hr, the
estimated production cost is a staggering $1.6xlOn per
milligram of antiprotons. Most antimatter propulsion
concepts require milligrams to grams of antiprotons,
indicating that current antiproton production techniques
are inadequate for future spacecraft propulsion applica-
tions. However, as discussed by Forward1 and Schmidt
et at.,21 neither CERN nor FNAL were designed as
dedicated antiproton production facilities. As such, a

number of upgrades to the current facilities could be
made to improve antiproton production and storage
capabilities. Magnetic fields produced by electric cur-
rents flowing through the metal wire targets could be
used to keep the spray of antiprotons closer to the target
axis, reducing their angular spread. Multiple targets
could be employed, with magnetic lenses used to refo-
cus the antiprotons between each section. Angular cap-
ture efficiencies could be improved by going to higher
beam energies, creating a forward-peaked distribution
that allows more antiprotons to be captured. Material
lenses could be replaced with current-carrying plasma
lenses, which are less likely to absorb the antiprotons
and would not need active cooling. Using linear rather
than synchrotron accelerators to produce the initial
high-energy proton beams could increase the accelera-
tor energy efficiency by an order of magnitude over the
current 5%wall plug efficiencies.

Taken together, the potential facility improvements
could result in the yearly production and storage of mi-
crogram quantities of antiprotons at a potential cost27 of
around $6.4xl06/^g ($6.4xl09/mg). While these pro-
duction numbers and costs are approaching those re-
quired for ground testing antimatter propulsion con-
cepts, they are not adequate for antimatter-based pro-
pulsion systems. Forward1'20 calculates that antiproton
propulsion becomes cost competitive with chemical
propellant systems at an antiproton production cost of
approximately $107/mg, and antiproton propulsion be-
comes the most cost effective propulsion source avail-
able if the production costs can be lowered to
$2xl06/mg. Because the near term facility modifica-
tions outlined above are unlikely to produce the neces-
sary reduction in antiproton production costs, a number
of alternative antiproton production techniques have
been suggested. Chapline28 has proposed colliding
heavy ion beams, made up of singly charged uranium
atoms, to produce up to 1018 antiprotons/sec. Unfortu-
nately, the antiprotons will be emitted isotropically and
will be very difficult to collect. Equally problematic,
the colliding heavy ion beams will produce a significant
amount of nuclear debris and radiation, which would
have to be safely and efficiently removed from the
spray of antiprotons. Cassenti29 has suggested that the
pions generated during the collision of high-energy
protons with heavy target nuclei could be redirected
toward the target to increase the number of antiprotons
and improve the efficiency of current antiproton pro-
duction techniques. Although promising, the collection
and redirection of the pions and antiprotons remains a
major challenge to this concept.

Hora30 proposed the use of a high intensity laser that
could generate sufficiently strong electric fields to pro-
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duce proton-antiproton pairs from the vacuum, and
Crowe31 separately proposed the use of high intensity
lasers to produce electron-positron pairs. At present,
however, there are no known lasers that can produce the
high intensity electric fields needed for pair production.
Forward1'20 and Haloulakos and Ayotte32 have investi-
gated the possibility of building and operating an anti-
proton factory in space, where the proton accelerator
could be powered by solar energy. However, the esti-
mated cost to produce and store the antiprotons is still
nearly $109/mg, which is a factor of 102 too high for
cost-effective space propulsion applications.32

Rather than rely on high-energy proton beam collisions
with a stationary target, this paper outlines a new con-
cept that may lead to the more efficient production of
antimatter in quantities sufficient for propulsion and
other commercial applications. The proposed technique
is based upon particle-antiparticle pair production at the
steep potential boundary created by the suppression of
local vacuum field energies. The premise is based on
Dirac's relativistic theory of the vacuum state, which is
outlined in the following section. The theory underly-
ing particle-antiparticle pair creation at a potential
boundary is discussed, followed by an explanation of
the technique proposed to create the required potential
step. The paper concludes with an overview of an ex-
perimental approach designed to demonstrate the feasi-
bility of this new antimatter production concept

DIRAC'S THEORY OF THE VACUUM STATE

Dirac was the first to develop a relativistic wave equa-
tion that correctly describes the interaction of spin-1/2
particles, such as electrons and protons.33 Dirac's equa-
tion contains both positive and negative energy solu-
tions, the latter identified with the continuum energy of
the vacuum state (Fig. 1). As defined by Dirac, the vac-
uum state is characterized by the absence of all real
electrons in positive energy states, but has electrons
filling all negative energy states (the "Dirac sea"). Be-
cause of the Pauli exclusion principle, real electrons
cannot transition into negative energy states since all
such states are already occupied; however, an electron
in a negative energy state can absorb radiation and tran-
sition to a positive energy state, leaving behind a "hole"
in the negative energy continuum. The hole behaves
like a positive electron and represents the antiparticle of
the electron. The creation of an electron and an anti-
electron (positron) is identified as pair creation and
requires a minimum energy of 2moC2. Pair annihilation
occurs when an electron drops back into the (unoccu-
pied) hole, with the resulting transition energy emitted
as radiation.

Figure 1. Energy Levels of the Dirac Equation

More generally, in Dirac's theory the vacuum repre-
sents a continuum of negative energy states occupied by
negative energy particles. Pair creation is the process in
which sufficient energy is given to a particle in the
negative energy state to raise it to a positive energy
state (creating a real particle and leaving behind a hole,
or antiparticle); annihilation occurs when the particle
falls back into the hole, with the energy carried away as
radiation. The vacuum itself should have zero energy,
zero mass, and no charge, which is clearly not satisfied
by the simple form of the theory. Instead, there are
infinitely many negative energy states, which together
have an infinitely large negative energy, and, in the
case of electrons populating the negative energy con-
tinuum, an infinitely large negative charge. These dif-
ficulties are removed by renormalizing the zero point of
charge and energy in such a way that the vacuum has
no mass, energy, or charge. This renormalization proc-
ess is not pleasing from an aesthetic viewpoint, but it
does satisfy the constraint that only departures from the
vacuum state are observable and hence relevant.

TUNNELING AND POTENTIAL BARRIERS

Related to Dirac's theory of the vacuum is the quantum
mechanical process of particle tunneling in the presence
of a steep potential step. An overview of this process is
provided by Greiner,34 the salient features of which are
given here.

Consider a spin-1/2 particle (for example, an electron or
proton) with energy, E, and momentum, p, traveling
along the z-axis (Figure 2). The particle encounters a
step potential of magnitude V0 that rises to full value in
a distance equal to the Compton wavelength of the par-
ticle, Xc: h

*<=—— (1)

where h is Planck's constant (6.626xlO"34 J-s), m0 is the
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particle rest mass, and c is the speed of light.

Figure 2. Particle incident on a potential step.

The Dirac equation describing the propagation of the
particle in Region I is:

where iff is the particle wave function, h is the reduced
Planck constant (h/27c), Hf is the Hamiltonian, anda,^
are the standard Dirac matrices. Noting that the mo-
mentum operator/5 is given by:

A a
" (3)

the Dirac equation can be written in the more compact
form:

dt
,A^(4)

The Hamiltonian for Region I (zero potential) is the
total particle energy, E, while in Region II the Hamilto-
nian becomes (E-V0). The Dirac equation for a particle
wave traveling along the +z direction in Region I is
then:

[4*3 = £ - F (5)

In Region II, the Dirac equation for the traveling parti-
cle wave becomes:

(6)

The solution for the particle wave function in Region I
is:

' 1 1
0

Plc

0° ,

exp
- . z-
_£_!_

-
(7)

where A is a constant and the particle momentum, p}c,
is given by:

Plc = ̂ E2-my (8)

At the potential boundary, part of the particle wave will
be reflected and part will be transmitted. The reflected
wave solution in Region I is:

0
exp

and the transmitted solution in Region II is:

(9)

1
0
p2c i>2ziexpbrJ (10)

where again B and D are constants. The particle mo-
mentum in Region II is given by:

The incident and reflected wave functions must equal
the transmitted wave function at the step boundary
(z=0):

from which the following conditions are obtained for
the coefficients A, B and D:

A+B =

" 7

(13)

(14)

where y is defined as:

7 (15)
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Upon rearrangement, Equations 13 and 14 yield:

Dividing Equation 14 by the coefficient^ and substitut-
ing Equation 16 for (B/A) yields:

D= 2
A~ \-y

The particle currenty is defined to be:

(17)

(18)

where \^(z) is the adjoint of y(z). The values of i^a
in Region I are:

(19)

from which ji, the incident particle current in Region I,

i.—AA' 2p^ (20)

Similarly, the reflected (ji) and transmitted (jn) particle
currents are:

(21)

(22)

Equations 20-22 can now be used to calculate the re-
flection and transmission coefficients for the particle
wave function impacting the potential boundaiy. Tak-
ing the ratio of the reflected current to the incident par-
ticle current yields:

VL.
DP* 2#C2

DD — ———— 5r
£+w0c2

4f 2/V2
/I/I _ 0E+m0c2

BB'
AA'

B2

A2 (23)

The ratio of the transmitted current to the incident cur-
rent is given by:

\Jtt\
DD* 2P^ 2F0 -E-m^cL

U* 2PI°2

E + mQc2

DD*
AA*

(24)

For a potential step V0 > (E+moC2), the value y>l.
From Equation 23, this indicates that the reflected par-
ticle current exceeds the incident particle current in
Region I (bY|>lJil). It appears that electrons are entering
Region I from Region II, but there are no electrons ini-
tially present in Region II. This result, known as
Klein's Paradox, is most often interpreted as particle-
antiparticle pair creation at the potential boundaiy.

Discussion of Results.

Applying a potential V0 > E + moc2 raises the energy in
Region II sufficiently for there to be an overlap be-
tween the negative energy continuum (z>0) and the
positive energy continuum (z<0), as shown in Figure 3:

Figure 3. Energy Continuum of the Dirac Equation at a
Potential Barrier.34 (x) = particle, (o) = antiparticle

When V0 > E + moc2, the particles striking the barrier
from the left are able to knock additional particles out
of the vacuum on the right, leading to an antiparticle
current flowing from the left to the right in Region II
and a particle current flowing from right to left in Re-
gion I. This pair creation is depicted schematically in
Figure 3, with the additional particles entering Region I
from the right accounting for the increase in return cur-
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rent. As noted by Greiner,34 this process is most readily
understood as particle-antiparticle pair creation at the
potential barrier and is related to the decay of the vac-
uum in the presence of supercritical fields. When the
potential function V0 is less than E + moc2, the particle
momentum in Region II is imaginary (Eq. 11) and the
wave solution will be exponentially damped (Eq. 10);
all of the incident current is then reflected back into
Region I, and no particle current is transmitted into
Region II. It is only when V0 > E + moc2 that the mo-
mentum in Region II becomes real and the particle
wave function in Region II again becomes a traveling
wave.

The above derivations may be summarized as follows:

• The Dirac equation is used to represent the evolu-
tion of spin-1/2 particle wave functions.

• Dirac's equation permits both positive and negative
energy solutions; the negative energy states are
filled with virtual particles, which prevent particle
transitions from positive energy states to negative
energy states via the Pauli exclusion principle.

• Particles will be completely reflected from a poten-
tial barrier (V0) when their energy E < V0; the
transmitted particle wavefunction is exponentially
damped within the potential barrier.

• For potential steps with V0 > E + moc2, an incident
particle will induce pair creation at the potential
boundary, resulting in a (real) return particle cur-
rent and a (real) transmitted antiparticle current.

The question now arises as to whether this effect can
actually be applied to the production of antimatter. The
potential step must be greater than E + moc2, where E is
the total particle energy (rest mass plus kinetic), and the
potential must rise to its full value over a distance com-
parable to the Compton wavelength of the particle,
h/(moc). For an electron, the minimum potential step
height is 1.02 MeV (plus the kinetic energy of the elec-
tron), and the Compton wavelength is approximately
2.4xlO"12 m. For a proton, the minimum potential step
height is-1876 MeV and the Compton wavelength is
approximately 1.3xlO"16 m. These supercritical poten-
tials are too large to be generated over such short dis-
tances using laboratory electric fields, but there may be
another option: rather than use externally applied fields
to raise the vacuum energy in Region II, it may be pos-
sible to use the Casimir effect to lower the vacuum en-
ergy in Region I. This concept, shown schematically in
Figure 4, may be able to produce the same pair creation
effects depicted in Figure 3 without requiring the appli-
cation of supercritical external fields. A brief discus-
sion of the Casimir effect is provided below, followed
by an outline of a possible experimental test of the pro-

posed antimatter production mechanism.

-U0+

Figure 4. Lowering the vacuum energy via the Casimir
effect.

VACUUM FIELDS AND THE CASIMIR EFFECT

Dirac's vacuum is a negative energy continuum popu-
lated by particles that prevent positive energy particles
from transitioning into the negative energy states. To
avoid obvious problems associated with infinite vac-
uum charges and energies, the vacuum state is renor-
malized to zero; only deviations from the vacuum state
are measurable. As such, the potential step shown in
Figure 3 represents an applied field measured with re-
spect to the background vacuum; the energy in Region
II has been raised by the applied field such that the
negative energy states now overlap the positive energy
states in Region I. However, raising the background
vacuum in Region II requires a tremendous amount of
energy (V0>E+moC2) over a very small distance, which
is clearly beyond present capabilities. Rather than rais-
ing the vacuum energy in Region II, it is proposed that
the same effect can be generated by suppressing the
relative vacuum energy in Region I, as shown in Figure
4. This process can be viewed either as lowering the
positive energy states such that they now overlap with
the negative energy states in Region II, or the back-
ground vacuum in Region I can be renormalized to zero
to yield an energy diagram similar to Figure 3. In either
instance, a particle wave traveling from Region I into
Region II will be described by the same solutions out-
lined in the section above, leading to particle-
antiparticle pair creation at the potential boundary.
Unlike Figure 3, pair production is achieved not by
raising the potential but by lowering the relative vac-
uum energy, an effect that might be accomplished
through the use of a Casimir cavity.
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Before discussing the Casimir effect, it should be noted
that Dirac's interpretation of the vacuum as a continuum
of negative energy states occupied by negative energy
particles, though somewhat dated, is not in disagree-
ment with the current quantum electrodynamic (QED)
interpretation of the vacuum as an infinite sea of elec-
tromagnetic radiation populated with virtual particle
pairs. Because exchange interactions occur in Dirac's
theory, virtual electron-positron pairs are continuously
created and annihilated in the vacuum; an electron in a
bound or free state can fill a virtual hole in the Dirac
sea, with a virtual electron taking its place. Renormali-
zation of the vacuum energy and charge is required
both in Dirac's original theory and in QED, and as
noted by Greiner,34 the physical content of the Dirac
theory forms the basis of current quantum electrody-
namics. This is mentioned because the Casimir effect is
generally discussed in terms of the QED interpretation
of the vacuum state, and it is necessary to point out that
both the Dirac and QED vacuum interpretations are
complementary.

The Casimir Effect

As in the Dirac theory, the vacuum state in quantum
electrodynamics is interpreted to be the state of lowest
energy. This lowest energy state is not at rest, but fluc-
tuates with a "zero-point" energy.35"39 The vacuum fluc-
tuations have measurable effects, including the experi-
mentally observed Lamb-Retherford shift between the s
and p energy levels of the hydrogen atom, and the at-
tractive Casimir force that occurs between closely
spaced uncharged conductors. As discussed by Moste-
panenko et a/.,35 the Casimir effect can be accounted
for by assuming the force is a consequence of the sepa-
ration-dependent vacuum field energy trapped between
the conductors. For example, assume that two square
conducting plates with side dimensions L9 separated by
a distance z, are placed in a vacuum. In the QED inter-
pretation, the vacuum is teeming with electromagnetic
radiation (although mathematically the vacuum state is
renormalized to zero), hence the plates may be consid-
ered to constitute a cavity that supports vacuum fluctua-
tion modes with wave numbers down to about z'1. The
vacuum energy trapped between the plates is approxi-
mately given by:

* 1 r 1 F 1U = T^ —ha>«(£2z) \hckk2dk = — L2hc\zK4 — z 3 \i ? J 4*-r *" (25>
where Uv is the upper energy bound, UL is the lower
energy bound, and K represents a high frequency cut-
off to make the total energy finite. The negative rate of
change of the lower cut-off energy UL with separation z

constitutes a force of attraction, F, per unit area, given
fey: F _ 1 dUL he

7-~F~*"V (26)

A more careful analysis leads to the exact relationship
for the force per unit area between the parallel conduct-
ing plates:39

 2
F=*_»c (27)

A 240 z4

In other words, the vacuum energy density between the
plates is lower than the vacuum energy density outside
the plates by an amount equal to the right hand side of
Equation 27. For reasonable plate sizes and small sepa-
ration distances, the change in the vacuum energy den-
sity can be appreciable. Assuming the plates have
length L=0.1 m and are separated by a distance of 1-̂ m
(10~6 m), the change in the vacuum energy density is
approximately OxlO"4 J/m3, corresponding to an in-
ward pressure of 1.3X10"4 N/m2 on the plates. For a
separation distance of 0.1 -jim (10~7 m), the change in
the vacuum energy density is equal to 1.3 J/m3, corre-
sponding to an inward pressure of 1.3 N/m2. The calcu-
lations can be carried down to separation distances that
are approximately equal to the cut-off wavelength of
the conducting material, at which point the plates can
no longer be considered good electromagnetic reflec-
tors.

Equations 26 and 27 demonstrate that the vacuum en-
ergy density between the conducting plates is lower
than the external vacuum energy density. Multiplying
Equation 27 by the plate surface area (L) and the sepa-
ration distance between the plates (z) yields an expres-
sion relating the decrease in the vacuum energy be-
tween the plates compared to the external vacuum field
energy: ^ hcL2

™°~~~120~7~ (28)

For square plate dimensions of L = 0.1 m and a separa-
tion distance of 0. l-p-m, the change in vacuum energy is
calculated to be 4.3xlO'9 J, or roughly 2.7xl010 eV (27
GeV). The vacuum energy between the plates is thus
substantially lower than the vacuum energy external to
the plates, or conversely, if the vacuum energy between
the plates is renormalized to zero, the vacuum energy
external to the plates is substantially higher than the
vacuum energy between the plates. By adjusting the
plate dimensions and separation distance, it may thus be
possible to significantly suppress the vacuum energy in
a given region and generate a condition similar to that
shown in Figure 4. A particle generated in the sup-
pressed vacuum fields of Region I will see a higher
vacuum field energy outside of the plates, and if the
relative change in the vacuum energy exceeds E+m<)C2,
it may be possible to generate particle-antiparticle pairs

American Institute of Aeronautics and Astronautics



(c)2001 American Institute of Aeronautics & Astronautics or Published with Permission of Author(s) and/or Author(s)' Sponsoring Organization.

at the vacuum energy step. Because the Dirac solutions
hold equally well for electrons or protons, the possibil-
ity exists that low energy proton-antiproton pairs might
be created at the steep potential boundary created by
vacuum field suppression in a Casimir cavity.

Creating a Potential Gradient

The Casimir effect provides an avenue for creating suf-
ficiently large potential steps, but the question arises as
to whether these steps can be generated over a distance
comparable to the Compton wavelength of the particle.
From Equation 1, the Compton wavelength for elec-
trons is 2.42xlO"12 m, while for protons the Compton
wavelength is 1.32xlO"15 m. Either distance is several
orders of magnitude smaller than any realistic plate
thickness separating the interior and exterior vacuum
fields, hence typical flat plates will not provide a suffi-
ciently steep potential step for pair creation to occur.

A possible solution to this dilemma is to create a suit-
able potential gradient over a distance larger than the
Compton wavelength, such that the required step
change in potential occurs over a distance comparable
to the Compton wavelength. Assuming the required
potential step has magnitude V and the change in vac-
uum field energy due to the Casimir effect has magni-
tude AEvac, the gradient relation can be expressed:

—— «^2L (29)

where /lc is the Compton wavelength of the particle and
d is the plate thickness, or more properly the thickness
of the region over which the change in vacuum field
energy occurs. For pair production to occur at the step
boundary, the potential Fmust exceed E+moC2, where E
is the total energy of the particle (rest mass plus kinetic
energy). Assuming the particle kinetic energy at the
boundary is small compared to its rest mass energy, the
requirement for V becomes:

V > 2mQc2 (30)

Inserting Equations 28 and 30 into Equation 29 yields
the following expression for the plate area, thickness,
and separation as a function of particle mass and Comp-
ton wavelength:

(31)

which reduces to:

-±-« 4.15 x 10*^2-
z*d A

(32)

Equation 32 expresses necessary conditions for a flat
parallel plate geometry to form a sufficiently steep po-
tential gradient for particle-antiparticle pair production
to occur. For electrons, this condition can be written:

z d
(33)

Assuming a plate separation distance z = 10"7 m and a
gradient length d = 10"6 m, the required plate area, L2, is
around 0.156 m2; for square plates this corresponds to a
side length of approximately 0.4 m. Plates of this size
and flatness are well within current manufacturing ca-
pabilities, offering some encouragement for experimen-
tal verification of the proposed concept. For protons,

-
z d

(34)

Using the same plate separation and gradient distances
above would require a plate length of 725 m to provide
a suitable potential gradient. However, a number of
Casimir force experiments have been performed over
the past several years with plate separations down to
several nanometers, and a reasonable lower limit of 10"8

m can be assumed for the plate separation z. The dis-
tance over which the potential gradient is formed, d,
can also be reduced by locally thinning the plate sup-
port structure; a more realistic lower bound on d is thus
assumed to be 10"9 m. Given these values, the plate
size for producing the required potential step for pro-
ton-antiproton pair production is around 0.73 m, which
is difficult but not impossible to manufacture.

Ideally, the potential gradient would be formed in a
region devoid of plate material; this can be accom-
plished by designing the Casimir plate with a small hole
whose diameter is of the same order or smaller than the
plate separation distance. Vacuum electromagnetic
fields with wavelengths larger than the hole diameter
will still be blocked by the cavity, but the potential gra-
dient formed by the plates is now in a material-free
region that more faithfully reproduces the assumptions
behind Figures 3 and 4. Possible effects due to the
fringing of vacuum electromagnetic fields at the hole
boundaries remain to be evaluated, but this method ap-
pears promising to provide the required potential gradi-
ents in a material-free region.

Summary, In summary, it appears possible to produce
a Casimir cavity geometry that will provide sufficiently
steep potential gradients for particle-antiparticle pair
creation. By introducing a small hole in the plate mate-
rial with a diameter similar to the plate separation dis-
tance, a potential step may be created in a material-free
region, as depicted in Figure 4. Electron-positron pairs
and proton-antiproton pairs can conceivably be gener-
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ated using this technique, with significantly less infra-
structure and presumably lower cost than current anti-
matter production methods.

EXPERIMENTAL DESIGN

The following experiment is proposed to evaluate the
possibility of producing particle-antiparticle pairs at a
potential boundary created within a Casimir cavity.
The proposed experiment is a modified version of a
similar experiment performed by the author under a
prior contract to the NASA Marshall Space Flight Cen-
ter.40 In that experiment, flat parallel plates were used
to form a Casimir cavity to investigate pair creation, but
the plate geometries were not properly designed to gen-
erate sharp potential gradients. Based on that effort and
the additional analysis in this report, the following ex-
periment is suggested for a proof-of-concept test.

Electron-Positron Production

To investigate the formation of electron-positron pairs,
it is proposed that a Casimir cavity be constructed from
two flat, square metallic plates, each with an area of
1.61xlO~2 m2 (L = 12.7 cm). From Equation 33, spacing
the plates a distance z = 10~7 m apart should provide a
suitably steep potential gradient for electron-positron
pair creation to occur. To create a material free region
for the steep potential step, one plate should include a
central hole, drilled perpendicular to the plate bound-
ary, of diameter d < 10~7 m; vacuum electromagnetic
fields with wavelengths larger than d will still be
blocked by the cavity, although there may be minor
effects on the potential step due to field fringing. On
the opposite plate, a small amount of radioactive mate-
rial can be deposited to act as a source of electrons
within the cavity; Ni63 is a readily available commercial
source, and the kinetic energy of the emitted electrons
(0.067 MeV) are sufficiently below the rest mass en-
ergy of the electron that Equation 30 remains a viable
approximation. Alternatively, the metallic plate can be
irradiated to produce subsequent electron emissions
within the cavity.

The plate surfaces must be aligned and moved to within
10"7 m to form the required potential step, which can be
accomplished using commercially available piezoelec-
tric transducers. The close separation distance requires
that the surface flatness of the plates not exceed 10"8 m,
which is a stringent but commercially attainable con-
straint. The entire system should be mounted in a vac-
uum system capable of achieving a hard vacuum (< 10"8

torr), and isolated from vibrations. To evaluate whether
the proposed pair production method works, a small
target placed outside the central plate hole can be used

to intercept any positrons emitted at the potential
boundary. The resulting annihilation of the positrons
with the target material will produce 0.511-MeV
gamma rays that can be measured with a detector lo-
cated behind the target.

Proton-Antiproton Production

If successful, the experimental arrangement outlined
above will demonstrate the basic feasibility of the pro-
posed pair production process. However, for propul-
sion applications it is desirable to produce antiprotons
rather than positrons. As previously discussed, the con-
straints on plate size, flatness, and separation become
significantly more demanding, but remain within the
capability of current manufacturing techniques. For
proton-antiproton pair production, square plates with
areas of 0.526 m2 (L = 0.725 m) would have to be sepa-
rated by a distance of 10"8 m, indicating that the surface
flatness of the plates would have to be on the order of
angstroms. Larger plate areas would relax this con-
straint by allowing larger separation distances, and the
ability to machine flat surface areas must be traded
against the fabrication of larger plate dimensions. The
central hole diameter would again be on the order of the
plate separation distance to provide a material-free po-
tential step, and the electron source would be replaced
with a proton source to provide the particles within the
cavity. If this scheme is successful, the antiprotons can
be captured upon exiting through the hole in the Ca-
simir plate and stored in portable Penning traps for later
use.

CONCLUDING REMARKS

A new concept has been described for creating matter-
antimatter particle pairs at a steep potential boundary.
The potential step is created using the Casimir effect to
suppress the vacuum energy between parallel conduct-
ing plates. Preliminary calculations indicate that a suf-
ficiently steep potential gradient can be formed for rea-
sonable plate dimensions and separation distances. A
preliminary experimental design is outlined as a proof-
of-concept test for the proposed antimatter production
scheme. Additional analysis remains to be performed
to validate the concept, including an evaluation of ma-
terial and temperature effects on the plate boundaries,
the effect of fringing fields on the potential step at the
plate central hole, and the consequences of imperfect
parallel plate alignment on the required potential gradi-
ent. Nevertheless, based on the preliminary analysis
presented in this paper, the proposed concept appears to
be a potentially viable alternative to the high-energy
antimatter production methods currently in use.
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ABSTRACT
Claims that the weight of test masses can be changed
in non-relativistic experiments have been investigated.
Amongst the most prominent reports has been a paper
by Podkletnov & Nieminen (Physica C 203 441, 1992);
more recently, Rounds (Proc. NASA Breakthrough
Propulsion Phys. Workshop, Cleveland, 297, 1998)
used a simpler experimental arrangement. Both of
these experiments measure the gravitational field above
YBa2Cu3O7_£ (superconducting below Tc * 93K).
Podkletnov & Nieminen specify that the
superconductor must be cooled below 70K,
magnetically rotated at -5000 rpm, and simultaneously
levitated magnetically using two separate frequency
excitations; weight changes of ~1% were reported.
Rounds specifies less stringent conditions, mainly that
the YBCO is cooled to 77K whilst stationary. The
Rounds experiment has been repeated virtually exactly,
and the Podkletnov experiment has been investigated
by reproducing some of the conditions specified. No
measurable gravity modification (within ±0.03%) was
observed using the subset of the Podkletnov conditions,
(but this does not preclude gravity modification arising
from the foil specified conditions). The Rounds
configuration also has not shown any effects reliably
ascribable to gravity modification, although there was
unusual thermal behaviour.

1. INTRODUCTION
A number of reports recently claimed that the weight
of test masses can be changed as a result of using
various materials in various configurations and using
various excitations. One of the most prominent of these
has been that by Podkletnov and Nieminen1; as far as
the present authors are aware, not only is this the only
such paper that has appeared in a peer-reviewed

journal, but it is also one of the few that cannot
immediately be dismissed as spurious.
The experimental results reported by these authors
appear to contradict conventional gravitational theory,
because their claims amount to apparent modifications
to the gravitational field in a laboratory-based system
that - at face value - does not require analysis by
General Relativity. This experiment is therefore
potentially highly important scientifically because of
the enormous technological implications for the design
of current transportation vehicles and handling
methods for bulk materials if gravity modification
(and, in particular, gravitation reduction) were
demonstrated to be feasible.
Objections to the Podkletnov and Nieminen experiment
have been raised. Podesta and Bull2 discuss the
measurements1 in terms of buoyancy effects that could
be present because of the helium cooling the air
surrounding the test weight. Although interesting, the
air temperature required to achieve a buoyancy effect of
the same magnitude as seen by Podkletnov is 150K
which seems to be too low to make this a likely
explanation. Unnikrishnan3 includes a description of
static levitation of a large superconducting disk that
finds no gravity effect, but is more interesting for its
discussion of Podkletnov's claim that the gravitational
effects have no dependence on the height above the
spinning disk, which appears extremely strange at first
sight. This, along with Podkletnov's claims to have
seen increases as well as reductions in test mass
weight, confirms that the effect claimed must be
"Gravity modification" rather than passive
"Gravitational shielding".
Pokeltnov's report1 was therefore selected for
particular attention and experimental testing in the
present work, along with a subsequent and broadly
similar (though smaller) effect reported by Rounds4
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Copyright © 2001 by the American Institute of Aeronautics and Astronautics, Inc.. All rights reserved.

1
American Institute of Aeronautics and Astronautics



(c)2001 American Institute of Aeronautics & Astronautics or Published with Permission of Author(s) and/or Author(s)' Sponsoring Organization.

using a much simplified experimental arrangement.
The experiment due to Rounds4 has been repeated
virtually exactly, and that due to Podkletnov1

(experimentally much more challenging) has been
investigated by examining some (although not yet all)
of the conditions reported as necessary for
demonstrating gravity modification.
Both of these experiments have in common that they
require the gravitational field to be measured above the
high-temperature superconductor YBa2Cu307_^
(which is superconducting below the critical
temperature Tc » 93K). In the Podkletnov arrangement,
the superconductor (in the form of a multiphase
circular disk having a minimum diameter 10cm) must
be cooled below 70K, and magnetically rotated at high
speed (e.g., 5000 rpm) and simultaneously levitated
magnetically using two separate frequency excitations;
weight changes (in a test mass) of the order of 1% were
reported. In the Rounds arrangement, the conditions
are much less stringent and mainly require the YBCO
to be cooled to 77K in a stationary magnetic field.
1.1 Other claims of eravitv modification
Reiss5 has reported work on the weight of a PTFE
capsule containing pellets of various materials
including 2212 BSCCO high-rc superconductor when
the capsule is immersed in liquid nitrogen. All of
Reiss's measurements showed the apparent weight
rising with immersion time to some final figure after
about 5 minutes. This rise is a result of the thermal
contraction of the holder (giving a steadily reducing
buoyancy in the liquid nitrogen) and shows some
scatter as well as differences for different materials
contained within the holder. However, Reiss's figures
indicate that the capsules containing the
superconductor have the biggest apparent weight
increase (although not markedly bigger). Reiss
interprets this in terms of the superconductor gaining
weight as the inside of the sample holder cools below
his superconductor's critical temperature (~95K). Reiss
points out that the variation in the buoyancy drop
found for his three non-superconducting materials
(alumina, copper and PVC, in order of the lowest to
highest drop) does not match variations in their
specific heat. However, the variation in buoyancy drop
does occur in the same order as the thermal expansion
of these materials (i.e. alumina has a thermal
expansion coefficient smaller than that of copper,
which in turn is smaller than that of PVC). The room-
temperature expansion coefficient of BSCCO (which
shows the largest buoyancy drop) is roughly the same
size as that of copper. Reiss's calculations show that
the shrinkage of the PTFE capsule should lead to a

buoyancy drop three times larger than that seen in any
of his experiments; this inconsistency alone throws
doubt upon gravity modification having been
demonstrated conclusively.
Gravity experiments by Schnurer6 use a 1" diameter
superconducting disk attached to the top of three coils
in a triangular arrangement and a metallic test mass is
attached to the top of the superconductor. This
assembly forms the weight on one end of a balance; the
counter weight then sits on digital laboratory scales so
that a weight decrease in the superconductor assembly
produces an increase in the scales reading. The
superconductor assembly is immersed in liquid
nitrogen; once it has cooled the scales reading is noted,
and power applied to the coils. The scales show an
increase proportional to the sample mass. Nitrogen
boiling due to the resistive heating by the coils, and
possible flexing of the wires supplying the coils, may
be possible explanations for these observations.

2. TESTS OF WEIGHT
REDUCTION USING ROTATING

SUPERCONDUCTORS
2.1 Background

Fully reproducing the Podkletnov conditions1 is not
straightforward. As far as the present authors are
aware, no others have demonstrated gravity
modification using similar experimental arrangements,
though other partial tests7 have been reported.
The present approach to this experiment was to start by
spinning a superconductor at high speed. The basic
equipment used in initial tests is illustrated in Fig. 1. A
nominal 2" diameter (the die size, not the precise final
disk size; where appropriate this is given in mm)
granular disk fabricated ten years previously was
employed. Although this disk was able to produce
significant levitation (~5mm) of a lOg FeCo magnet, it
could not levitate a 40g, 1" 0.45T NdFe magnet, nor
could it sustainably levitate itself above an array of
these magnets. A number of tests where the
superconductor was cooled to 77K, spun at up to 5000
rpm, then slowed, and finally tested with a small
magnet to ensure that the Meissner effect was still
present, never produced any change in the test weight.
2.2 Present Project

In developing this investigation further, it was clear
that reproducing the full Podkletnov conditions would
take considerable time. Dr. Podkletnov has visited our
laboratory to observe our experiments, and has made
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some helpful comments based upon his own
experience . The strategy adopted was as follows:
• to be limited initially to 3" diameter disks,
• to develop a melt texturing process for disk

fabrication (Podkletnov partially melt textured his
disks to achieve much greater levitation for the
same magnetic flux density),

• to develop a new weight measurement system,
• to use permanent magnets to provide levitation

and/or rotating fields, and
• to produce low field, high frequency excitation

using a 13.56MHz generator.
These points will be discussed in turn below.

Y3CO disc
/ Nylon lid

Aluminium base plate

Motor

Fig. 1: The basic gravity test equipment The aim
was to spin the nitrogen container at high speed,
while keeping the superconductor below Tc

2.2.1 Melt Texturing and Disk Fabrication
Melt texturing has been found to improve YBCO's
levitation force significantly for a given field and so
was developed to produce disks that could self-levitate
above NdFe magnets.
When YBCO is raised above 1008°C it begins to
decompose according to the reaction:

2YBa2Cu3O6(s) -> Y2BaCu05(s) + copper/barium
rich liquid,

i.e., the high temperature form of the superconducting
YBCO phase decomposes to a liquid that is mostly
BaCuO2 and solid green phase YBCO. This reaction is
partially reversible, i.e. slow cooling back through
1008°C re-forms the 123 (superconducting) phase with
inclusions of the 211 (green) phase and solidified
copper/barium material. The resulting YBCO is
referred to as "melt textured"; essentially the grain
boundaries which limit the bulk superconductivity of a
granular sample have been reduced as the grains have
melted into each other. Most importantly the crystal
axes in a melt textured sample tend to be aligned
(usually so that the larger oaxis is vertical) so that the
sample properties are no longer an average of the good
in-plane and poor out-of-plane superconductivity
exhibited by YBCO.
One step further than melt texturing is top seeded melt
texturing. Seeding is carried out using small 123 phase
crystals with the yttrium replaced with neodymium or
samarium. This substitution produces a material with
the same crystal structure (except that the larger rare
earths have a tendency to be disordered because their
size means that they can partially substitute for
barium) but having a higher decomposition
temperature. These crystals when placed on the surface
of an YBCO pellet above the decomposition
temperature can, on cooling, seed the growth of large
single domain pseudo-crystals of 123 YBCO (they are
not true single crystals because of the 211 and Cu/Ba
inclusions).
Practical problems such as liquid flowing out from the
pellet above 1008°C can be controlled by adding extra
211 phase to increase the solid content at high
temperatures, but precise temperature control, without
significant temperature gradients, is necessary.
(Temperature gradients lead to different crystallisation
rates across the disks, causing disk cracking.)
The aim of this work was to produce 3" disks with an
even distribution of reasonably sized, randomly
oriented domains across their surface. Although single
YBCO domains up to 70mm across have been
demonstrated9, owing to the level of furnace
temperature control currently available to the present
work the largest single domain produced was
approximately 12mm x 12mm. In addition Podkletnov
considered inter-grain junctions to be crucial to the
gravity effect and we did not want to eliminate grain or
domain junctions entirely.

It was found that attempting to distribute Ndl23
crystals across the disk surface did not produce the
even domain distribution necessary. Not all of the Nd
seeds produced large domains and in any case
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distributing small seed crystals in a furnace at 1020°C
is not an easy process. A disk resulting from multiple
top seeding is shown in Fig. 2; it clearly showed visibly
uneven crystal distribution, giving a levitation force
varying from place to place across the disk.

surface. The Ndl23 crystals formed in this way then
act as seeds distributed evenly throughout the disk for
the Y123 growth. A disk grown by this method (Fig. 4)
had levitation characteristics similar to the
homogeneously seeded disk; it is expected that further
development of this process would lead to still higher
levitation forces.

Fig. 2: Top seeded 3" disk

A better disk was produced not by seeding, but by
dropping the post-decomposition temperature from the
982°C used for seeded growth to 975°C. This lower
temperature produces self-seeding and smaller
randomly shaped but evenly distributed domains
resulted (Fig. 3). This llOg disk, following
oxygenation between 500 and 200°C for a week, could
self-levitate above an array of seven NdFe magnets at a
height of approximately 15mm, and could levitate a
single NdFe magnet plus a further 80g at 2mm above
its surface.
As an alternative to homogeneous self-seeding a new
process, heterogeneous self-seeding, was tried. This
involves including some Nd211 phase in the Y123/211
mix so that the Nd/Y ratio was 2/98. When the disk
was raised to 1100°C (above the decomposition
temperature of Ndl23) and then cooled to 982°C,
Ndl23 is able to solidify from the 21 I/liquid mix first.
This is because of its higher decomposition
temperature and because the neodymium's similar size
to barium makes Nd much more soluble than Y in the
melt - enhancing diffusion to a growing crystal

Fig. 3: Homogeneously seeded 3" disk

Fig. 4: Heterogeneously self-seeded 3" disk. The
crystallisation is more evenly distributed with a
more random orientation than the top seeded disk
The chief problem found in this work is that of disk
cracking. It was found that any indication of a crack in
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the unfired disk that had been compacted in a die from
the precursor powders using a fifty tonne hydraulic
press would lead to catastrophic cracking during firing.
Only one in four disks as-pressed was good enough to
be fired (although unfired disks could usually be
reground and pressed again). One in two that were
fired held together, with or without some evidence of
cracking, after melt texturing. The extra shrinkage due
to the densification that occurs during melt texturing,
plus the uneven crystallisation resulting from
temperature gradients, puts a big strain on the
mechanical stability of the disk.
One final innovation used during disk manufacture
was the use of Saflfil fabric (Alumina/Silica fibres
pressed into a loose fabric/board) between disk and
substrate on firing. This served two purposes; the main
one was to ensure that disk could be separated from the
substrate post partial melting. Secondly, since both
aluminium and silicon chemically poison YBCO,
incorporation of the fabric into the lower layer of the
disk during melt texturing meant that there was a
graduated poisoning of the superconductivity from top
to bottom. In effect, the disks were bi-layered as
specified by Podkletnov*.

2.2.2 Experimental Apparatus
A beam balance was designed having the necessary
resolution (0.004g or better for a lOOg test mass, i.e.
0.004%) using a knife-edge pivot. Damping was
essential, and was incorporated using a magnet that
induced a Lorentz current in an aluminium plate
opposing motion in proportion to velocity. The final
design is shown in Fig. 5. The balance counter-mass
was adjustable to give sensitivities that ranged from
1mm deflection for 0.02g difference, to 5mm deflection
for 0.02g difference. The test mass used was lOOg in
all the tests undertaken as part of the present work, so
that the best resolution obtainable was of the order of
0.004%, certainly sufficient for this application.
The cryostat body was made of aluminium and uses
chemically-expanding foam as a thermal insulator. An
aluminium heat-exchanger, for thermal coupling of the
superconductor to the liquid nitrogen refrigerant, was
also used.
Tests on this cryostat assembly showed that although it
performed better than previous cryostats (fabricated
from nylon) in maintaining superconductivity during
static tests, after spinning at 5000 rpm and slowing to
rest the superconductor had warmed above Tc
(determined using the Meissner effect). Over 20 tests
were performed using this cryostat (on the basis that

the disk would be superconducting for at least some of
the time that it was being spun) with the old 2" YBCO
disk and various magnet configurations. No balance
deflections were seen that could be definitely ascribed
to anything except vibration and so using this
configuration a gravity effect larger than 0.02% can be
formally ruled out.
Following this work a foil liner was added to the
cryostat between the liquid nitrogen refrigerant and the
foam insulator to reduce the friction on the nitrogen
during acceleration. With this liner in place and using
a new partially crystallised 2" disk (an early melt-
textured sample that could only levitate the NdFe
magnets a few millimetres) the superconductor could
be consistently accelerated to a top speed of 6000 rpm,
stopped, and then still levitate a magnet afterwards.
In this new configuration 32 full runs were performed
using a video camera to record any balance deflections.
The kinds of magnet configurations used are illustrated
in Fig. 6. In some tests the superconductor was cooled
through Tc in the presence of a magnetic field ("field
cooling") and in others the superconductor was cooled
without a field.
One variation (two NdFe magnets held over the edge of
the disk, one with north up and one with north down,
and the superconductor field-cooled) seemed to show
balance deviations that indicated a very small weight
loss during disk acceleration and deceleration.
However, the vibration produced by the rotating
cryostat was such that rotation alone produced balance
deviations as large as any possible gravity effect. The
movements were not consistent enough to be ascribed
gravity effects, which in this configuration can be
formally ruled out down to 0.03%.
2.3 Experimental Results from Rotating Field Tests

The aim of this work was to rotate a levitated three
inch disk. However, whilst a levitated cylindrical
magnet can be freely rotated about its axis in any
orientation, levitated superconducting disks resist
rotation in a stationary field. Therefore, the
superconductor was fixed in place at the levitation
height - 10 to 20mm - above a rotating array of NdFe
magnets (Fig. 7). If the superconductor was not fixed
in these experiments then it tended to rotate unstably
with the rotating magnets. If a container was used that
only just contained the superconducting disk, then
sometimes the disk was seen to rise out of the position
in which it had been lodged and rotate slowly when the
magnets were rotating fast.
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Fig. 6: Sample magnet configurations

superconductor in
liquid nitrogen

test mass

rotating
magnet

motor

Fig. 7: Rotating field apparatus

If the superconductor was fixed in place and the
container was unsecured, then when the magnet
rotation speed reached around 2000 rpm the
superconductor lifted the whole container with liquid

nitrogen, and the container then vibrated violently.
This agrees with Podkletnov's observation of his disks
rising when rotated8, but it seems more likely that this
is due to Lorentz force rather than a weight loss.
When the superconductor was firmly fixed in position
the field linkage between superconductor and magnets
meant that at least -10% more power was required to
start the motor turning. If the superconductor was then
allowed to warm through Tc with the magnets still
rotating below, the motor immediately accelerated,
indicating that high rotation speeds do not diminish
the torque between superconductor and magnets.
Several magnet arrangements were tried (see Fig. 8).
The only noticeable result arising from the different
arrangements was that greater variation in the field
distribution produced greater rotational stiffness of the
superconductor rotating in that field. Both the
homogeneously and heterogeneously self-seeded disks
discussed in Section 2.2.1 were used with no obvious
differences between their behaviour. No balance
deflections were seen for magnet rotation speeds of up
to 10000 rpm (using three pairs of opposed magnets at
this speed is equivalent to a 500Hz levitation field) and
a gravitational effect can be ruled out down to 0.01%
(these experiments did not require the "see-saw"
balance to be moved for each run, giving better
resolution).

Fig. 8: Two different rotating magnet
configurations tried during the present work

A variation on the above was to use four vertical
magnets placed around the superconductor (Fig. 9).
These magnetically contained the superconductor
which was not secured in place mechanically. When
the magnets below were rotating at speed the
superconductor rotated slowly from the face of one
containment magnet to the next. No balance
deflections were observed.
Finally, five turns of copper tube were placed around
the superconductor and connected through a matching
unit to a 13.56MHz r.f. supply. The matching unit was
designed for capacitive loads and had very little effect
in minimising the reflected power. In fact the generator
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instrumentation suggested that for 200W forward
power only 2W was absorbed by the load. Nevertheless,
significant r.f. radiation was present in the vicinity of
the superconductor, evidenced by the fact that the
magnetic pick-up coil used for measuring rotation
speed developed 3V peak to peak at r.f, swamping the
output from the small magnets bonded to the rotating
assembly. The r.f. had no other effect on the
experiment and a gravity effect could still be ruled out
to 0.01%.

superconductor

routing magnet

position of 13.56MHz coil
Fig. 9: Positioning of containment magnets to
prevent the superconductor rotating uncontrollably
2.4 Discussion

It can be argued that the fact that no effect has been
observed in tests such as those described above is that
these tests have not fulfilled the specified conditions
for a gravity effect. These are:
• A disk with a diameter greater than 100mm

• A disk containing - 30% non-superconducting
YBCO, preferably organised into two layers

• A disk capable of self-levitation, but still
containing large numbers of intergrain junctions

• An a.c. levitation field with a frequency ~10kHz
• A second a.c. excitation field with a frequency of

-1MHz, for disk rotation
• Disk rotation speeds of a few thousand rpm for

large (>0.05%) gravity effects (the largest effects
(>2%) were reported1 when the disk was being
decelerated at around 3000 rpm).

The difficulties involved in meeting Podkletnov's
experimental conditions1 have already been discussed.
In 1999 another team7 working on reproducing
Podkletnov's work followed a broadly similar route to
the present work, i.e. using melt textured disks

levitated with low frequencies. This group was not able
to achieve stable static levitation of large disks at
frequencies greater than 600Hz, and with disks that
were not melt-textured stable levitation was achieved
only with frequencies up to 45Hz. No gravity effects
greater than 0.000001% were found.
The present work has investigated melt-texturing
technology and produced high quality bi-layer disks
with a final diameter of 70mm. There seems no a
priori reason why this process may not produce larger
diameter YBCO samples, particularly if annuli are
formed so that larger diameters can be achieved at
similar surface areas. An annular sample may also
significantly reduce cracking due to shrinkage during
the sintering process.
Rotating a melt-textured bi-layer 45mm disk at up to
7500 rpm through small static magnetic fields
produced no effects that could be extracted from the
system noise. Nor did various arrangements of high
quality bi-layer 70mm superconducting disks held at
levitation height above magnets rotating at up to 10000
rpm produce any gravity effect. The addition of a small
13.56MHz excitation field did not alter this negative
result.

3. ROUNDS'S EXPERIMENT:
STATIC SUPERCONDUCTOR

3.1 Introduction

Rounds4 discussed a series of experiments in which a
superconductor in the presence of a permanent magnet
and immersed in liquid nitrogen was slowly allowed to
warm. Rounds measured the weight of the whole
system, reasoning that as the superconductor passed
through Tc any weight anomaly associated with the
Podkletnov effect would show up as a deviation from
the monotonic weight loss as the nitrogen boiled off.

Rounds found deviations from linearity in his weight
against time curves for superconducting disks, and less
so for copper disks. However, as with the Reiss
experiment5, it is possible to postulate a number of
thermal effects that could account for this observation.
Nevertheless, the experiment was interesting and has
been repeated. Exactly the same type of
superconducting disk and magnet (Edmund Scientific,
part numbers CR37-446 and C52-867 respectively)
were used, along with a somewhat larger nitrogen
container than used by Rounds and also with a
thermocouple bonded to the top of the YBCO and
copper disks used.

8
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3.2 Results

The results from a typical run with a thermocouple, an
YBCO disk and a magnet separated from the YBCO by
10mm of plasticine are shown in Fig. 10, and for a
copper sample in Fig. 11. Different ambient conditions
along with the larger container meant that our
experiments took longer (210s to the prominent
inflection in the curve) than those of Rounds4 (48s)
and the initial portion of the weight loss curve shows
greater deviation from a straight line. However, the
deviation of our weight loss curve from a straight line
(Fig. 12) shows behaviour similar to that reported by
Rounds, in particular an anomaly at around 20s
elapsed time. Unfortunately our results contain too
much scatter (probably a result of vibrations in the
thermocouple wires) for us to ascribe this anomaly to
anything more than noise.

Time/s
200 250 300 400 450 500

—i. .7
Weightfg Thermocouple voltage/mV
Fig. 10: The changes in weight of the
experimental apparatus as nitrogen boils off in the
present work

Tim«($)

Fig. 11: As for Fig. 10 except that the YBCO disk
has been replaced with a copper disk of the same
size

However, the inclusion of a thermocouple does allow
identification of the point at which the superconductor
sample's temperature begins to rise. Inspection of Fig.

13 shows this to be after 205s, i.e. at the same time as
the inflection in the weight loss curve. This
concurrence can be explained by hypothesising that the
heat flux into the experimental apparatus prior to 205s
produced only nitrogen refrigerant boil-off, but post-
205s was also required to raise the superconductor
temperature, thus resulting in a slower boil-off rate.
Weight deviation/g
0.25 i

0.15 -

0.05 -

-0.05 -

-0.15 -

60 80 100
Time/s

-0.25 J

Fig. 12: The deviation from a straight line of the
weight changes in Fig. 10

After 220s, as shown in Fig. 13, the rate of increase of
temperature slowed dramatically, and the temperature
effectively paused for a period of 10s at 93-94K. This
is, of course, the critical temperature of the
superconductor. Thereafter the rate of increase was
slow until after 320s when no further liquid nitrogen
refrigerant remained. This behaviour was reproducible
using the YBCO superconductor sample but no such
temperature pause was seen when the superconductor
was replaced with a copper disc of similar dimensions.

Temperature/K
115 n

350

Fig. 13: Graph of thermocouple temperature vs.
time in the Rounds-configuration experiment
3.3 Discussion

With the superconductor sample (and to a lesser extent
the copper sample), the inflection in the weight loss
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curve corresponded to the sample starting to warm. A
consequence of this (and presumably Rounds's original
equipment4 behaved similarly) is that any anomalies in
the weight loss curve before the inflection point occur
while the superconductor is at a constant 77K and are
therefore most unlikely to be related to modification of
gravitation.
Of more interest in the results is the slowing of
warming rate at Tc which is reminiscent of a first order
phase transition (like, for example, the melting of ice).
However, the only first order phase transition reported
in high Tc superconductors is flux vortex lattice
melting and this has only been observed in small, high
quality, flux grown single crystals, not in granular
samples like ours10. Whilst this is an interesting
observation and in need of further investigation, it
appears to be a purely thermal effect without any
implications for gravity research.

4. CONCLUSIONS
The conclusions from the present work are that the
subset of the Podkletnov conditions examined here
does not produce gravity modification measurable with
our equipment (a resolution of the order of ±0.004%);
it remains an open question whether gravity
modification can be repeatably observed using the full
set of Podkletnov conditions. This may, of course, only
be a confirmation that not all of the correct and
prescribed conditions have been achieved so far and
that the present experiments could not be expected to
show positive results.

The Rounds configuration also has not shown any
effects unequivocally indicating gravity modification.
Although some interesting effects have been produced,
no effects reliably ascribable to gravity modification
have been observed using either experimental
arrangement.
From our repetition of the Rounds experiment, it
appears likely that Rounds4 was seeking a gravitational
anomaly at an incorrect temperature. There was,
however, unusual thermal behaviour in the YBCO
results for which as yet there is no adequate
explanation. Unusual behaviour around Tc has been
found by other authors and it is known that high Tc
superconductors with very short coherence lengths can
show short-lived superconducting fluctuations up to
15K either side of Tc (the width of the distribution
describing these fluctuations is proportional to
coherence length). It is not clear that such fluctuations
or thermal effects have any relation to any gravity
effect.

4.1 Simplified summary of conclusions

Two recent experiments, one in Finland and the other
in the U.S.A., have claimed to demonstrate reduction
of the earth's gravity in a laboratory. Such observations
are potentially of great importance to the future of
spaceflight, air travel, and other endeavours in which
gravity plays an important part. These experiments are
extremely challenging technically and so an exact
repetition is difficult; nevertheless, a partial repetition
of the specified experimental conditions has been
undertaken. No reduction in the earth's gravity has
been observed by the present researchers to date.
However, this may simply be because the full specified
conditions have not yet been met.

5, FURTHER WORK
The next step in this work is to attempt a more
complete test of the Podkletnov conditions. Work is
already in hand to increase the disk size to 10cm
diameter, to construct a magnetic levitation system, to
construct rotation coils and to construct a disk braking
system. Investigation of the detailed theory of such
effects, in our view, should properly follow a repeatable
demonstration of the Podkletnov observations beyond
reasonable doubt.
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AIAA 2001-3653
Abstract. A proof-of-principal experiment is
described for a possible propellantless propulsion
system (PPS) concept presented during the Space
Technology and Applications International Forum of
2001. A newly available, high power, solid state switch
and recent improvements in superconducting magnets,
may have made a propellantless propulsion system
(PPS) possible. Propulsion may occur during the non-
steady state condition of the ramp-up of a
very rapidly pulsed, high power magnet. Propulsion
would not occur after the first 100 nanoseconds of
each pulse, since the magnetic field will have reached
steady state. The switch can provide 100 nanosecond
ramp-ups at a rate of 0.4 megahertz, and at 9,000
volts and 30 amperes. To produce an asymmetry in
the magnetic field, a plate would need to be
attached to one end of the magnet. The primary
components of such a PPS would be an electrical power
supply, the switch, and a low temperature,
superconducting magnet, capable of 2,000 amperes
per square millimeter. Other applications may
include propulsion with significantly reduced
thermal and acoustical signatures; and a means to
dampen inertia.

Introduction

A proof-of-principal experiment is described for
a possible propellantless propulsion system
(PPS) concept presented during the Space
Technology and Applications International
Forum of 2001 (Goodwin, 2001). The effect
under investigation for a possible propellantless
propulsion system (PPS) is the movement of
high power magnets, under certain conditions,
during initial power ramp-ups. A newly
available, high power, solid state switch, coupled
with recent improvements in superconducting
magnets, may have made possible a PPS based
on this effect. This new concept could be
termed "a solid state PPS".

If successful, this type of PPS would meet one of
the NASA's Breakthrough Propulsion Physics
(BPP) technical challenge #1 for "propulsion
methods that eliminate ... the need for
propellant"; and may meet BPP technical
challenge #2 to "dramatically reduce transit
times" (Miffis, 2000).

Background

High power magnets are designed to avoid
movements since such movements have
detrimental effects on the experiments. When
movements of the magnets are encountered, the

1

magnets are redesigned to eliminate such
movements (e.g., eliminate vibrations). By
designing a system to exploit and enhance this
Lenz's Law based movement, it may be
possible to produce propulsion during the non-
steady state conditions of the ramp-ups of very
rapidly pulsed magnets.

The propulsion, if any, would only occur during
the 100-nanosecond ramp-up of each pulse.
After this ramp-up, the magnetic field will have
reached steady state and no propulsion would
occur. The non-steady, high power pulse might
be producing an inertia drive effect, but without
the need to mechanically move massive objects
(which are limited by the strength of materials
and produce only small amounts of propulsion,
with supplied power; and, perhaps, no propulsion
with on-board power). With sufficient power, it
may be possible to accelerate the mass of the
plate to lOOsofg's.

The time for the magnetic field to reach steady
state is related to the pulse duration (100
nanoseconds) and the size of the system (100
feet of wire). Given the size of the system (less
than 1,000 feet), the magnetic field reaches
steady state in less than 1 microsecond. This

This paper is declared a work of the U.S. Government and is
not subject to copyright protection in the United States.
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effect, if it exists, is different from magnetic
"levitation" or Lenz's Law "jumping rings", both
of which require the object to push off (or pull
towards) other objects.

Until the recent improvements in technology, the
motion produced by pulsed magnets has been an
experimental interference. The motion is
produced due to the Lenz's Law interaction of a
pulsed magnet with an attached component
producing an asymmetric magnet field. A large
magnet for a particle physics moved about a
centimeter every time the upgraded magnet was
powered up, due to an attached component from
a previous experiment. Since the component
was no longer required, it was removed and the
motion ceased. A small magnet for a fusion
experiment moved several centimeters with the
once per second pulses of 2,000 volts and 600
amperes. Since the attached asymmetric
component could not be removed, the magnet
was allowed to slide back into its original
position. In this case, other interactions were
discounted because the experiment was located
in a laboratory with concrete block walls and
with no rebar in the floor.

The form of Lenz's Law for a loop with fixed
area is: V = -A (dB/dt), where V is the voltage,
A is the area of the plate, and B is the magnetic
field. In addition to mass penalties and costs,
increasing the magnetic field (B) is limited by
the physical stresses on the magnet.
Superconducting magnets can produce about 10
Tesla magnetic fields for years, but a 100 Tesla
field destroys the magnet after about 500 pulses
and a 500 Tesla field destroys the magnet after 1
pulse. There are substantial mass penalties and
costs associated with increasing the area (A).
The newly available switch allows more rapidly
varying the magnetic field (dt) without
significant mass penalties or costs. Modifying
the waveform, by adding more switches and/or
modifying the switches, could increase the
pulses per second and reduce the size and mass
of the system. Further system optimization
would be to increase the amperage
(superconducting magnets have been run at
kiloamps); to modify the waveform of the switch
(to provide more of the pulse in the ramp-up and
less in the flat-top); and to reduce the size, mass,
and complexity of the interfaces between the
power supply and the switch and between the
switch and die magnet (e.g., reducing the need
for transformers and/or using superconducting
transformers).

The primary components of such a PPS would
consist of the switches; low temperature,
superconducting magnets; and an electrical
power supply.

In FY 2000, an IR-100 award was earned by
Diversified Technologies of Bedford, MA
(http://www.divtecs.com), for the development
of a high power solid-state switch. The $6K,
7"X7"X3" switch can provide 100 nanosecond
ramp-ups at a rate of 0.4 megahertz (MHz), and
at 9,000 volts and 30 amperes. Allowing for the
duty cycle of the ramp-ups and ramp-downs, the
switch provides an integrated power of about
250 KWe. Compared to previous switches, the
new switch is more compact, of lower mass, 10
times more energy efficient (only a 0.2% energy
loss), and has 1000s of times higher reliability
than vacuum tubes. Since the new switch has a
pulse rate 10 times faster than previously
available, the mass of the magnet can be reduced
by a factor of 10.

Another recent improvement in technology
which contributes to the possible enabling of a
PPS, is a the low temperature superconductor
that has recently become available which
operates at 2,000 amperes per square millimeter;
i.e., 10,000 times more than a non-
superconductor (Barletta, 1999). High
temperature superconductors carry 20 times less
amperage and would probably not be able to
tolerate the magnetic fields and/or the pulsed
power.

To produce an asymmetry in the magnetic field
for the Lenz's Law interaction, a plate would
need to be attached to one end of the magnet. To
prevent the energy from the pulse being carried
away as induced current, the plate would need to
be insulated during the ramp-ups. To prevent
oscillations during the ramp-downs, the plate
would to be uninsulated until the next ramp-up
(by using a voltage-regulated switch with a timer
to connect the plate to a drain during the flattop
of the pulse and then disconnect the plate from
the drain before the next ramp-up).

Experiment

The proof-of-principal laboratory experiment
should initially use 1 switch, 1 magnet, and
externally supplied power. The experiment
could use the commercial-off-the-shelf (COTS)
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switch and a commercially available cable for
the superconducting magnet. As with the
designs for other types of experiments, the
cryostats would need to be electromagnetically
non-interacting.

Superconducting cable consists on up to 60
superconducting wires in a parallel conductor
configuration. Allowing 500 nanoseconds
during each power pulse to connect the plate to
the drain, drain the plate, and reinsulate the plate,
indicates about 2,000 feet of superconducting
wire would be required for the propulsion
magnet (to convert the electrical energy to
propulsion in the remaining 2,000 nanoseconds
of the power pulse). Reconfiguring 20 of the
wires in the cable to be a series conductor would
result in 100 feet of cable being required for the
propulsion magnet. This configuration would
convert each power pulse from the switch into 20
pulses of the magnet (8 MHz) and allow 20
passes through the magnet to convert each power
pulse into propulsion, if the returns can be tuned
to increase the ramp-up without producing a flat-
top. Only about 5 KWe (2%) of the 250 KWe
may be converted to propulsion since the ramp-
up is only 4% of the duty cycle and the ramp-up
starts at 0% power and increases to 100% rated
power (i.e., averages 50% of rated power). As
the ramp-up continues to build, the wires would
be carrying 300 amperes (20 passes at 50% rated
power). If a 2 g acceleration is produced, each
pulse of the magnet would result, on average, in
0.6 milliwatt-seconds being converted into 1.2
microns of lateral motion on a supporting
surface. With 32 windings and a 1-foot
diameter, the magnet would have a height of
about 3 feet. The cable would have a mass of
about 25 kilograms. The magnet, with the
cryostat, would have a mass of > 50 kilograms
(excluding the plate).

A holdup magnet (without a plate) would be
required to allow the unused energy to be
returned to the switch with the correct timing for
the next power pulse. Reconfiguring the 60
wires in the cable into a series conductor would
result in 40 feet of cable being required to return
this 2,400 nanoseconds of the power pulse. The
holdup magnet would be similar in size and mass
to the propulsion magnet. The wires in holdup
magnet would only be carrying 30 amperes.

PPS assessment criteria (Millis, 1997) include:
"must... induce a unidirectional acceleration ...
be controllable ... sustainable ... be effective

enough to propel the vehicle ... satisfy
conservation of momentum (and) energy .. .can
be ... carried ... on the vehicle (and) consistent
with empirical observations." (Millis, 1997).

Although the proposed PPS appears consistent
with empirical observations and conservation of
energy is not an issue, the following tests are
required to confirm this and to determine if the
other PPS criteria are met:

1. Confirm uni-directional motion (net external
force) is produced (e.g., not limited to
oscillations).

2. Confirm momentum is conserved without
pushing off or pulling toward other objects
(voltage regulated switch locked to drain
should result in no motion; and locked to
insulated mode should result in oscillations).

3. Confirm the system is effective enough to be
carried on a vehicle and propel a vehicle (by
measuring acceleration produced against
power input). Given the potential for high
energy efficiency, this type of PPS may be
capable of producing near the theoretical
maximum conversion of 20 kg/kWh for a 1
g thrust-per-power.

4. Confirm the system is sustainable (by long
duration runs). The DOE Office of High
Energy and Nuclear Physics is providing
funds for the Alpha Magnetic Spectrometer
(AMS) to be flown on the International
Space Station. Most of the mass of this 7-
ton detector is a superconducting magnet,
which will operate for 3 years without
maintenance. The magnet has 90 km of
superconducting cable and an 800-watt
cooling system.

Although the proposed PPS appears readily
controllable, this could be confirmed by follow-
on laboratory experiments with additional
switches and magnets.

Demonstration

A sub-orbital demonstration vehicle would
require an on-board electrical power supply, such
as the 30 KWe "microturbine", commercially
available from Capstone Turbine Corporation of
Chatsworth, CA
(http://www.capstoneturbine.com). Extensive
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modifications would be required for this COTS
power supply.

To match the microturbine, 6 switches (@ 5
KWe) would be required to convert the 30 KWe
into propulsion. By configuring all 60 wires of
the propulsion magnet into 3 sets of 20
conductors in series, the same propulsion magnet
(and holdup magnet) could be used from the
above experiment, if the switches can be tuned to
have their ramp-ups build and not produce a
flattop. With 2 switches for each set of 20
conductors in series, the propulsion magnet
would be carrying 600 amperes, whereas the
holdup magnet would be carrying 180 amperes
(from the 6 switches). Since the propulsion
magnet would still be operating at 8 MHz, a 2 g
acceleration (a net of 1 g over gravity) would
result in each pulse of the magnet, on average,
converting 3.6 milliwatt-seconds into 0.6
microns of vertical motion (for this more
massive object moving against gravity).

Given the maximum conversion of energy to
propulsion noted above (10 kg per KWH for a 2
g acceleration), the mass of the demonstration
vehicle would need to be kept below about 300
kilograms (including about 2 kg of fuel/oxidizer
per KWH). Test stand runups could initially be
performed with air, and then with an on-board
oxidizer (e.g., LOX).

Applications

Possible NASA missions for this type of PPS
would include the manned mission to Mars and
the interstellar "precursor" probe. If the solid
state PPS can provide a continuous acceleration
of up to 0.2 g, the transit times for robotic
missions would be reduced from years to months
and for manned missions from months to weeks.
As discussed below, the mass of the reactors/PPS
may be only about 20% of the vehicle mass for a
0.2 g acceleration.

For launches within gravitational wells, specific
power (KWe/kg) is the critical factor (which
requires chemical based power supplies). For
transits through the solar system and beyond,
specific energy (KWH/kg) is the critical factor
(which requires nuclear based power supplies).
A space-based reactor with a specific mass of
< 18 kilograms per KWe and a conversion
efficiency of < 30% can be available with
existing technology in 5 years for units with
< 0.3 MWe and 10 years for units of > 1 MWe

(Houts 2001, Lenard 2001, Lipinski 2001, Polk
2001, and Poston 2001).

The solid state PPS, with about a 0.1 MWe
reactor, should be suitable for most robotic
missions. For example, this sized system would
provide more payload, power, and data return
capability for such missions as the (precursor)
"interstellar probe" to the heliopause at about
200 AU and on into the interstellar medium to
about 400 AU (Liewer, 2000). Using the
maximum conversion efficiency noted above
(100 kg per 0.2 g acceleration), 90 KWe may
result in a vehicle mass of up to 9 tons (what a
Delta IV heavy can take to an escape orbit) and
would use an optimized propulsion magnet. To
match the 90 KWe, would require 18 switches
(@ 5 KWe), with 6 switches connected to each
of the 20 conductors in series, if the switches can
be tuned to produce ramp-ups and not a flat-top.
The wires in the propulsion magnet would be
carrying 1,800 amperes and the wires in the
holdup magnet would be carrying 540 amperes.
The size and mass of the magnets would be the
same as for the experiment and the
demonstration. Since the propulsion magnet
would still be operating at 8 MHz, a 0.2 g
acceleration, would result in each pulse of the
magnet, on average, converting 11 milliwatt-
seconds into 0.1 microns of motion (for this
much more massive object). Scaling from the
AMS magnet, > 10 watts of cooling would be
required for each magnet.

At the maximum conversion efficiency, the solid
state PPS, with a 1 MWe power supply, may be
able to propel a 100-ton, manned vehicle at 0.2 g
for manned missions within the solar system.
Reactors can be placed in Earth orbit in a non-
critical configuration. All subsequent departures
and returns could be to the lunar polar orbit
which faces the maximum distance away from
the Earth. For launches to and returns from LEO
and the polar lunar orbit, the same type of
vehicle could be used, except with a chemical
based electrical power supply. With the
maximum conversion energy to propulsion and
fuel/oxidizer consumption per KWH noted
above, a vehicle to LEO would require at least
7% of the vehicle mass for fuel/oxidizer. The
solid state PPS may also be able to provide
substantial maneuver capability for manned and
unmanned vehicles. Providing an acceleration of
0.4 g (increasing the mass of the reactors/PPS to
40% of the vehicle mass), would allow for
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nuclear powered landers for Mars and most
moons.

To convert 1 MWe into propulsion would
require 200 switches (@ 5 KWe); i.e., 11 or 12
of the 90 KWe (optimized) propulsion magnets.
For the propulsion magnets, the rep rate (8
MHz), size, mass, power conversion per pulse,
motion, cooling, and amperes would be the same
as described above for the robotic missions.
Three holdup magnets would be required (each
operating at 2,000 amperes), and with the same
size, mass, and cooling as described above.

The NASA BPP interest in PPS is because the
potential ISP is in the billions of seconds, as
compared to < 480 seconds for rockets and
< 5,000 seconds for ion drives.

The solid state PPS may be able to provide:

1. Substantially reduced thermal signatures for
aerospace craft and substantially reduced
acoustical signatures for military and
commercial aircraft, surface ("electric")

. ships and submarines (for the protection of
the astronauts and the ISS, the AMS
magnetic is being designed to minimise
stray electromagnetic fields).

2. Cost-effective boost and maneuver for trans-
atmospheric vehicles and for orbital vehicles
to transfer from one orbit to another
(possibly including real time, varying
adjustments over each ISS orbit).

3. Commercial supersonic flight.

4. Significantly reduced vibrations and
acceleration/deceleration from
launch/deorbit.

5. Elimination of the need for tiles.

6. Powered landings.

7. The additional safety of twin engines, either
of which may be able to return the vehicle
(with a lifting body fuselage for additional
safety inside the atmosphere).

With this type of propulsion system, it might be
possible to dampen inertia. Using < 20
femtosecond pulses, a 10 g acceleration could be
divided into 0.01 angstrom increments, which
may allow the biological cells time to recover

from each short burst of acceleration. This
approach should lend itself to microfabrication.
For example, using a 1 megahertz switch (under
development by the vendor)), an integrated
circuit with 50 million micromagnets would be
required to convert 5 KWe to propulsion without
inertia. Each micromagnet would have about 5
microns of wire to convert 0.1 nanowatt-seconds
per pulse into propulsion. Since the
micromagnets would be in series, they would
need to fail closed. Since 10 square microns of
wire are required for each unit, 10 micromagnets
in parallel in each unit would allow the
micromagnets to fail closed. By more rapidly
varying the magnetic field, such a system may
also increase the conversion efficiency of
electrical energy to propulsion. The cooling
requirements may also be reduced.

Summary/Conclusions

By using very rapidly pulsed magnets, it may be
possible to develop a propulsion system that
does not rely on propellants. If successful, such
a system would substantially reduce the cost of
the spacecraft and would reduce the transit times
for robotic missions from year to months and for
manned missions from months to weeks.
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ABSTRACT

One of the challenges of interstellar travel being to
discover a self-contained means of propulsion that
requires no propellant, it has already been shown that a
solution to the problem does exist, provided the system
is endowed with tensor mass properties. The aim of this
paper is to discuss a "propellantless" propulsion
concept based on electromagnetic fields to modify the
inertial properties of the system. Mass tensor properties
were found to be replicated in Electromagnetism in
connection with the still standing Abraham-Minkowski
controversy. An experiment to settle the question has
been implemented which consists of mounting the
device as a seismic mass atop a mechanical suspension.
Results gathered during the 1993 - 1997 period
consistently point to a mechanical vibration induced by
matter-EM field momentum exchange, as predicted by
Minkowski's formulation, after all other sources of
vibration were taken into account, or removed when
possible. Tests conducted since 1999 on a redesigned
experiment aiming at getting rid of most of the
identified spurious effects, yield comparatively sharper
and clearer evidence of sustained thrusting. However, it
must yet be seen as an "anomalous" effect, since the
system momentum is not conserved; thus further work
remains to be done to confirm these results.

INTRODUCTION

Human interstellar exploration may not be possible
without the discovery of a self-contained means of
propulsion that requires no propellant.1 This formally
translates into the problem of achieving "jet-less"
propulsion of spaceships that can then be seen as closed
systems, i.e., without external assistance or mass/energy
exchanges with the surrounding medium. It follows

from this picture that the 4-Momentum of the system
should be conserved. As already shown, a formal
solution to the problem does exist, provided the system
is endowed with tensor mass properties. This is
embodied in the Covariant Propulsion Principle (CPP)
which derives from a mass tensor description of the
closed system consisting of the rocket driven spaceship
and its propellant mass, provided the "solidification"
point is other than the system center of mass, within a
relativistic covariant formulation.2

The mass tensor formulation shows that the propulsion
effect is to be related to the deviatoric part of the tensor,
which exhibits the particularity of producing a non-
vanishing linear momentum in the spaceship comoving
Lorentzian frame. This can be seen as the physical
signature of a non-diagonal 4-mass tensor. The situation
is reminiscent of the concept of static EM field
momentum which can develop in the rest frame of a
physical arrangement of electric and magnetic sources
including polarizable media, as depicted in Fig. 1.

Different theoretical results are possible depending
whether Planck's principle of inertia of energy is
satisfied or not in the relationship between the Poynting
vector (energy flow density) and the electromagnetic
momentum density.3 These different results are
basically Abraham's and Minkowski's forms of the EM
momentum density, as the three dimensional expression
of the so called "Abraham-Minkowski controversy"
about the correct Energy-Momentum tensor of EM
fields in polarizable media. The controversy, lasting
since 1909, strikingly remains as a yet unsolved issue of
Physics.4'5 Supporters on the theoretical aspect split
about equally between the two forms, according to
literature reviews, while existing experimental evidence
does not allow to draw definite conclusions.

* Project Manager, Applied Research Center, Member AIAA.
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Mech. Energy Flow = - EM Energy Flow M = (m0 + me)I + (pE A v) / c£ . (1)

DIELECTRIC
CONDENSER PLA

EM Momentum Density

: EM Energy Flow / CQ

= EM Energy Flow / c2

Fig. 1 Different determinations of the EM momentum density
in the "matter" rest frame with polarizable media.

In the present work, by using Minkowski's formalism,6"
8 a non-vanishing momentum of electromagnetic origin
is shown to arise for the particular device depicted in
Fig. 1. The whole system would then enjoy tensor mass
properties of electromagnetic origin, when viewed as a
single particle at rest in the "matter" subsystem frame.
It follows that the EM field, given suitable charge and
current distributions, can modify the inertial properties
of the generating device, giving rise to the possibility of
obtaining mechanical impulses on the device, not
undergoing any exchange of mass-energy with the
surrounding medium, as stated by the CPP. A
propulsion concept based upon this kind of inertia
manipulation mechanism is subsequently drawn; the
experimental setup built to test that concept is
discussed, as well as the obtained results and the
applied signal processing techniques.

THRUST BY TENSOR MASS "WARPING"

The Relativistic Rocket Approach
A fully covariant reformulation of the relativistic rocket
motion has been achieved and the two-particle and one-
particle models of the related physical system were
analyzed in Ref. 2, together with the effect of a
generalized "solidification point" location, w.r.t. the
center of mass (c.m.) location. When the whole system
(Rocket •+• Ejecta) is analyzed as a single particle
located at the "Rocket" system c.m. (or any "structural"
point), a mass tensor is readily found as related to the
whole system which reads in geometric notation

where mo and nig* represent the masses of the rocket
and of the ejecta in the rocket rest frame, I is the
identity 4-tensor, pE the 4-momentum of the ejecta and
v the 4-velocity of the "solidification point". For a
closed system (f = 0),

d(M-v) = M dv=-dM v, (2)

thus, the 4-acceleration of the chosen "solidification
point" is to be related to the rate of variation of the
mass tensor deviator, this being written as

(3)

Eq. (3) shows that to have zero "Rocket" 4-acceleration
for any 4-velocity, (dpE AV) must vanish, i.e., the
deviatoric part of the mass tensor variation must vanish.
It is also shown that this comes out as a necessary
condition for vanishing acceleration.

The Covariant Propulsion Principle
Now, to achieve 4-acceleration, anisotropy of the mass
tensor must follow at some instant and, as a result, a
non-vanishing 3-momentum shows up in the spacecraft
comoving Lorentz frame. An elementary algebraic
analysis shows that a mass 4-ellipsoid arises as a
"geometrical" representation of the mass tensor; a given
variation of this tensor, related to a propulsion effect,
can be viewed as a mass 4-ellipsoid warping, giving
rise to the Covariant Propulsion Principle: A spaceship
undergoes a propulsion effect when the whole system
mass 4-ellipsoid warps?1

The C.P.P. furnishes an alternative wording for the
Action and Reaction Principle (A.R.P.) which is known
to fail in relativistic mechanics even in its weak form; it
does not substitute the four-momentum conservation
law, but extends its meaning to complex systems when
they are represented as pointlike particles which are not
collocal with the whole system center of mass. They are
both derived concepts which allow, in their domains of
validity, for an intuitive representation of the involved
propulsion mechanisms. In the same way the A.R.P.
allowed for the "mass-spring" analogy as an intuitive
model, the C.P.P. allows for the essentially geometrical
analogy with the jetee motion of the ballet dancer,
during which she gets angular acceleration by retracting
her extremities onto the gyration axis, i.e., by warping
its inertia tensor in 3-D space. As for the propulsion
case, a linear acceleration/deceleration is achieved by
warping the mass tensor, which must be defined in
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Minkowski's 4-D space. A pictorial representation of
the propulsive effect is shown in Figs. 2 and 3, where a
mass ellipsoid is assigned to a "Flatland" rocket system.

AT
(5)

Equation (5) expresses, as expected, the law of
conservation of the total system energy-momentum,
consistently with Equation (2). The change of the
mechanical (matter) momentum exactly balances the
change of the propulsion field momentum; momentum
is then being exchanged within the whole closed
system. The device works as a propulsion field
momentum "accumulator" whereas the mechanical
momentum that can be drawn from it is, by present
Physics paradigms, limited to the propulsion field
momentum amount.

Fig. 2 "Flatland" rocket at rest in its 3-D spacetime and the
corresponding mass ellipsoid.

Fig. 3 "Flatland" rocket after acceleration in its 3-D spacetime
and the corresponding mass ellipsoid.

Studies about inertia as something that could be
manipulated for propulsion purposes are not new, a
tentative explanation has already been undertaken on
the basis of the relativistic mechanics of extended
bodies under electrostatic pressures.9 However, the
C.P.P. allows for a general formulation of the problem,
provided a "propulsion field" of 4-momentum pF can be
ascribed to the whole system, analog to the rocket
ejecta subsystem. The system can then be viewed as a
single particle located at the "matter" system c.m. (or
any "structural" point) so that a mass tensor is readily
found as related to the whole system. The 4-
acceleration of the chosen "solidification point" now
becomes

m 0 d v = -(dpF A V ) - Y / C O . (4)

Thus, the 4-thrust on the single particle, in any arbitrary
frame, is given by

ELECTROMAGNETIC MASS TENSOR

Since mass tensor anisotropy means non-vanishing 3-
momentum in some convenient frame, question arises
about the general existence conditions of momentum of
electromagnetic origin in the "matter" comoving frame.
A fully covariant formulation of the problem requires to
consider the Energy-Momentum tensors for a closed
physical system consisting of "matter" and EM fields.
By applying the Law of 4-Momentum Conservation to
the particles and fields contained hi any four-
dimensional region of space-time bounded by a closed,
three-dimensional surface, the system 4-momentum is
found, for closed systems, to be conserved hi time.
Now, if the observer's frame coincides with the frame
where the "matter" is at rest when no EM field is
present, the condition for anisotropic mass tensor when
the EM field is ON, means that hi no case the system 4-
momentum aligns with the observer's 4-velocity.10

These are global consequences of mass tensor
anisotropy.

When consideration is given to the locality of the
energy-momentum conservation law, the following
relationship can be found for the volume integral of the
momentum densities11

f
J^ (6)

By introducing the relationship between energy flow
and momentum density, and assuming that Plank's
principle of inertia of energy does not necessarily hold
for the EM energy flux, such as a field of group
velocity c of electromagnetic waves propagation exists,
Eq. (6) becomes

American Institute of Aeronautics and Astronautics



c)2001 American Institute of Aeronautics & Astronautics or Published with Permission of Author(s) and/or Author(s)' Sponsoring Organization.

dt
SUPERCONDUCTOR DIELECTRIC

dV,

(7)

with w standing for the mass-energy density.

Transient Regimes
It can be seen that to obtain non-zero total momentum
for specific matter-field configurations, a non-vanishing
energy density variation rate is a sufficient condition. It
is a sufficient condition for any matter-field
configuration, provided Planck's principle of inertia
holds within polarizable matter too.

Mass tensor anisotropy, as related to a special frame,
can thus arise when net mass-energy fluxes take place
within closed systems where Planck's principle of
inertia holds everywhere, or, in other words, when the
system is under anisotropic non-equilibrium conditions.

Stationary Regimes
Eq. (7) becomes, for stationary regimes and any matter-
field configuration

[
i

r*iv

(8)

The quantity between brackets being div g^\ a non-
zero LHS is possible provided g^^ is not divergence-
free everywhere. This can be achieved for arbitrary
matter-field configurations if gradients of EM wave
propagation group velocity occur in the integration
region, i.e., as assumed for the derivation of Eq. (7),
Planck's principle of inertia does not hold within
polarizable media, in which case the energy-momentum
tensor becomes unsymmetrical. This is the case for the
setup shown in Fig. 4, where div s® = 0 everywhere and
a non-vanishing total EM momentum can only arise
from the RHS first term of Eq. (8). The contributions
for the volume integral come from the free surfaces of
the dielectric, through which jumps of the velocity of
light take place in the direction of the EM energy flux.

For this particular setup, transient regimes do not allow
to produce an EM momentum contribution since
energy density variation rates distribute symmetrically
throughout the setup regions.

CONDENSER
PLATES

Fig. 4 Stationary regime in the 'matter'rest frame with
polarizable media.

THE ABRAHAM-MINKOWSKI CONNECTION

A non-vanishing EM momentum in the stationary case
implies that the whole system Energy-Momentum
tensor is unsymmetrical; this is a rather uncomfortable
property for a system assumed to be a closed one.
Either the assumption that Planck's principle of inertia
of energy does not hold everywhere is false, or the
system is open and one must consider an extended
closed system to which the present one belongs. The
first possibility, as far as stationary regimes are
considered, completely precludes a closed system to
bear a tensor mass; the second possibility leads to the
question about what that extended closed system is like.
A hint comes from the fact that the "excess" EM
momentum behaves as an "external" stress in 4-space.
As a conjecture, if ZPF (Zero Point Field) were a
physical reality for describing inertia,12 that "excess"
EM momentum could be explained as a form of
"directed", anisotropic vacuum fluctuations of EM
energy. The sought extended system would then happen
to be space-time itself.

The existence conditions are consistent with the use of
Minkowski's Energy-Momentum tensor for the EM
field.3 By definition, the Relativistic Mechanics Laws
of Conservation are satisfied; the same being true,
nevertheless, for Abraham's Energy-Momentum tensor,
together with other forms of the electromagnetic
Energy-Momentum tensor. This is precisely the still-
standing4'5 Abraham-Minkowski controversy about the
form of that Energy-Momentum tensor, specially for
low frequency or quasi-stationary fields.3'13"15 It
reduces, basically, to the discrepancy around the
mathematical expression of the EM momentum density:
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AAbraham' s claim: g = (9)

Joule heating), which cannot account for the observed
effects.

AC

DIELECTRIC

Minkowski's claim: gM = (D x B) . (10) SUPPLY

The issue is thus highly relevant to "propellantless"
propulsion, since the resultant total EM 4-momentum
acts exactly as the generic propulsion field PF in Eq.
(5), so EM inertia manipulation becomes a theoretical
possibility. Experiments to definitely settle the question
were still missing besides some partialized attempts,16"19

leading to non conclusive enough results. A positive
answer for Minkowski's EM tensor would allow to
obtain "jet-less" propulsive effects by EM fields
manipulation; furthermore, it could mean an indirect
demonstration of the physical reality of ZPF.

A propulsion concept based upon this kind of inertia
manipulation mechanism can subsequently be drawn. It
basically consists on suitably grouping the sources of
electric and magnetic fields within a rigidly connecting
device, as depicted in Fig. 4. By doing so, a stationary
Minkowski's EM field momentum can develop thanks
to the dielectric filled region; by controlling the
intensities of these fields, the inertia properties of the
system as a whole, when represented by its "matter"
part - the device -, are allowed to change so that a
conversion of the EM field momentum into mechanical
momentum of the device is expected to happen, and
reciprocally; again if Minkowski is right. Nevertheless,
it must be realized that this device works as an EM
momentum "accumulator". The mechanical momentum
that can be drawn from, is, in accordance with present
Physics paradigms, limited to the "accumulated" EM
momentum amount.

ALTERNATE THRUST EXPERIMENTS

Experimental Setup Rationale
An electromagnetic momentum generator (EMMG),
based on the schematics of Fig. 5, was engineered up to
the "proof of concept" level and an experiment was
designed aimed to verify that: a) Minkowski's EM
Energy-Momentum tensor does properly describe the
electromagnetic field-matter interactions in polarizable
media, b) Global EM momentum in the matter rest
frame of a closed system is being generated, or,
equivalently for such a system, a non scalar 4-mass
tensor behaviour is being obtained, c) The experimental
thruster is applying mechanical forces on the test stand
without expenditure of mass, besides that equivalent to
the radiant energy dissipated from the system (e.g.,

SOLENOID
"BOX"

CHARGED
CONDENSER PLATES

Fig. 5 EM Momentum Generator schematics.

An experimental setup was accordingly built up which
consists of mounting the device as a seismic mass atop
a mechanical suspension. A supply of 6 A - AC (square
wave) to the coils and 4 kV - DC to the capacitors
allows for a total EM momentum (Minkowski's
formulation) of around l.E-8 Ns (square wave), by
using BaTiO3 ceramic dielectrics. The alleged
conversion of Minkowski's EM momentum into
mechanical momentum of the EMMG in turn generates
forces acting upon this device. By means of a square
wave activation of the device at a frequency close to the
fundamental frequency of the seismic suspension, the
supporting blade of the test fixture can be made to
resonate so an amplified upper end displacement
response is obtained.

Displacements in the range 10 "8 - 10 "7 m were to be
expected. Piezoceramic strain transducers were devised
to detect this range of displacements, taking into
account technological as well as financial constraints.
PZTs output voltages proportional to the strain level in
a broad dynamic range, achieving sensitivities (seismic
and acoustic threshold in controlled environments) up
to 10"11 m/m.20 This is two orders of magnitude lower
than the expected levels, as related to the sensing
fixture shown in Fig. 6. However, the full signal
includes ground and environment induced noise as
observed in preliminary testing. This microseismic
excitation can account for displacements comparable to
those expected to be caused by the investigated effect,
with a narrow band frequency response centered in the
first natural frequency of the sensing fixture.

Another source of unwanted noise is the residual
interaction between the coils and the Earth magnetic
field, which can account for equally comparable total
displacements, albeit with a deterministic distribution in
the frequency domain. A third source of noise relates to
the magnetic interaction between the moving and the
fixed parts of the AC and DC circuits (self magnetic
interaction), those belonging to the device atop the
resonant blade and to the external power supply
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respectively. It was also found to contribute to the
displacements on practically the same foot as the
formerly two mentioned sources but at twice the coil
activation frequency.

Current supply

E.M. Momentum
Generator

Sensor output

Thrust

Resonant blade

Fig. 6 Micromotion sensing concept.

Other sources of noise have been considered, too, like
air motion, electrostatic couplings, sound, radiometric
effects, spherics, etc, which can have a degrading effect
on the measurements quality, although to a lesser extent
than the forementioned sources. The overall estimated
effect amounts to -60 dB < S/N < -40 dB at the
transducer output and the need for further processing
arises. To this aim, the analog transducer output signal
is digitalized through a 12 Bit data acquisition board,
making it available to PC based storage devices.

Test Implementation and Philosophy
Two series of tests were conducted during the period
1993 - 1997. Only one measurement channel was
available along the first series of tests with no vibration
isolation provisions. The second test series included,
besides the main transducer measurement channel, a
dummy seismic fixture with its transducer and
measurement channel, a voltage supply measurement
channel, and a vibration-free table. In both series data
was acquired in 5000 samples sequences at a rate of
500 samples/sec. Power Spectral Density (PSD) using
Welch's averaged periodogram method was estimated
over a 2048 length frequency interval. The test
philosophy was based upon comparison of results in the
frequency domain, due to different excitation schemes.
These were: A) Ground induced noise. B) Coils ON,
capacitors OFF + (A). C) Coils ON, capacitors ON +
(A). D) Coils OFF, capacitors ON + (A).

Following modeling and simulation activities,
geomagnetic and self-magnetic interaction noises were
expected to appear in (B) and (C) as compared to (A),
while the influence of the capacitors should appear in
(C) as compared to (B) if thrust by inertia manipulation
is acting upon the device; no difference was expected to

arise beween (D) and (A), since static electric fields
alone cannot account for the vibratory behavior of the
sensing fixture.

First Test Series
Results corresponding to the first test series are shown
in Figs. 7-10 where, as expected, differences can be
observed between the (A) and (B) spectra, mainly
caused by geomagnetic noise. Differences can also be
observed between the (A) and (C) spectra, but there are
intriguing differences between the (B) and (C) spectra,
while again, as expected, no difference appears between
the (A) and (D) spectra.

Fig. 7 First test series PSD [V2/Hz] - Case (A)

Fig. 8 First test series PSD [V2/Hz] - Case (B)

Fig. 9 First test series PSD [V2/Hz] - Case (C)
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Fig. 10 First test series PSD [V2/Hz] - Case (D)

Second Test Series
Since a significant amount of ground induced noise was
observed during the first test series, a second test series
was performed with the improved setup as mentioned
before. It was also decided to proceed to intensive
signal processing so as to achieve a higher confidence
in the EMIM (Electro-Magnetic Inertia Manipulation)
effect detection. Data gathered during this second series
of tests, was firstly processed to achieve a system
identification on the basis of the ground motion
excitation only. An ARMA (Auto Regressive Moving
Average) model structure was then identified; later,
inverse filtering was performed for every output
sequence in order to obtain the equivalent ground
motion; then, filtering by the vibration isolation fixture
led to the reconstruction of the sensing device base
motion; finally, optimal filtering (Wiener filter) was
performed on the resultant ouput, using the EMMG
induced excitation as the "desired" signal.

Raw data exhibit, when transformed to the frequency
domain, nearly the same pattern as those of the first test
series. However, they show, after processing, a more
accurate spectral structure as related to the sought
excitation spectrum which consists of equal amplitude
odd harmonics of the square wave fundamental
frequency, as shown in Fig. 11. Spectrum (A) contains
low level residuals induced by the Wiener filter - a sort
of numerical artifact - as well as Spectrum(D);
Spectrum (B) does not match the "message" spectrum,
it better fits that of the geomagnetic noise square wave
excitation; Spectrum (C) shows a structure which
strongly suggests an alternate impulsive excitation, as it
turns out to be when a square wave EM field-matter
momenta exchange is present. The figures are
representative of around 16 sequences by case. Better
detectability can be obtained by means of statistical
analysis over the whole ensembles and adaptive noise
cancellation procedures, either on the raw output data
or on the inverse filtered output data.21"23
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Fig. 11 Second test series PSD [V2/Hz] - Case (A)
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Fig. 12 Second test series PSD [V2/Hz] - Case (B)
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Fig. 13 Second test series PSD [V2/Hz] - Case (C)
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Fig. 14 Second test series PSD [V2/Hz] - Case (D)
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SUSTAINED THRUST EXPERIMENTS

Third Test Series
Notwithstanding the improvements implemented on the
second test series, uncertainties still remained which
could account for the observed "positive" results,
regarding especially to:

a) Geomagnetic influence.
b) Numerical artifacts as in Figs. 11,14.
c) Colored ground noise centered around the

excitation frequency.
d) Air motion (ionic wind).
e) Power supply induced EMI.

In order to get rid of these interfering effects, the
experiment was modified during 1999, according to an
alternative formulation of the Abraham-Minkowski
controversy, this time in terms of force densities. If
dispersion is negligible and the medium is allowed to
be spatially inhomogeneous and anisotropic, Dt
Bt =nlKHK. The force densities are given by3'8

•,#tv///t,(ii)

-V (DE -ED}- V (BH -HB)

dt

(12)

With the isotropic medium approximation Eqs. (11) and
(12), reduce to

f = , (13)

fA=fl

These force densities clearly differ inside matter for
generic fields; they are however identical for static
fields, irrespective of the medium. If harmonic fields
are considered, the force densities instantaneous values
differ but their averaged values become identical and
therefore useless for discriminating between the two
formulations. This is the reason Walker&Walker's
claim,18 favoring Abraham's one, is essentially wrong
and the experiment remains inconclusive.

The EM inertia manipulation (EMIM) experiment was
modified in such a way that both D and B fields were
subjected to harmonic evolution. The averaged effect of
the total EM force was sought after, so Eq. (13) must be
used for its theoretical estimation as applied to the
schematics of Fig. 5. This estimation can proceed

straighforwardly by neglecting capacitor edge effects,
by considering the coils as a conducting "box" bearing
a negligible voltage w.r.t. to the capacitor plates and by
assuming that the polarization current within the
dielectric contributes to the second term of Eq. (13).

As a result, electric self-interaction, represented by the
first term of Eq. (13) and magnetic self-interaction
represented by the second term of the same equation,
simply cancel out. Since non-magnetic matter is
involved, contribution to the total EM force acting upon
the device comes from the third term. This contribution
is non-zero through the boundaries of the dielectric
filled volume. Since induced electric fields of
magnitude E, appear on these boundaries yielding an
unbalancing effect on the electric field of magnitude E
set by the capacitor, the integrated effect does not
cancel out in the E x H direction and can be written as

(15)

where AL represents the lateral open surfaces of the
dielectric. Application of the formula for parallel plates
capacitor of width d, Lenz's Law and Ampere's Law
for an infinite length solenoid of n turns, yields the
following expression for the EM instantaneous thrust,
as a function of the harmonic voltage V smcot on the
capacitor and the harmonic current / sin (CD t + (/>)

' = __£———— —sin2s7tcos0-sin2 srtsin^M •
cl \2 )

(16)

The averaged value then results

/ , srwnIVd
2cl

-sin (p (17)

with maxima at <p = ± n!2 . The results obtained with
Walker&Walker's experiment are consistent with this
formulation and can, as the authors readily did, be
interpreted in terms of the polarization current
contribution to the Lorentz force.

However, Eq. (17) must be seen as a conflicting result
if total momentum must be conserved, as stated
previously. In fact, the standard treatment of the
problem requires the polarization current to be excluded
from the magnetic contribution to the Lorentz force, the
self-magnetic interaction does not longer cancel out and
Eq. (16) must be corrected as follows

8
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(18)

where Vc stands for the capacitor volume filled with the
dielectric. By adopting the same assumptions as for the
derivation of Eq. (16), the second term of Eq. (18)
becomes

srarnIVd(\ . . 2 • \F(2) = —-——;——I —sin2crtcos^+cos art sin^? |
(2)

so the total "standard" force is

_c sr wnlVdF = - ———-——

and the averaged value goes to zero.

)

(19)

(20)

Therefore, the modified EMEM experiment should
allow to discriminate between the "standard" and the
presently proposed formulation of the averaged EM
force. To take advantage of the sensing device
characteristics, the voltage supply is reversed at a
frequency different from the supply frequency, so the
seismic setup is put into vibratory motion if the
"proposed" formulation is correct. By detecting this
force, the interfering effect (a) becomes averaged out;
direct detection also permits to overcome the interfering
effect (b) since no Wiener filtering is necessary; if the
voltage reversing frequency is different from the setup
natural frequencies, the interfering effect (c) becomes
less significant and air motion (d) being related to the
power supply frequency averages out too. Uncer-
tainties are expected to remain regarding interfering
effect (e).

Experiments were performed according to the test
philosophy of the preceding test series. A reversing
frequency of 30 Hz was chosen. Propulsive effects
show up only when the Caps ON - Coils ON condition
holds. Furthermore, maxima are obtained for a voltage-
current phase shift of nearly 90 degrees, as predicted by
the proposed formulation. A comparison of case (C)
results with the corresponding simulation results (dotted
line) is shown in Fig. 15, where a close agreement is
found for the response to the alleged EMIM averaged
force at 30 Hz reversing frequency. A comparison
between cases (A) and (C) is shown in Fig. 16. Phase
shift dependence is shown in Fig. 17, where
experimental PSD peak values at 27 Hz are plotted
against the voltage-current shift angle.

Frequency [Hz]

Fig. 15 Third test series PSD [dB] - Case (C) experimental
and simulation results.

Frequency [Hz]

Fig. 16 Third test series PSD [dB] - Cases (A)&(C).

30 60 90 120 150 180
Voftage-Cuirent Phase Angle [deg.] ___

Fig. 17 Third test series average PSD peak values [V2/Hz] @
27 Hz, with 90% confidence intervals.
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Spreading of the PSD peak values for a given angle was
initially thought being due to contributions of magnetic
interactions between the capacitor and the coil circuits
during non-synchronized voltage reversings and/or
between the capacitor circuit and the geomagnetic field.
However, order of magnitude estimations show those
interactions to be unable to account for the observed
deviations. Their source remains unknown, so far,
except for fluctuations of ground noise components at
the reversing frequency. Nevertheless, a slightly shifted
squared sine trend can clearly be seen to emerge from
the plotted data.

LAYMAN'S SUMMARY

Either to go to the stars or, more pragmatically, to
substantially cut down space transportation costs, new
propulsion mechanisms must be found which get rid of
propellants and/or conventional external assistance, i.e.,
the mythical "space drive" must still be invented.

Recent theoretical works show that jetless-sailless-
beamless-tetherless propulsion can be achieved by
manipulating the spaceship inertia in a way analogous
to a dancer who increases her angular velocity by
manipulating her body moment of inertia. To do that,
an "extended" spaceship including the fields it
eventually generates must be considered; a thrust then
appears on the "material" spaceship by means of
momentum exchange with its "field" complement.

This research has been conducted with the goal of
checking whether the electromagnetic field is suitable
for the above-mentioned purpose, since it can be shown
that a theoretical formalism (Minkowski's) gives credit
to that possibility. Experiments were designed and
performed which, in an exploratory phase, gave indirect
evidence of Minkowski's approach being valid. In a
second and ongoing phase, following slight changes of
the experiment implementation, direct and clearer
evidence of sustained thrust (as it should be for
operational propulsion) is being found.

However, the sustained thrust must, in principle, be
seen as an "anomalous" effect since the Law of
Momentum Conservation seems to be violated. This
casts doubts about the validity and/or interpretation of
the results and further experimental work, including in-
orbit testing, is required to arrive to safer conclusions.
If the effect still remains, propellantless propulsion
would have been achieved but additional theoretical
work will be needed for the full understanding of the
underlying physical principles.

CONCLUSIONS

Theoretical as well as experimental research about a
propellantless propulsion concept has been presented.
On the theoretical side, thrusting without reaction mass
or beamed power, seems to be possible by EM inertia
manipulation, provided existence conditions hold, as
those consistent with Minkowski's Energy-Momentum
tensor for the EM field. However, the validity of this
formalism is presently arguable under the still-standing
Abraham-Minkowski controversy, the main argument
being the unsymmetrical nature of that tensor.
Experimental elucidation of the controversy was sought
after and instrumented around a so called EMIM force-
producing device.

Tests performed during the period 1993 - 1997
produced results which after intensive data processing,
consistently pointed to a mechanical vibration induced
by mass/inertia tensor warping of the device, or matter-
electromagnetic field momentum exchange, as
predicted by Minkowski's formalism. However, no
direct detection of the sought effect has been obtained
up to now; the experimental setup overall detectability
needs further improvements, jeopardized by several
potentially interfering effects.

A third series of tests conducted during 1999 and 2000 on a
redesigned experiment to get rid of most of the identified
spurious effects, yield comparatively sharper and clearer
evidence of EMIM induced effects, albeit in contradiction
with null results predicted by the "standard" formulation of
global EM forces. Moreover, the results seem to indicate
that the system momentum is not conserved, casting severe
doubts about their validity; however, a conclusive
demonstration that this is absolutely forbidden by the laws
of Physics has not yet been provided and future
breakthroughs in understanding the nature of inertia and
motion may lead to more optimistics prospects. On the
other hand, the alternative formulation presented in this
paper correctly predicts peer-reviewed experimental results.

Further work still remain to be done to confirm these
results, especially from the viewpoint of power supply
induced EMI on the measurement channels, sharing the
same spectral signature with the pursued effect, which
could be overcome by means of Interferometer/Doppler
vibrometry techniques. Another noise source was
identified as being related to self-magnetic interactions
in wiring and windings of power-supply components.
Although efforts have already been made to filter out its
influence from the experimental data, safer results will
be obtained by a substantial increase of power. This
will allow to use a reversing voltage frequency close to
the fundamental frequency of the sensing device, in
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order for the alleged observable effect to show up well
over the ground induced noise. In-orbit testing will
indeed provide final answers, by simultaneously getting
rid of all mentioned interferences.
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Abstract

Experimental work to: (a) determine em field
characteristics associated with em radiation created by
alternating current flowing through toroidal coils at
resonant frequencies, and (b) determine if the specially
conditioned em fields associated with such radiation
could cause a discernable gravity modification, is
described. This experimental work was the result of
collaboration between Flight Unlimited (FU) and
Hathaway Consulting Services (HCS), performed at
the laboratories of HCS in Toronto, Canada during a
test period in 1998 and during a test period in 2000.
Tested torrid configurations included: circular toroids
with differing diameters and winding densities; and
asymmetrical toroids for focusing em radiation into
narrower and more intense beams. The toroid
configurations and the AC power and instrumentation
systems available at HCS limited the experimental
work to the relatively low radio frequencies (400 kHz
to 110 MHZ) of the electromagnetic spectrum.

INTRODUCTION

Just as airflight was not revolutionized until propeller
propulsion was superceded by a new mode of
impulsion (jet propulsion), so spaceflight may not be
revolutionized until jet propulsion is superceded by a
new mode of impulsion (field propulsion). Field
propulsion would develop thrust by actions and
reactions of fields instead of by combustion and
expulsion of mass. And field actions and reactions
that would greatly reduce propellant (the major portion
of rocketship mass) and engine thrust requirements
would be those that would reduce the resistance of
gravity and inertia to ship acceleration.

One conceivable way of reducing the resistance of
gravity and inertia is by accomplishment of a favorable
coupling between those fields which underlie

"Copyright© 2001 by H.D. Froning Jr.
Published by the American Institute of Aeronautics

and Astronautics, Inc. with Permission

electromagnetism and gravity. But no significant
coupling of ordinary em fields with those that give rise
to gravity may be achievable because their essence is
completely dissimilar. Yang (1) notes that
"nonabelian" fields which probably give rise to gravity
are of more intricate topology and higher internal
symmetry than the "abelian U(l)" fields that underlie
ordinary electromagnetism. In this respect, Barren (2,
3) has identified two ways of transforming ordinary em
fields into specially conditioned em fields of
nonabelian form and higher than U(l) symmetry. One
identified way of creating such fields is modulating the
polarization of em wave energy emitted from
microwave or laser transmitters. Such polarization
modulation creates em fields of nonabelian form and
SU(2) symmetry within beams of radiated power that
can be focused into very narrow beams of very high
energy density. Thus an experiment to detect possible
gravity modifications within narrow polarization
modulated laser beams has been submitted to the
NASA Breakthrough Propulsion Physics (BPP)
program. This experiment is described in (4).

Another way of transforming ordinary em fields into
specially conditioned em fields of nonabelian form and
SU(2) symmetry is with toroidal coils through which
alternating current is flowing at resonant frequencies.
Barren (3) shows that such specially conditioned em
radiation includes - not only electric and magnetic
field energy - but A Vector potential field energy as
well. Barrett predicts that A Vector field intensity
maximizes at discreet resonant frequencies. Thus, if
an A Vector potential field underlies the essence of
gravitation, gravity modification might be possible in
the vicinity of toroids transmitting at such frequencies.

Fabrication and testing costs were significant for
polarization modulated laser beams. However, they
were found to be relatively modest for toroidal coils
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configured for operation in the lower (radio-frequency)
range of the em spectrum. Thus a cooperation between
Hathaway Consulting Services (HCS) and Flight
Unlimited (FU) was established to: test Barrett's
hypotheses as to specially conditioned em radiation
emitted from toroidal coils; and to determine if gravity
modification could occur within such radiation.
Probability of gravity modification by radio frequency
radiation from inexpensive toroids was deemed to be
very low. But it was hoped that the tests would reveal
interesting electromagnetic phenomenon and extend
our knowledge of electromagnetics.

TRANSMITTING TORPID ANTENNAS

EM wave propagation by transmitting toroid antennas
has been examined by various investigators for more
than a decade. Examples are U.S. Patent No.
4,751,515 awarded to Corum for an "electrically small,
efficient electromagnetic structure that may be used as
an antenna or waveguide probe" and U.S. Patent No.
5,442,369 awarded to Van Voorhies et al. for an
antenna that "has windings that are contra wound in
segments on a toroid form and that have opposed
currents on selected segments". In this respect, Barrett
(4) has shown that specially conditioned em fields of
SU(2) symmetry and nonabelian form can be created
by transmitting toroid antennas - as in Figure 1.

Equipotcntial lines
of (jh pattern

lines
of i pattern

Fig. 1 - A Vector Potential Patterns

The magnetic and electric fields which encompass a
transmitting toroid are accompanied by A Vector
potential fields, and the alternating current flow

produces overlapping A Vector potential patterns
which encircle the toroid ring, as shown in Figure 1.
These A Vector patterns combine into "phase factor"
waves which represent disturbances in A Vector
potential. The maximum disturbance in A Vector
potential occurs as phase factor wave intensity peaks at
the resonant frequencies where A Vector potential
patterns are exactly out-of-phase, and a predicted
pattern of these disturbances is shown in Figure 2.

Resonances
835 MHZ 2.5 GHZ 42 GHZ ETC

nulls -*- 1.67 GHZ 33 GHZ 5D GHZ

Fig. 2 - "Phase Factor" Wave Patterns

Resonant frequencies are determined by the shape and
dimensions of the toroid, and by the propagating
direction and speed of the alternating electric current
thru its windings. And, if an A Vector potential field
underlies the essence of gravitation, the probability of
gravity modification in the toroid vicinity would be
highest at resonant frequencies.
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INITIAL TORPID EXPERIMENTS

Initial experimental work involved: (a) fabrication of
transmitting toroid antennas that, according to (4),
should emanate specially conditioned em radiation;
and testing of the toroids at low power levels at the
laboratories of HCS in Toronto. The general goals of
this initial woric, which was performed on March 6 and
7 during 1998, were: perfection of techniques for
fabricating toroidal coils, detection of resonant
phenomenon indicative of A Vector potential
resonances with such coils; and identification of
problems associated with operating toroidal coils over
wide frequency ranges and at significant power levels.

Most of the goals of the initial work were achieved.
Toroid antennas with conventional and caduceus
windings were successfully fabricated, and although no
instrumentation (such as Josephson Junction arrays)
were available for directly detecting A Vector fields,
measured resonances (reversals in phase and
amplification of signal strength) were in good
agreement, as indicated in Figure 3, with Barren's
predictions predicated on occurrence of A Vector
fields. Heat generated by current flow within the
relatively thin windings of the toroids and their
relatively fragile styrofoam interiors limited input
power to less than 100 watts in the initial experiments.
This identified the need for thicker wires and stronger
structures for higher toroid power and temperature.

120

100

SO

data

• s 8
g g o w predicted

Resonance
1 2 3 4 5 4 7 f 9 10 11 12 13 14

Fig. 3 - Correlation of Theory and Experiment

FOLLOW-ON TOROID EXPERIMENTS

Because results of the initial toroid experiments were
somewhat encouraging, it was decided to have a
follow-on experimental program, which included
toroids configured for much higher power levels, at
HCS between June 9 and June 15.2000. It included:
(a) signal phase/amplitude tests to precisely determine

the resonant frequency characteristics of each different
transmitting toroid configuration; (b) magnetic field
measurements to map em field intensity in the vicinity
of each toroid; (c) propagation characteristics of toroid
radiation; and (d) limited gravitometer testing to
search for a gravitational disturbance at a one location
near one of the transmitting toroids.

Toroid Configurations Tested

To our knowledge, transmitting toroid antennas built
and tested by most other investigators have been
designed for communication purposes - with wires
loosely wound (widely separated) around the toroid's
ring in order to maximize far field intensity and range.
By contrast, our tested toroids were "tightly wound" to
maximize near-field intensity for possible gravity
modification - not far field range for communication.
Our tested toroids were "contra-wound" in a caduceus
pattern to allow 2 types of modulation. One, in which
current flowed in opposite directions in crossing wires,
resulted in an "opposing" or "bucking" mode which
caused opposing magnetic fields that cancel
themselves along the toroid ring centerline. The other,
in which current flowed in the same direction -
resulted in an "adding" mode. Figure 4 shows the 4
different toroid configurations that were tested during
the follow-on experimental program.

The loosely-wound toroid (upper left) was built for
comparing its near-field intensity with that of the
tightly wound toroid (lower left). Both toroids had
similar cross sections (approximately 4.0 cm) and the
same outer diameters (21cm) and wire size (No. 20).
The greater winding density of the tightly wound
toroid (350/333 inner/outer turns vs 26/25 inner/outer
turns) resulted in greater near-field intensity for a
given input power. The toroid in the upper right was
configured with a larger outer diameter (31 cm.) than
the lower left one and No. 20 wire size but its cross-
section is the same. The larger diameter resulted in
more windings (398/384 inner/outer turns of No. 14
wire). And the "tear drop" shaped toroid (lower right)
was configured to focus radiation into more intense
and elongated beams. Its length, breadth and
thickness was 26.5, 18.0, 2.5 cm. It had a hole
diameter of 7.3 cm; and 95/88 inner/outer turns of No.
14 wire. And, because of their stronger structure (hard
maple wood) and larger wire diameter, the tear drop
and larger diameter toroids could withstand the
heating associated with 1.0 KW of radiated empower.
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Fig. 4 - Toroid Configurations Tested

As in the first test series, resonant conditions (revealed
by reversal in signal phase and rise in signal
amplitude) were searched for at all ac frequencies
between 400 KHZ and 110 MHZ. This was done for
each toroid configuration for current opposing and
current adding modes of operation. Equipment used
for the resonance sweeps was an HP 4193 vector
impedance analyzer. Figures shows part of the test
set-up for detecting resonant modes for each toroid
configuration and each operating mode.

Although resonances were detected throughout almost
the entire 400 KHZ to 110 MHZ frequency spectrum
available at HCS, toroid radiation of significant power
was only achievable in the 1.0 to 20 MHZ range.
Resonant frequencies selected for measuring field
characteristics of each toroid were therefore within this
range. Selected resonant frequencies for the large
diameter toroid were 2.36 and 17.30 MHZ for current-
adding and current-opposing modes of operation,
while those for the medium diameter toroid were 2.36
and 18.30 MHZ. Selected resonant frequencies for the

tear drop toroid was 5.66 and 3.94 MHZ for current-
adding and current-opposing, while the current-
opposing, resonant frequency selected for the loosely
wound toroid was 19.70 MHZ.

Fig. 5 - Resonance Sweep Set-Up
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Toroid Field Intensity Measurements

Magnetic field intensity was measured out to 50 cm
from each toroid center, and along the upper and lower
surface of each toioid as well. For an applied power of
10W, the magnetic field component of each toroid's
radiation was measured by a small magnetic pick-up
coil shown in Figure 6, which converted the actual
magnetic field intensity into an equivalent electric field
strength (in micro volts per meter).

Fig. 6 - Magnetic Field Probe

Variation of the large diameter toroid's field strength
with range (out to 10 meters) was measured with
various types of antennas outside the HCS facility with
the test set up as indicated in Figure 7. Data consistent
with expected near-field signal strength variation with
range was measured when the toroid was radiating in
a current-adding resonant mode at 1.20 MHZ. But
measurements in a current-opposing resonant mode
were anomalous - in that no significant signal strength
variation with range was detected.

Search For Gravity Modification

Final toroid testing activity was searching for
gravitational field modifications within the specially
conditioned em field regions surrounding toroids
radiating at resonant frequencies. Gravitational
disturbances were searched for with a "Prospector
Model 420" gravitometer, manufactured by W. Sodin
Ltd, which is capable of detecting changes as small as
one-millionth of one percent of ambient gravity. This
gravitometer's stainless steel shell and aluminum base
does not provide complete magnetic field shielding.
But its dewar-enclosed, all-quartz mechanical balance
system is not influenced by ordinary em emissions.
Unfortunately, preceding test activities took longer
than expected, leaving time to search for gravity
modification for only one of the toroids (the large
diameter one) at only one location with respect to the
gravitometer. The limited time remaining also
required a very rapid toroid/gravitometer set up. This
was achieved by the positioning shown in Figure 8.

Fig. 7 -Toroid Range Test Set-Up Fig. 8 - Toroid/Gravitometer Set-Up
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TOROID TESTING RESULTS

Resonant frequencies between 400 KHZ and 110 MHZ
were obtained for each toroid. And, for the purposes
of mapping magnetic field intensity in each toroid's
vicinity, one resonant frequency was selected for each
operating mode for each toroid. Field intensity out to
10 m from the large diameter toroid was also measured
together with the influences of magnetically shielded
structures on its field intensity. Finally, the effect of
large diameter toroid field intensity on gravity
modification was explored The results of these efforts
are summarized in the following sections.

Toroid Resonance Determination

Resonant frequencies for current-adding and current-
opposing operating modes were obtained for each
toroid. Figures 9 and 10 show examples of the
resonances obtained for the large diameter and tear-
drop toroids throughout the 400 KHZ-110 MHZ radio
frequency spectrum available at HCS.

Toroid Field Patterns

Magnetic field intensity variation with radial distance
for the 3 circular toroids was similar with intensity
maximizing near the inner surface of each toroid's
ring. And, as would be expected, intensity diminished
rapidly with increasing distance above and outside
each toroid Figure 11 a and 1 Ib show no definite trend
with respect to the influence of toroid diameter.
Higher magnetic field intensity is achieved by the
smaller diameter toroid in a current-opposing mode of
operation while higher magnetic field intensity is
achieved by the larger diameter toroid in a current-
aiding mode. Figure 1 Ic shows a definite trend - with
increased windings over a given toroid geometry
resulting in increased magnetic field intensity.

Significant focusing of the electromagnetic energy
radiated from the asymmetrical "tear drop" toroid was
accomplished. Figure 1 Id shows that magnetic field
intensity is enormously greater at given distances
forward of the center of the toroid's hole than for the
same distances aft of the hole center. Figure 9d also
shows a top and front view of the tear drop toroid field
pattern for a given magnetic field intensity. It is seen
that more electromagnetic energy is focused into the
forward direction than into the aft or side directions

and that the toroids flattened shape (its reduced
thickness) causes less radiation to be dissipated in
directions transverse to the toroid plane.

One interesting discovery was formation, in the
circumferential direction, of standing em waves along
the upper and lower surfaces of transmitting toroids.
No standing wave measurements were made on the
loosely wound toroid. However, numbers of magnetic
field peaks and nodes measured circumferentially on
the top and bottom surfaces of the other circular
toroids were 8 for the medium diameter toroid and 10
for the large diameter one. And at least 6 magnetic
field peaks and nodes were measured on the top and
bottom surface of the tear drop toroid.

Attenuation of Toroid Field Intensity

Field strength attenuation with range from the center
of the large diameter toroid is shown in Figure 12. It
was about as expected when radiating at a resonant
frequency of 1.2 MHZ in a current adding mode of
operation, with a steep signal drop (greater than (1/r)3

out to about 1.0 meter and with an expected near-field
(1/r)2 variation between 3 and 10 meters from the
toroid. But measurements made with the toroid
radiating at a resonant frequency of 17.3 MHZ in a
current opposing mode indicated no significant
variation in signal strength at distances 3 to 10 meters
from the toroid. After continual measurements and re-
measurements with various types of antennas, we have
no definitive explanation for lack of signal strength
reduction with increasing range - other than the
possibility of operating slightly off resonance and a
significant drop in signal strength.

Additional anomalous behavior may also have been
observed for the large-diameter toroid -in that almost
identical signal strength was measured at a given
location and distance from the toroid when radiating in
free space and when radiating from within a
magnetically shielded ( mu metal) enclosure. These
results are considered inconclusive because stray
signals were detected from power supply leads which
were outside the shielded enclosure. Since measured
signals were almost identical for both shielded and un-
shielded conditions, and since it is unlikely that almost
all of the measured free space signal was from the
power supply leads, it is conceivable that some of the
toroid's em wave energy was propagated through the
magnetically shielded mu metal walls.
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400KHz
Current-Opposing Mode

Current-Adding Mode

Fig. 9 - Resonances for Large Diameter Toroid
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Fig. 10 - Resonances for "Tear-Drop" Toroid
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Fig. 11 - Magnetic Field Patterns in Toroid Vicinity
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Search for Gravity Modification

The possibility of gravity modification in the vicinity
of transmitting toroid antennas was briefly investigated
by use of the Prospector 420 gravitometer and the large
diameter toroid radiating up to 0.5 KW of average
power at the resonant frequencies associated with
current-aiding and current-opposing operation modes.
For these powers and operating modes, no discernable
gravity modification was detected for the single
toroid/gravitometer positioning that time allowed.

As previously mentioned, time limitations required a
rapid toroid/gravitometer test set-up which resulted in
the gravitational mass being located in a magnetic
field region whose intensity was subsequently found to
be much less than magnetic field intensity existing in
other locations. For the current opposing mode of
operation, measured magnetic field intensity at the
gravitometer test mass location was only about 15
percent of the maximum intensity measured near the
toroids inner diameter. And toroid magnetic field
intensity at the gravitometer test mass location was
only about 2 percent of the maximum measured
magnetic field intensity for the current-adding mode.

One conceivable reason for non-discernable gravity
modification is, of course, 5 to 50 times less em field
intensity at the single location probed by the
gravitometer, as compared to locations of maximum
intensity. But another reason could be dissimilarity in
field topologies associated with toroid em emanations
and gravity. And still another reason could be
enormous possible differences in the frequencies and
wavelengths characterizing gravitational fields and
those that characterize electromagnetic fields created
by transmitting toroid antennas.

SUMMARY AND CONCLUSIONS

Although interesting phenomenon are associated with
em fields created by alternating current flowing at
resonant frequencies through toroid coils, no
discernable gravity modification (caused by coupling
of these fields with those of gravity) was detected.

Interesting electromagnetic phenomenon were: (a)
standing em waves along toroid surfaces; (b) em wave
energy focused into more intense beams by
asymmetrical toroid shapes; and (c) possibly, em wave
propagation through magnetically shielded enclosures.

There might have been increased probability of
detecting a discernable gravity modification if there
had been time for gravitometer measurements in
regions where toroid field strength was much greater.

The possibility of anomalous wave propagation should
be confirmed or refuted by re-testing the large diameter
toroid within a magnetically shielded structure that
encloses both the toroid and its power leads.

Zero gravity modification within the radio frequency
em fields surrounding transmitting toroid antennas
should be confirmed by a gravitometer search
throughout the entire vicinity of the large diameter
toroid.
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Abstract

In the current paper the results of experimental research of magnetic-gravity effects are presented. Anomalous
magnetic and thermal changes within a radius of 15 meters from the researched device were measured as well.
PACS: 41.20.-q;44.60.+k;76.50.+q

Introduction

We have experimentally studied the physical ef-
fects in a system based on rotating permanent magnets
[1]. Below we describe the technology of manufacture,
assembly, and the results of testing this experimental
setup, which is referred to as the converter.

Received effects:
• Generation of mechanical energy in a self-

governing mode of operations;
• Change of weight of the converter;
• Formation of a local magnetic and temperature

fields as concentric cylinders around converter.

Description of the Experimental Setup

The basic difficulty arises in choosing the materials
and maintaining the necessary magnetic pattern ("im-
printing") on the plate and roller surfaces. To simplify
the technology we decided to use a one-ring design with
one-ring plate (stator) and one set of rollers (rotor). It is
obvious, that it was necessary to strengthen the rollers
on a rotor by the bearings and balance the rollers well.
In the suggested design, air bearings were used which
provided the minimum losses due to friction.

From the available description [1] it was not clear
how it is possible to make and magnetize the stator with
a diameter of about one meter. In order to make the sta-
tor from separate magnetized segments executed with
rare earth magnets with the residual induction of IT, the
segments were magnetized in a usual way by discharg-
ing a capacitor-battery energizer through a coil. After-
wards the segments were assembled and glued together
in a special iron armature, which reduced magnetic en-
ergy.

"Copyright © 2001 by Vladimir Roschin and Sergei
Godin. Published by American Institute of Aeronau-
tics and Astronautics, Inc. with permission."

To manufacture the stator 110 kg of rare earth
magnets were used. To manufacture the rotor 115 kg of
that material was used. High-frequency field magnetiza-
tion was not applied. It was decided to replace imprint-
ing technology described in [1] with cross-magnetic in-
serts having a flux vector directed at 90 degrees to the
primary magnetization vector of the stator and rollers.
For these cross-inserts the modified rare earth magnets
with residual magnetization of 1.2 T and coercive force
a little bit greater than in a base material were used.
Fig.l and Fig.2 show the joint arrangement of stator 1
and rotor, made up of rollers 2, and a way of their mu-
tual gearing or sprocketing by means of cross magnetic
inserts 19. Between the stator and roller surfaces air gap
5 of 1 mm is maintained.

1 2
Fig. 1. Variant of one-ring converter.

No layered structure was used except a continuous
copper foil of 0.8 mm thickness, in which the stator and
rollers was wrapped up. This foil had a direct electrical
contact to magnets of the stator and rollers. Distance be-
tween the inserts in rollers is equal to distance between
the inserts on the stator. In other words tj = t2 on a
Fig.2.

1
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Fig.2. Sprocket effect of magnetic stator
and roller inserts.

The ratio of parameters of the stator 1 and the rotor
2 on Fig.2 is chosen so that the relation of stator diame-
ter D to the roller diameter d is an integer equal to or
greater than 12. Choosing such ratio allowed us to
achieve a resonant mode between elements of a working
body of the device.

The elements of magnetic system were assembled
in a uniform design on an aluminum platform. Fig.3
displays the general view of the platform with the one-
ring converter. This platform was supplied with springs,
shock absorbers and had a possibility of moving verti-
cally on three supports. The possible vertical displace-
ment was 10mm and the induction meter 14 was used
for measuring this displacement. Thus, the instantane-
ous change of platform weight was defined during the
experiment in real time. Gross weight of the platform
with magnetic system in an initial condition was 350 kg.

The stator 1 was mounted motionlessly and the
rollers 2 were assembled on a mobile common rotor -
separator 3, which is connected with the basic shaft 4 of
the converter. Through this shaft the rotary moment was
transferred. The basic shaft by the means of friction

muff 5 was connected to a starting engine 6, which ac-
celerated rotor of the converter up to a mode of self-
sustained rotation. An ordinary DC electrodynamics
generator 7 also was connected to the basic shaft as a
main loading of the converter. Adjacent to the rotor,
electromagnetic inductors 8 with open cores 9 were lo-
cated.

The magnetic rollers 2 crossed the open cores of in-
ductors and closed the magnetic flux circuit through
electromagnetic inductors 8, inducing an electromotive
force in them, which acted directly on an auxiliary ac-
tive load 10 - a set of incandescent lamps with total ac-
tive power of 1 kW. The electromagnetic inductors 8
were equipped with an electrical drive 11 on supports
12. Driven coils were used for smooth stabilization of
the rotor rpm. The speed of the rotor also could be ad-
justed by changing the main loading 10.

To study influence of high voltage on characteris-
tics of the converter, a system for radial electrical po-
larization was mounted. On a periphery of rotor the ring
electrodes 13 were set between the electromagnetic in-
ductors 8 and had an air gap of 10 mm with the rollers
2. The electrodes are connected to a high-voltage
source; the positive potential was connected to the sta-
tor, and the negative - to the polarization electrodes.
The polarizing voltage was adjusted in a range of 0-20
kV. In the experiments, a constant value of 20 kV was
used.

In case of emergency braking, a friction disk from
the ordinary car braking system was mounted on a basic
shaft of the rotor. The electrodynamics generator 7 was
connected to an ordinary passive resistive load through
a set of switches guaranteeing a step connection to the
load from 1 kW to 10 kW - a set often ordinary elec-
tric water heaters.

1 2 9 1 3 1 1

' a/
|

14
N7

Fig.3. The general view of the converter and its platform.

Converter under testing had in its inner core the oil
friction generator of thermal energy 15 intended for di-
recting a superfluous power (more than 10 kW) into the

thermo-exchange contour. But since the real output
power of the converter in experiment has not exceeded
7 kW, the oil friction thermal generator was not used.

American Institute of Aeronautics and Astronautics
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OUTPUT POWER KW

1 2 3456 7

Cricical Mode Limit
Mode HV Polarization OFF
Mode HV Polarization ON

Fig.4. A diagram illustrating various operation regimes of the converter,
-G, +G changes in weight of the platform vs. rpm

Experimental results

The magnetic converter was mounted in a labora-
tory room on three concrete supports at a ground level.
The ceiling height of lab room was 3 meter. A common
working area of the laboratory was about 100 sq. me-
ters. Besides a presence of an iron-concrete ceiling in
the immediate proximity from the magnetic system
there was a generator and electric motor, which con-
tained tens of kilos of iron and could potentially deform
the field structures.

The device was started by the electric motor,
which accelerated rpm of the rotor. The revolutions
were smoothly increased up to the moment the ammeter
included in a circuit of the electric motor begin to show
zero or a negative value of consumed current. The
negative value indicated a presence of back current.
This back current was detected at approximately 550
rpm under clockwise rotation. The displacement meter
14 starts to detect the change in weight of the whole in-
stallation at 200 rpm. Afterwards, the electric motor is
completely disconnected by the electromagnetic muff
and an ordinary electrodynamics generator is connected
to the switchable 10 kW resistive load. The converter
rotor continues self-accelerating and approaches the
critical regime of 550 rpm when the weight of the
whole installation quickly changes.

In addition to dependence on a speed of rotation,
the common weight of device depends from output
power on the load and from applied polarizing voltage

as well. As seen on Fig.4, under maximum output
power is equal to 6-7 kW the change of weight AG of
the whole platform (total weight is about 350 kg),
reaches 35 % of the weight in an initial condition Gj.
Applying a load of more than 7 kW results in a gradual
decrease of rotation speed and an exit from self-
sustained mode (right sides of the curves on Fig.4 for a
7 kW loading).

The net weight Gn of the platform can be con-
trolled by applying high voltage to polarization ring
electrodes located at a distance of 10 mm from external
surfaces of the rollers. Under a high 20 kV voltage
(electrodes have a negative polarity) the increase of
tapped power of the basic generator more than 6 kW
does not influence AG if rotation speed is kept above
400 rpm. "Tightening" of this effect is observed as well
as the effect of hysteresis on AG at rotation of a rotor
on a clockwise and counter-clockwise (a kind of "resid-
ual induction"). The experimental diagrams given on
Fig.4 illustrate the -Kj and -G changes in weight of the
converter vs. rotor rpm. The effect of a local change of
the platform weight is reversible, relative to the direc-
tion of rotor revolution, and has the same hysteresis. A
clockwise rotation causes the critical regime to occur in
area of 550 rpm and a propulsion force against the di-
rection of gravitation vector is created. Correspond-
ingly, a counter-clockwise rotation causes the critical
mode to occur the in area of 600 rpm and a force in the
direction of gravitation vector is created.

American Institute of Aeronautics and Astronautics
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The difference in approach to a critical regime of
50-60 rpm was observed. It is necessary to mention
that the most interesting region are situated above the
critical area of 550 rpm, but due to of a number of
circumstances the implementation of such research was
not possible. Probably, there are also other resonant
modes appropriate to higher rpm of a rotor and to the
significant levels of useful loading and weight chang-
ing. Proceeding from the theoretical assumptions, the
dependence of tapped mechanical energy from the pa-

rameters of magnetic system of the converter and rpm
of a rotor has a non-linear character and the received ef-
fects are not optimum. From this point of view, the re-
vealing of a maximal output power, of maximal change
of weight and converter resource represents a large
practical and scientific interest. In tested sample of the
converter the using of higher rpm was inadmissible be-
cause of unsufficient mechanical durability of the mag-
netic system, which has been stuck together from sepa-
rate pieces.

6+1 kW

N,ipm
Output electrical Power of Converter

12-15 minutes
1+1 kW 2+1 kW 3+1 kW 4+1 kW 5+1 kW I* ^ . - .J——*I Wonoijg

35% dG

Fig.5 Diagrams of rotor accelerating and loading of the converter.

On Fig.5 the dependence of total weight of whole
installation and its output power directed into active
loading from rpm of a rotor of the converter is ex-
plained in detail. The diagrams are constructed for a
case of HV polarization ON (top diagram) and HV po-
larization OFF (bottom diagram). The time from start-
ing of the engine up to a mode of self-sustaining of the
converter at the rotation of a rotor clockwise approxi-
mately is equal 1.5 minutes. Power of starting DC en-
gine was about of 2 kW and reduction on a shaft of the
converter was equal 1/10. At achievement of a critical
mode (550 rpm.) the change of gross weight of a plat-
form already achieves +/-30% from Gj. Under transition
to resonant mode the revolutions with the large accel-
eration have increases up to 590 rpm and weight has
changes up to + 7-35% from G\. This point on the dia-
gram begins at once after a critical point (inclination of

a curve ai). At achievement of 590 rpm the first stage
of active loading 1 kW is connected to the electrody-
namics generator. The revolutions have a sharply reduc-
ing and AG also is changing. As soon as the revolutions
begin to grow again, the second switchable loading is
connected and rotor rpm are stabilized at a level of590-
595 rpm. AG continues to change. The increasing of
switchable loading occurs by steps on 1 kW up to total
power of 6 kW. All intervals are equal approximately of
10-30 sec. Afterwards the short-term increasing of revo-
lutions and then the full stabilization of the 6 kW output
during of 12-15 min was observed.

More than 50 launches of the converter with an ab-
solute repeatability within three months were carried
out. It is necessary to note that revolutions will grow
with acceleration shown on Fig.5 by angles ai...a5, if
do not switch on the next step of loading to the genera-
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tor at rpm increasing. For returning to a previous rpm
mode it is necessary to switch on a twice more loading.

The words above concern a mode with switched
ON a high voltage polarization of 20 kV, "plus" is on a
grounded stator. Without polarization voltage (lower
curve on Fig.5) the diagram is approximately the same,
but is well indicated the more soft character of a loading
and faster changing of weight of a platform due to de-
creasing of rpm.

Other interesting effect is corona discharges, which
was observed at the work of the converter in a dark
room. At this, around the converter rotor a blue-pink
glowing luminescence and a characteristic ozone smell
were noticed. On Fig.6 the cloud of ionization covers
area of the stator and rotor and is having accordingly a
toroidal form.

Fig.6. Corona discharges around the converter.

On a background of luminescence glowing on the
roller surfaces, we distinguished a separate «wave pic-
ture». A number of more vigorous strips of discharges
around the rollers were observed. These discharges
were of a white-yellow color but the characteristic
sound for arc discharges was not audible. There were
not noticed any erosive damages by arc discharges on
surfaces of the stator and the rollers as well.

One more effect previously not mentioned any-
where was observed - the vertical concentric magnetic
"walls" around the installation. We noticed and meas-
ured a permanent magnetic field around the converter
within a radius of 15 meters. For this magnetic field
measurement a Russian made magnetometer F4354/1
was used. Magnetometer had a Hall-effect sensor in a
copper shielding. The zones of increased intensity of a
magnetic flux 0.05 T, located concentrically from the
center of the installation were detected. The direction of
the magnetic field vector in these walls coincided with
direction of magnetic field vector of rollers. The struc-
ture of these zones was like the Bessel function of zero
order of two arguments. No any magnetic fields were
registered between these zones by portable magnetome-
ter. The layers of increased intensity were distributed
practically without losses up to a distance of about 15
meters from a center of the converter and had a quick
decreasing at a border of this zone. The thickness of
each layer was approximately of 5 - 6 cm the border of
each layer was very sharp. The distance between layers
was about of 50 - 80 cm where the upper value is seen
when moving from center of the converter. A stable pic-
ture of this field was observed as well as at a height of 6
m above the installation (on the second floor above the
lab). Above the second floor, measurements were not
carried out. The similar picture was observed and out-
side of a room of laboratory, directly in the street, on
the ground. The concentric walls were strictly vertical
and no had appreciable distortions. The Fig.7 illustrates
the schematic placing of the converter in a room of
laboratory and arrangement of concentric magnetic and
thermal fields around the installation.

30 M

Fig.7. Schematic placing of the converter and field patterns in lab room.
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An anomalous decrease of temperature in a vicinity
of the converter was also found. While the common
temperature background in laboratory was 4- 22°C
(±2°C) the stable fall of temperature of 6-8°C was no-
ticed. The same phenomenon was observed in concen-
tric vertical magnetic walls as well as. The measure-
ments of temperature inside the magnetic walls were
carried out by an ordinary alcohol thermometer with an
inertia of indication about 1.5 min. Inside the magnetic
walls the temperature changes can even be distinctly
observed by hand. When the hand is placed into this
magnetic wall the cold is felt at once. A similar thermal
picture was observed at height above the installation,
i.e. on a second floor of the laboratory as well as despite
the steel-reinforced concrete blocks of a ceiling and also
on an open air outside of the laboratory.

Concentric magnetic walls and accompanied ther-
mal effects begin to appear approximately from 200
rpm and have a linearly increasing with speeding up of
revolutions up to a critical regime. The measurements
above 600 rpm were not made because of fear of de-
struction of magnetic system. On Fig.8 the curve of in-
tensity of magnetic field in mT and change of tempera-
ture in Celsius degrees due to rpm changing is repre-
sented.

H
mT

rpm x 100

Fig.8. The dependence of intensity of magnetic
field and changes of temperature vs. rotor rpm of the
converter.

Discussion
All the results we obtained are extremely unusual

and require some theoretical explanation. Some theo-
retical approaches and phenomenological descriptions
can be found in our book [2], Unfortunately, interpreta-
tion of these results within the framework of conven-
tional physical theory cannot explain all observed phe-
nomena especially the change of weight. We can inter-
pret change of weight as a local change of gravitation or

as some propulsion force like a propeller work in air.
Only a role of a propeller the magnetic system is play-
ing, and a role of air - the quantum environment - ether
filled with a "dark matter and energy". Direct experi-
ment, which would has confirming the presence of a
propulsion force was not performed, but in any case
both interpretations of the weight change do not corre-
spond to the modern physics paradigm.

In conclusion we would like to emphasize that is-
sues of biological influence and especially effects of
unknown radiation around of the converter were not
considered at all. Our own experience allows us to do
only cautious assumption that the short-term stay (dozen
minutes) in a working zone of the converter with fixed
output power of 6 kW remains without observed conse-
quences for exposed persons.
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RAPID SPACETIME TRANSPORT AND MACHIAN MASS FLUCTUATIONS:
THEORY AND EXPERIMENT

James F. Woodward,* Thomas L. Mahood,* and Paul Marcht

ABSTRACT

The various schemes for achieving rapid
spacetime transport currently in circulation are briefly
reviewed, and then the methods based on Machian
mass fluctuations are considered. Results of experi-
mental work designed to detect a negative-definite
Machian mass fluctuation expected on the basis of
simple theory are then reported. They suggest that
such mass fluctuations may in fact occur and have
sufficient magnitude to be engineerable into practical
devices.

INTRODUCTION

It is a commonplace that although rockets may
serve to cover interplanetary distances, however inef-
ficiently, when interstellar voyages in some reasonable
fraction of a human lifetime are considered, conven-
tional rocketry comes up seriously wanting. The fund-
amental problem, simply put, is: How does one accel-
erate a reasonable payload to some significant fraction
of the speed of light in short order without having to
lug idiotically large amounts of propellant along to
push off of? Only a moment's reflection is required to
see that, short of creating "wormhole" spacetime short-
cuts with "exotic matter", there are two distinct, but
related ways to tackle this problem. One is to reduce
the mass of the payload. The other is to find some
means of producing an accelerating force on the pay-
load without lugging along all the propellant required
by rockets. Conventional approaches of considerable
ingenuity have been devised in both cases. But they
still fall far short of the technical requirements for
serious interstellar travel. The question then is, do the
laws of physics allow the invention of unconventional
spacecraft - starships - equal to interstellar voyages?

In the matter of payload reduction, ideally one
would want to render the mass of a ship and its con-
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tents as nearly equal to zero as possible. Were that
possible, only minute forces would be needed to accel-
erate the ship to near lightspeed. Is this possible? To
answer this question we must understand the cause of
the inertial properties of matter; that is, why things
push back on us when we try to accelerate them.

At the moment three putative causes of inertia
are advocated. There are those who simply assert that
inertia is an innate property of matter that is indepen-
dent of all external circumstances. Others believe that
inertia results from the local action of quantum mech-
anical "zero point" fluctuations of the electromagnetic
field (and perhaps other non-gravitational fields) on
things that are accelerated. And some are convinced
that inertial reaction forces are caused by the gravita-
tional action of chiefly distant matter in the universe.
If inertia is an inalterable, innate property of matter,
then the only way to reduce the mass of a ship is to find
and collect some "exotic" matter (with negative mass)
to offset the positive mass of the payload. Such
material, naturally occurring, has yet to be discovered
in nature.

Compelling reasons exist to set aside the
electromagnetic "zero point" fluctuations explanation
of inertia. 2 But even were that not the case, it seems
exceedingly unlikely that any means could ever be
found to suppress zero point fluctuations over the
volume of a starship (thereby supposedly rendering it
essentially inertialess). The Casimir effect, often cited
in connection with these arguments, does point up the
fundamental problem here. It is the low frequency part
of the vacuum fluctuation spectrum that is suppressed
by material objects in close proximity that produces
this effect. But, alas, it is the high frequency part of the
fluctuation spectrum that is chiefly responsible for the
induction of the vast bulk of inertia in this scheme.
(We note here that Lorentz invariance requires that the
spectral energy density of the vacuum fluctuations
increase with the cube of the frequency thereof.)

Taking inertial forces to be due to the gravi-
tational action of chiefly distant matter in the universe
- as is the case in general relativity theory - leads to
two possible approaches. One is to find some means of
"shielding" the bulk of the starship from the action of
the gravity field of the distant matter. This might be
done either passively by finding a "gravity insulator5' -
H.G. Wells' cavorite that is - or actively by devising
some apparatus that generates a gravity field that can
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be used to "null" the gravity field produced by distant
matter. Cavorite, like naturally occurring "exotic"
matter, remains to be discovered. Several active
methods have been explored - notably spinning super-
conducting disks in suitable electromagnetic fields - so
far to no avail One troubling aspect of these schemes
is that they do not follow from the widely accepted
form of the laws of physics. And they usually lead to
violations of fundamental conservation laws. The
second approach consists of finding a way, within the
structure of accepted physical laws, to transiently
induce a reduced mass state, perhaps fleetingly even an
"exotic" mass state, in normal matter by some techni-
cally feasible means. This may sound quite implaus-
ible, but it turns out that there may be a way to do this.
We discuss this, along with some experimental results,
below.

Turning to the issue of generating accelerating
forces, we see that the fundamental problem, irrespec-
tive of the propulsion system being considered, is how
to push off of the distant matter in the universe. In
conventional rocket propulsion systems, this is achiev-
ed by using propellant as an intermediary. That is,
when we push on propellant, the gravitational action of
the chiefly distant matter in the universe causes the
propellant to push back on us, causing an accelerating
force on us. Since the prodigious propellant payload is
the chief impediment to interstellar voyages, one might
want to devise a propulsion scheme that involves,
ideally at least, no lugged propellant whatsoever. In
conventional systems this requirement translates to
either "harvesting" propellant locally as one goes
along, using beamed energy from home with "sails", or
finding a way to couple locally to cosmic fields of one
sort or another. None of these seem very realistic at
present.

Alas, the strictly propellantless "break-
through" schemes appear even less realistic than the
conventional proposals, for they all seem to violate
some fundamental, well-tested physical principle.
Usually, but not always, it is the conservation of
momentum that bites the vacuum. The best known of
these schemes involves the aforementioned spinning
superconducting disks. In these circumstances, how-
ever, the action of the disks is not interpreted as shield-
ing or attenuating the gravitational field of other
objects. Rather, it is regarded as generating a directed
"gravity or inertia-like" field analogous to the "gravito-
magnetic" field generated by spinning objects that is
predicted by general relativity, but magnified in inten-
sity by many orders of magnitude. This putative force
does not act on the generating apparatus per se. But
aimed at distant matter in the direction one wants to go,
it acts on the distant matter and a mutual force is estab-
lished that accelerates the spacecraft. No violation of
momentum conservation is necessarily involved here.

But there is no compelling reason to believe that when
electric charge carriers form Cooper pairs (as they do
in the superconducting state), no matter how they are
acted upon by external electro-magnetic fields, they
acquire the magical ability to create from nothing the
gargantuan "inertialike" fields claimed.

Another strictly propellantless propulsion
scheme is based on the observation that electromag-
netic circuits can be arranged so that they appear to
generate self-forces -that is, forces appear in one part
of the circuit that seem not to be cancelled by equal and
opposite forces anywhere else in the circuit. Perhaps
the best example of this type of scheme is the
"Slepian" approach advocated by Dering, Corum, and
several of their associates.3 The issue of "hidden
momentum" in electrical circuits has a long history.
Suffice it to say that the generation of a net force in an
isolated electrical circuit capable of accelerating a
spacecraft is a very dubious proposition. To be relati-
vistically (and empirically) correct, the laws of electro-
dynamics must be invariant under the group of infini-
tesimal Lorentz transformations. This invariance
insures that energy and momentum are conserved in
isolated systems. Aside from the obvious violation of
the conservation of momentum involved in the Slepian
scheme, simple physical common sense suggests that it
is not reasonable. Accelerations take place with
respect to the distant matter in the universe. The like-
lihood that one could produce accelerations without
coupling to that matter in any way is, on its face, pretty
preposterous. Well, unless die quantum vacuum
couples to the distant matter and can be acted upon in
some way by the local electromagnetic fields. But that
is not what is claimed in "Slepian" systems.

Should it prove possible to produce transient
variations in the masses of material objects, another
means of propulsion may be achievable. Here some
local mass is used as a propellant. But instead of
simply ejecting the matter once and for all, after it has
been "ejected" one operates on it to reduce its mass so
that it can be recovered without canceling the momen-
tum imparted to the craft when it was earlier ejected. It
may then be ejected again in its normal state, and the
mass-reduced recovery repeated. And this cycle may
be repeated over and over again, ad nauseam. This
may sound like having one's cake and eating it too.
But when we keep in mind that the gravity/inertia field
couples the craft (and recycled propellant) to the dis-
tant matter in the universe, it is apparent that such a
scheme merely amounts to producing a directed
momentum flux in the gravitational/inertial field by the
local manipulations matter. One may object that the
propagating "momenergy" in the gravitational field
produced by any reasonable concentration of local
matter is so ridiculously small that even were such a
scheme in principle possible, surely it would be utterly
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impractical. But one ignores, in this view, the fact that
inertial reaction forces are gravitational actions too.
They are enormous and instantaneous. So there is
hope, should it prove possible to induce a transient
mass-reduced state in some propellant without vio-
lating the laws of physics.

THEORY

When inertial reaction forces are viewed as
arising from the action of a locally Lorentz-invariant
field (as they actually are), one finds that objects sub-
jected to accelerations by external forces undergo
changes in their restmasses during the accelerations.4'5>
6'7 This is a consequence of the four-vector nature of
the reaction forces - and the fields producing them -
and the four-dimensionality of the divergence operator
that is applied to the four-field strength to obtain an
expression for the local charge density. To see how
this works, consider an object accelerated by an exter-
nal force. An (equal and opposite) inertial reaction
force arises in the object owing to the action of the
local "inertial" field on it.8'9 The field strength exper-
ienced by the object is just the inertial reaction four-
force divided by the mass of the object. To get the
local source density of this field we apply the four-
dimensional generalization of Gauss's divergence
theorem. Taking account of the fact that the field is
irrotational (so the three-force can be expressed as the
gradient of a scalar potential) and translating charges
into charge densities (as is customary in constructing
field equations), this yields:

V2<|> -

(1)

where $ is the scalar potential of the inertial field, p0
the local restmass density, c the vacuum speed of light,
EQ the local rest-energy density (=poC2), and G
Newton's universal gravitational constant.

To transform this equation into a field
equation of standard form we need merely note that
inertial reaction forces are gravitational forces (Mach's
principle) and that since this is true, in this approxima-
tion we have that (|> = c2 and the rest energy density E0
can be written as £0 - Po<t> [= Po^2]- Using this expres-
sion for E0 in Equation (1) and rearranging we obtain:

= D+ =

, (2)

the inhomogeneous relativistically invariant wave
equation for the scalar gravitational potential. Note the

transient matter source terms on the RHS of Equation
(2). If real, they may make rapid spacetime transport
technically feasible.

If we ignore - c*(d§ldtf since it is always
minuscule given its c4 coefficient (not compensated for
by any factor of <}> in the numerator, as in the other
terms), and extract a factor 4rcG, we may write the
total, time-dependent matter density as:

p(0

(3)

The first time-dependent term - (l/4rcG)[(<|>/p0c2)
(c^po/S/2)] - can be both positive and negative when p0
undergoes periodic fluctuations. When effects arising
from this term are convolved with a second periodic
force in an object, this restmass fluctuation can lead to
the production of stationary forces. 10' * lf 7 One merely
pushes on an object made more massive by this mass
fluctuation, and then pulls it back when it is in a mass-
reduced state to achieve a net accelerating force. For
this reason we call this the "impulse engine" term in
Equations (2) and (3). The second time-dependent
term, unlike the first, is always negative, because the
negative sign of the term is unaffected by the sign of p0
since it appears exclusively in quadratic factors:
- (IMTtG^KVpoC^Spo/Sr)2]. This term, if it can be
made large, holds out die possibility of the transient
formation of "exotic" matter - matter with negative
mass - die material needed to achieve the most extreme
types of rapid spacetime transport by the warping of
spacetime. We resist the temptation to assign this term
a romantic label, calling it merely the "negative mass"
term in Equations (2) and (3).

As with the impulse engine term, when mass
fluctuations driven by the negative mass term in some
object are convolved with a second periodic force,
stationary forces can be produced. So both the impulse
engine and negative mass effect terms hold out the
promise of realizable propellantless propulsion. Note
that the transient mass terms in Equation (3) are enor-
mous in comparison with, for example, the mass
changes that occur from simply changing the energy
content of some region in space-time. This is a conse-
quence of the transient terms being "magnified'' by the
factor (<|>/p0c2) coefficients where, as a consequence of
Mach 's principle, $/c2 « 1, rather than being a very
small number as one might otherwise expect when <|>
has a value of the scale normally assumed (that is, «
c2\

The stationary forces that result from both of
these terms depend on the relative phase of the driven
mass fluctuation and the second applied force. Their
periodicities, as a function of the relative phase, how-
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ever, are not the same because for a driven periodic
fluctuation in p0, the resulting contributions from the
impulse engine term have the same periodicity as the
driving signal, but the negative mass term varies at
twice the frequency of the driving signal because the
time derivative of the driving signal is squared. Were
the negative mass term much smaller than the impulse
engine term, as simple calculations can lead one to
believe, this would not be a matter of much moment.
But, in fact, the negative mass term is comparable to
the impulse engine term, as can be seen by inserting the
ansatz p0 = pcos(a>0 into Equation (2) and computing
the resulting expressions for the impulse engine and
negative mass terms. This procedure does not yield an
exact solution of this non-linear equation. But it does
reveal that the amplitudes of the two factors in the
square brackets are the same, to factors of order unity
at any rate. Thus, should Machian mass fluctuations
actually occur, one should be prepared to see evidence
of the negative mass term in any system sensitive
enough to detect the impulse engine term.

Before turning to a discussion of experiments
designed to test for the presence of the mass fluctua-
tions just described, we mention general considerations
that should inform experiments. We ask first, where
might one expect to see die sort of mass fluctuations
predicted by Equation (2) above? Since this equation
follows from the consideration of the action of an
accelerating force on matter, plainly some material
must be present that is accelerated. The fact that the
transient terms in Equation (2) both involve derivatives
of the local rest matter density, p0, indicates that the
local rest energy density, E0 [=po/c2], must also be
changing. Evidently, the largest Machian mass fluc-
tuation effects are to be expected in materials where,
viewed at the microscopic level, the application of
external electromagnetic fields produce large
accelerations accompanied by rapid changes in stored
internal energy. Thus, for example, if mass
fluctuations are to be driven in ________
dielectric mater-ials in
capacitors, then one will want to
use material with the highest
possible dielectric con-stant. In
particular, ferroelectric
substances. It is worth noting,
nonetheless, that if the vacuum
can be truly regarded as a polar-
izable substance, then one may
expect to drive mass fluctuations
in the vacuum itself. And should
such fluctuations be convolved
with an appropriate periodic
force, stationary forces like those
expected in material media
should be producible. Such

forces, however, would be minuscule in comparison
with those pro-duced in materials with large dielectric
constants. An experiment designed to test for mass
fluctuations in the vacuum would make a good test of
the reality of the "polarizable vacuum" model of CRT
that has recently been elaborated by Puthoff,12

EXPERIMENT

Results of experiments designed to detect
Machian mass fluctuations have already been report-
ed.4* 5'n» 13> 7 We report here current results of the
ongoing experimental program underway at California
State University, Fullerton (CSUF). For the past
several years that program was focused on the
detection of stationary forces in stacks of lead-
zirconium-titanate [PZT] crystals driven with voltage
signals of several hundred volts at several tens of kHz
using sensitive torsion pendula, started by JFW and
TLM in the course of TLM's graduate work. (Seerefs.
7,13, and especially 14 for the details of this work.)
Since fall 2000 the focus of this work has changed to
an updated version of early experimental tests of mass
fluctuations by looking for the effect as a weight
fluctuation with force transducers.4'5 Approaching
experimental detection of any mass fluctuation effect in
this way has the great merit that only the mass flue-
tuation per se Is detected (as a -weight fluctuation), so
all issues relating to the production of stationary forces
by signals of several frequencies and phases are set
aside (unless such forces are inadvertently produced by
convolution of harmonics of the fundamental signal
with mass fluctuations driven thereby that might affect
-weight determinations).

The search we are conducting for Machian
mass/weight fluctuations, for the moment at least,
utilizes PZT stacks like that shown in Figure 1. This
PZT stack consists often crystal disks, 1.91 cm in
diameter made of EDO Ceramics EC-65 material

Figure 1: A. A picture of the device mounted on the force transducer. The thermisor and
accelerometer connection are at the top center-left. B. A schematic diagram of the device
showing the arrangement of the crystals and accelerometer in the PZT stack.
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epoxied together along with suitable electrodes
between the crystals. The stack is clamped by six
machine screws between an aluminum cap and a 0.95
cm thick brass disk. The pair of crystal disks closest to
the brass disk are 0.31 cm thick, whereas all but two of
the crystal disks at the other end of the stack are 0.15
cm thick. Thinner disks, with higher stored energy for
a given applied voltage to the stack, are used in the part
of the stack near the aluminum cap where the largest
accelerations, and thus predicted effects, are expected.
Two of the crystal disks are very thin, being only 0.03
cm thick. This pair of crystals was placed between the
two pairs of 0.15 cm thick crystals closest to the alum-
inum cap and independently wired so that they could
be used as an accelerometer to monitor the behavior of
this part of the PZT stack.

An aluminum mounting bracket is attached to
the brass disk as shown in Figure 1. Note the thin
rubber pad that isolates the bracket from the brass disk.
This was included to suppress the transmission of
vibration from the stack assembly to the weight sensors
used. This pad, however, contributes significantly to
improved performance of the stack. It also suppresses
the flow of heat into the bracket. The temperature of
the stack assembly is monitored with a thermistor
glued onto a small aluminum ear that is also attached
(without a rubber pad) to the brass disk. (This alumi-
num ear also carries a bimetallic strip thermometer
used in earlier work.)

Two different weight detection systems were
developed for the work we report here. The chief
system employed a Unimeasure U-80 position sensor
configured as a load cell. (See Figure 2.) This type of
weigh system has been used extensively by one of us
(JFW) in earlier work, and the chief results reported
here were obtained with this system. The second
weight detection system, still under development at the
time of this writing, utilizes optical detection of dis-
placements driven in a cantilevered beam to detect any
weight fluctuations. (The optical/cantilevered beam
technique was suggested by John Cramer.) Both weigh
systems were enclosed in clear acrylic containers that
were pumped down to vacua typically of 10 to 20
microns so as to eliminate several potential sources of
spurious signals.

In earlier work of this sort, arrays of capaci-
tors, rather than stacks of PZTs, were driven by a volt-
age signal at about half the mechanical resonance fre-
quency of the load cell so that the mass fluctuation
excited at the power frequency of the applied voltage
signal would produce a periodic weight fluctuation that
would be resonance amplified by mechanical proper-
ties of the load cell.4'5 Since the resonance frequency
of the load cell was typically about 100 Hz, and the
magnitude of the mass fluctuation scales with the
square of the frequency of the voltage signal, only

minuscule weight fluctuations could be driven at the
100 Hz frequency, and mechanical resonance ampli-
fication and signal averaging were essential to see any
effect at all. Nonetheless, this seemed the only path to

Figure 2: The device mounted on the U-80 (located in the steei
shielding case) via a vibration isolator made from several
layers of plastic and neoprene rubber. An accelerometer is
affixed to the notion of the aluminum stage that the isolator is
bolted to. The stage is stabilized against lateral motion by
tcnsioned fine steel wires.

detection of the mass fluctuation effect open at that
time, for the presence and significance of the negative
mass term in Equations (2) and (3) above was not then
appreciated. Confined to the impulse engine term,
which tiMe-averages to zero, no other approach seems
feasible.

In the present experiments, the cantilevered
beam method of weight detection is problematical
because of the rather large mass of the suspended
device (more than 100 grams). In order to get suffi-
cient sensitivity, the mechanical resonance frequency
of the beam must be made rather low (less than ten
Hz). This makes it difficult to detect a short, transient
weight fluctuation. The situation with the U-80 load
cell is better, as its mechanical resonance frequency is
several tens of Hz - out of the range of low frequency
acoustic and seismic noise sources. Moreover, this
higher resonance frequency makes it possible to follow
transient weight fluctuations with durations in the 100
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to 200 millisecond range. This is especially important
as, since the early work was done, the importance of
the negative mass term in Equations (2) and (3) has
come to light. Because the effect of this term is always
to reduce the mass of the object in which it is excited
(being negative definite), a stationary time-averaged
mass shift arising from this effect can be produced by a
voltage signal of much higher frequency than the
mechanical resonance frequency of the load cell.
Indeed, this effect can be optimized by driving the PZT
stack at one of its mechanical resonance frequencies
(typically about 75 kHz in devices like that in Figure
1). Since the time-average of Ms effect during an
applied power interval will lead to a stationary weight
reduction, one may simply observe any weight change
directly should it be large enough. Impulse engine
term effects, by themselves, do not lead to such station-
ary weight shifts since they time-average to zero.

Mass fluctuations arising from the negative
mass term, in real circumstances, if present at ail, may
be much smaller than ideal considerations suggest So,
should one want to excite a mechanical oscillation of
the weigh system near its resonant frequency to bring
out a small effect, one need only pulse the high fre-
quency voltage signal delivered to the PZT stack at
some suitable low frequency. This procedure, how-
ever, proved unnecessary, as with reasonable signal
averaging an effect of the sort sought could be obtain-
ed. Instead, the frequency of the applied voltage signal
was swept through a predetermined range of values to
allow for the fact that changing conditions in the PZT
stack might cause the frequency of peak effect to
change from test to test

The experimental protocol actually followed
was to take data during an interval of several seconds.
During the first and last parts of this interval no
appreciable voltage signal was applied to the device
being weighed. For several seconds between these
quiescent periods the voltage signal was applied to the
device. By frequency modulation of the signal
generator used, the frequency was swept from 70 to 78
kHz during this interval. This frequency interval was
chosen because it includes the fundamental mechanical
resonance frequency of the PZT stack where the effect
sought was expected Even though a surprisingly large
weight fluctuation near the resonance was found,
because of a rather poor signal to noise ratio in the
weigh signal, we found it necessary to average the data
for typically 50 to 100 or more of these data cycles
together in order to extract a clear, statistically
significant signal.

Aside from the weigh systems per se, other
components of the apparatus used in this experiment,
indicated in Figure 3, are: a power amplifier (a DBX
150 Watt linear amplifier), a 5-to-l toroidal stepup and
isolation transformer (TRANS), voltage and current

sense resistors in the high voltage secondary trans-
former circuit so that the voltage and current signals
could be multiplied (4 QUAD MULT.) to get the
instantaneous power delivered to the PZT stack, and a
rectification and filtering circuit (POWER METER) so
that die power could be read as a voltage in real time.
Additional instrumentation allows measurement of
acceleration of the PZT stack by the embedded acceler-
ometer and the temperature of the device was recorded
with the aforementioned thermistor.

O^J

Figure 3: A schematic diagram of the chief electronic circuits
used in this experiment. The DAC and ADC are computer
controlled.

While the chief parts of the associated cir-
cuitry and instrumentation are displayed schematically
in Figure 3, several other signal detection features are
not displayed For example, a PicoscopeAD212 was
also used to monitor various signals at various times.
Its software provides FFT power spectrum display
capability that is quite helpful for analyzing harmonics
present in those signals. Toward the end of the acquisi-
tion of data for this paper it became clear that more
detailed know-ledge of the thermal behavior of the
device than that provided by the thermistor was desir-
able, so two types of non-contact infrared (IR) detec-
tion - one a simple thermo-couple device and the other
an IR imaging camera - were introduced. A thermo-
couple vacuum gauge was used to monitor the vacuum
in the vacuum vessels. Operation of the system and
data acquisition and processing is computer controlled
via a Canetics PCDMA data acquisition board. Data
acquisition and post-acquisition data processing is done
with software written specifically for that task (adapted
from software used in earlier experiments).

The core apparatus in use in the load cell
version of this experiment is shown in Figure 2. The
weight transducer is located in the 1 cm thick steel
shielding case visible in the figure. The load cell
vacuum chamber is a small box about 22 cm on a side
26 cm high made of 3 cm thick acrylic plastic (not
shown in Figure 2). As in earlier realizations of
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experiments using the U-80 load cell, with sufficient
averaging of data from individual cycles, a mass (or
weight) shift of a few milligrams could be resolved -
assuming that the static calibration of the load cell with
a one gram mass is applicable to signals registered in
conditions where high frequency vibration is present
in the PZT stack. This last assumption is open to
question, for the manufacturer of die U-80 stipulates
that the sensitivity of the Hall probe used changes
unpredictably in the presence of significant vibration
with frequencies above 1 kHz.

The obvious way to deal with this potential
problem is to mount the PZT device on the weigh stage
of the U-80 with high frequency vibration isolation.
(Low frequency isolation is neither needed nor desir-
able. Indeed, hard coupling at low frequencies is
required to make the weight measurements that are the
objective of this experiment.) This was done in the
earlier phase of this experiment by progressively
introducing more and more vibration isolation compo-
nents. Changes in the weight response of the U-80
disappeared before the isolator configuration seen in
Figure 2 was implemented. That is, the isolator shown
constitutes over-kill. Nonetheless, to be certain that
appreciable high frequency vibration was not commun-
icated to the U-80, an accelerometer (made with thin
chips of PZT material) was affixed to the bottom of the
weigh stage, and the weight signal was scrutinized with
the Pico-scope run in power spectrum mode. Both the
accelerometer signals and the power spectrum analysis
of the weight signal confirmed that no significant high
frequency vibration was present in the U-80 during the
operation of the PZT device.

RESULTS

The chief result of this experiment is display-
ed in Figure 4. It shows the aver-
age of several hundred cycles of
data taken in a variety of differ-
ent circumstances. The data
displayed is "net" data. While
the actual data were being
acquired, 64nulP data where the
power to the device in each cycle
was manually shut off as soon as
the power was automatically
activated. The average of the
null data has been subtract-ed
from the raw data average. In
each cycle data was taken for a
period of 14 "seconds" at a rate
of 50 acquisitions per "second".
In fact one "second" was 0.65
actual seconds, the shift having
been made by the adjustment of a

0

delay loop in the data acquisition program. Power was
not applied to the device until four "seconds" into each
cycle. When power was turned on, the frequency of
the applied sinusoidal signal was swept from 70 kHz to
78 kHz during the ensuing six "seconds". After the
power was switched off, data continued to be taken for
an additional four "seconds". Three channels of data in
addition to the weight sensor were acquired. One
channel recorded the rectified and filtered (10 milli-
second time-constant) power signal. This is displayed
with the weight signal in panel A of Figure 4. Another
channel recorded the rectified and filtered signal from
the accelerometer embedded in the PZT stack; and yet
another channel recorded the temperature measured by
the thermistor epoxied to the aluminum ear bolted to
the back of the brass disk on which the PZT stack was
mounted. The data from these channels are displayed
with the weight signal in panel B of Figure 4.

Simple inspection of Figure 4 reveals that a
pronounced weight decrease occurs near 74 kHz. The
magnitude of the decrease, about 60 ADC counts,
corresponds to roughly 0.1 gram for a peak applied
power of about 105 Watts. This is nearly the fluctua-
tion expected on the basis of a naive, ideal calculation
based on Equation (3) above (within a factor of three
or so). Note that the weight fluctuation is correlated to
spikes in the power and accelerometer traces that signal
the occurrence of resonant behavior in the PZT stack.
Moreover, the temperature trace recorded by the therm-
istor shows an inflection in the heating rate that also
correlates to the weight shift at 74 kHz.

The thermistor, of course, does not promptly
measure the temperature of die PZT stack. Heat
evolved in the PZT stack as power is applied is local-
ized in the end of the stack where, by design, the maxi-
mum activity is induced - as can be seen in the far
infrared (7.5 to 13.3 micron) image of the device
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Figure 4: The weight fluctuation in the device shown in Figures I and 2 was swept with a
sinusoidal signal. The weight is recorded in ADC counts, 66 counts scaling to 0.1 gram.
The power trace shown in panel A peaks at 105 Watts. The corresponding thermistor
(temperature) and accelerometer traces shown in panel B were not absolutely calibrated.
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during power application presented in Figure 5 (taken
with an Indigo Alpha Microbolometer camera).
Prompt heating of the thermistor, evidently, is pro-
duced by vibration driven by the activated PZT stack.
And the inflection in the thermistor trace shows that
this vibration at the thermistor drops dramatically just
before and during the onset of the power and accelero-
meter resonances.

This device and several others like it were
actually designed to behave in this way, though they
are so cranky that the preload on the PZT stack and the
operating temperature must be "just so" to get them to
work as intended. Indeed, the device used to obtain the
data displayed showed such crankiness. When optimal
operating conditions were not present, the inflection in
the thermistor trace was markedly diminished. So
thermistor trace inflection was used as a selection
criterion for the inclusion of cycle data in the averaged
result. (Roughly one cycle in four was rejected using
the thermistor trace inflection criterion. The cycle
rejection rate improved [decreased] with knowledge of
the operation of the system during the course of data
acquisition.)

Figure 5: A far infrared image of the device during a
power cycle. As expected, the bulk of the energy is
delivered to the end of the PZT stack near the aluminum
cap. Note too the prompt heating of the thermistor and
rubber pads. The temperature rise in the stack during a
power cycle is about 5 degrees Celsius.

One may ask: Is the weight fluctuation correl-
ated with the power, thermistor, and accelerometer
events is real, or just a statistical fluke? Inasmuch as
the number of cycles averaged is about 250, and taking
into consideration the weight trace away from the fluc-
tuation, it seems quite plain that the correlated weight
fluctuation is most unlikely to be a mere statistical
fluke. More elaborate statistical analyses of the data
are possible. For example, a formal error can be
obtained by selective suppression of parts of the data

and computing the mean and standard deviation of the
spread of the resulting weight fluctuations. This, how-
ever, doesn't really shed more light on the significance
of the result contained in Figure 4. Given that a weight
fluctuation of the sort expected is seen in Figure 4, the
question then is: Is the observed weight fluctuation
caused by a real Machian effect? Or is it the cones-
quence of the operation of some spurious signal
source? Keeping in mind that, "extraordinary claims
require extraordinary evidence," we turn now to the
tests we have conducted to see if the signal in Figure 4
can be claimed to be real.

SPUMOUS SIGNALS AND CHECK
PROTOCOLS

If we assume that the weight fluctuation signal
in Figure 4 is not due to the predicted Machian effect,
then, evidently, it must be a consequence of either die
electromagnetic signals present during activation of the
device or the mechanical vibration induced by those
signals, for no other possibilities worth considering
exist. Of these two classes of potential spurious sig-
nals, those due to electromagnetic effects are much
easier to deal with. All one has to do is recreate the
electromagnetic signals without driving the electro-
mechanical response in the PZT stack to test for their
effects. This is easily done by shorting out the PZT
stack while applying the same voltage signal to
another, similar device wired into the circuit far from
the weigh system. This way all of the currents and
voltages in the device can be emulated, but the electro-
mechanical response that purportedly produces the
effect is not excited. Figure 6 displays the results of
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Figure 6: The averages of the current and voltage
emulation weight traces. Note the absence of any
weight fluctuation correlated with the peak of the
power resonance.

this test. Very obviously, no weight fluctuation of the
sort seen in Figure 4 is present, so the effect seen
cannot be attributed to this source. A small systematic
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effect is seen in Figure 6 however. It is caused by the
heating of the power leads to the device. (This heating
effect is not seen in Figure 4 because data for two lead
configurations were averaged together to cancel it out.)

The fact that the current and voltage
emulation test does not exactly replicate all of the
conditions present in the actual data runs makes pos-
sible the elimination of another potential source of
spurious signals. When the device is actually run, one
of the power leads is "hot" while the other is at ground
potential. In emulation runs either both leads are hot,
or both are not. A moment's reflection should con-
vince one that the "both not" configuration more nearly
approximates actual running conditions. Nonetheless,
emulations were done in both configurations, and
averaged together in Figure 6 because there was no
significant difference in the results for the two config-
urations. In the "hot" configuration, however, since the
entire device is (periodically) driven to high voltage,
dielectrics in proximity to the device (the vacuum case
in particular) will be polarized by the electric field.
Since the field may be expected to have large grad-
ients, these polarization charges might interact with the
field, and thus the device. Roughly
half of the data averaged in Figure 6
being for the "hot" configuration, it
shows that no such effects are pres-
ent.

Other tests of electromag-
netic effects were carried out; not- .
ably, static magnetic fields of a few
Gauss were applied to the system
during its operation. No detectable
effect was found in any of these tests
that would lead one to suspect the
effect seen in Figure 6 to be spurious.
Mechanical vibration, the other lead-
ing candidate for spurious effects,
was dealt with chiefly by aggressive
vibration suppression and careful
monitoring of vibration in the U-80
transducer. In addition, a test involving a unique
signature of the negative mass effect was carried out.
Note that the negative mass term in Equation (3) above
depends on the square of the time derivative of the
matter density. Thus, it also depends on the square of
the energy density, and ultimately the square of the
applied power (and their time derivatives). Normal
effects driven by mechanical vibrations, however, may
be expected to scale linearly with the applied power.

Although simple in principle, this test is
difficult to carry out in practice for several reasons,
chiefly secular evolutionary changes in the system
during the extensive data runs needed to get even
plausible results. Nevertheless, we present results of
such a test in Figure 7. They cannot be claimed to be

compelling, especially given the noise in the low power
weight trace. Moreover, the differences in the power
curves for the two power levels casts further doubt on
simple comparisons of the two responses. But notwith-
standing theses caveats, the predicted power scaling
appears to be present.

So far we have considered voltage and current
emulation, the induction of electric dipoles in sur-
rounding media, static magnetic fields, the vibration
measurements of the mounting stage accelerometer,
and the power scaling behavior of the system. And all
results are consistent with a real Machian mass fluctua-
tion as the cause of the signals in Figures 4 and 7. It
would seem that but a few potential sources of spurious
results remain to be considered. Perhaps the most
important of these are corona and sonic wind. Both of
these depend strongly on the density of the air in which
the device is run. So they may be explored by noting
any change in the behavior of the system as the pres-
sure in the vacuum vessel is changed. To insure that
these effects were not responsible for the signals seen,
the device was run at atmospheric pressure, ISO
microns, and the normal operating pressure of roughly
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Figure 7: The weight fluctuations recorded for two different power levels. Note
that whereas the ratio of the powers is 1.27, the ratio of the weight fluctuations is
about 1.6, suggesting that the weight fluctuation scales with the square of the
applied power.

15 microns. No noticeable change in behavior with
pressure was observed, allowing us to set aside these
possible sources of signals. (Nonetheless, the device
was operated at the pump limit of about 15 microns
except during these tests.)

In light of the results of the tests we report
here, perhaps the most important test remaining is the
replication of the main result using a completely
different weigh system - in particular, a system like the
cantilevered beam mentioned above. Time has not
permitted us to complete such a test by the time of this
writing. But we hope to have one done shortly.
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(c)2001 American Institute of Aeronautics & Astronautics or Published with Permission of Author(s) and/or Author(s)' Sponsoring Organization.

CONCLUSION:

As noted above, the Saganism that extraord-
inary claims require extraordinary evidence is certainly
true. Extraordinarity, however, like beauty, is in some
measure in the eye of the beholder. So whether the
evidence we present here rises to that level is a matter
of individual judgment. Our judgment is that the
evidence suggests that a real effect is present; although,
being quite cranky, it is far more difficult to produce
and manipulate than we would like. Partly, perhaps,
these difficulties can be attributed to the very modest
effort involved Greater effort, we think, is warranted.

But where, beyond further confirmation and
exploration of the effects reported here, does one go
from here? Well, from the point of view of rapid
spacetime transport two issues seem to be the most
important. First, can the effects reported here be scaled
to useful levels? A mass fluctuation of a tenth of a
gram or so is only of laboratory interest. It is worth
noting that the negative mass term effect, everything
else held constant, scales with the square of the
frequency and with the square of the power. So, in
principle, very large mass fluctuation effects should be
producible with only relatively modest power levels.
We hasten to add that there are subtleties to the produc-
tion of this effect that are not yet fully explored. For
example, generation of the effect seems to depend quite
critically on the production of higher harmonics in the
PZT stacks, for sinking a lot of power into a stack at a
mechanical resonance of the stack is not, itself, suf-
ficient to yield an effect. The details of the processes
that lead to large mass fluctuations need to be studied
and understood in some detail before serious engineer-
ing is undertaken.

Second, from the point of view of propellant-
less propulsion, the creation of impulse engines
requires that objects with induced mass fluctuations be
acted upon by another periodic force to extract a sta-
tionary force. In the torsion pendulum experiments
that preceded those sketched here, two of us (JFW and
TLM) were only able to produce minuscule forces
many orders of magnitude smaller than those expected
on the basis of naive calculations. Likely this can in
part be attributed to subtleties involving the yet to be
explored details of the production of mass fluctuations
in real non-linear systems. These details will have to
be sorted out before the dream of propellantless pro-
pulsion can be folly realized.

In this regard we note that it may be worth
exploring systems other than simple stacks of PZT
crystals driven with complex voltage waveforms (like
those already investigated by TLM and JFW). For
instance, one might expect to see impulse engine
effects in the system described by Corum, et al where
a sinusoidal voltage is applied to a circuit with an

inductor and capacitor in series.3 The inductor is
arranged so that the periodic magnetic field it generates
permeates the dielectric between the plates of the
capacitor, orthogonal to the electric field therein.
Taken as a strictly electromagnetic system, the conser-
vation principles mentioned at the outset of this paper
require that any forces produced in the dielectric be
balanced by equal and opposite forces elsewhere in the
circuit. So there is no reason to expect to see strictly
electromagnetic propulsive forces in this type of
system.

But note that if Machian mass fluctuations
actually occur, then the acceleration of the charge
carriers that comprise the displacement current in the
dielectric in the capacitor, driven by the periodic
electric field, will induce a mass fluctuation at the
power frequency of the voltage frequency - that is, at
twice the frequency of the applied voltage signal. Now
consider the action of the magnetic field. The motion
of the displacement current charge carriers will interact
with the period magnetic field to yield a force on the
charge carriers via the magnetic part of the Lorentz
force: (qlc)(y X B). Since the velocity of the charge
carriers, v, and the magnetic field, B9 are both periodic
with a frequency equal to the applied voltage frequen-
cy, their cross product will yield a force with twice this
frequency - that is, the frequency of the mass fluctua-
tion putatively being driven by the action of the electric
field in the dielectric. Should the relative phase of the
mass fluctuation and the magnetic part of the Lorentz
force be auspicious, a stationary force should result.

Such a force, if present, is a result of the mass
fluctuation that arises from the inertial coupling of the
constituents of the dielectric to the rest of the universe.
It is not due to a local violation of the conservation of
momentum in a purely electrodynamical system. It is
worth remarking that a stationary force in a system of
this sort may be expected even if the "substance"
between the plates of the capacitor is the vacuum. If
the charged particle pair production in the vacuum of
quantum lore actually takes place, the pairs should
experience the same effects as material dielectric
media. So exploration of this sort of arrangement of
circuit elements has scientific value (as a test of the
"polarizable vacuum" conjecture), as well as potential
technological implications.

Finally, we note that the nearly 0.1 gm mass
shift that seems to have taken place in the PZT stack
approaches a percent of the total mass of the PZT
material (about 40 gm), and this with an applied power
on the order of 100 Watts. If this effect is real, and
should no physical mechanism operate that enjoins true
negative total mass states, then it seems that we may be
able to actually generate, however fleetingly, truly
exotic matter. Should this prove possible, the most
extreme sorts of rapid spacetime transport may be
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feasible. Experiments designed to probe these possibil-
ities, however, should be undertaken with some care.
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GLOBAL MONOPOLES AND THE BONDI-FORWARD MECHANISM
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Abstract. Based on work by Bondi, Forward considered
the possibility of using putative negative masses for a propel-
lantless propulsion mechanism. Recent advances in the study
of black holes in the presence of fields may provide an explicit
mechanism to mimick the effects of negative mass without
the need to invoke exotic quantum effects, or to postulate the
existence of matter with negative mass in the classical do-
main. We evaluate the feasibility of using such objects in a
Bondi-Forward type propulsion mechanism.

1. Introduction

Bondi1 was the first to consider the effects of putative
negative masses within classical general relativity. As
pointed out by Forward2, negative mass could be used to
create a propellantless propulsion mechanism.

The underlying principle can most easily be under-
stood in Newtonian mechanics. Consider a point par-
ticle 1 with gravitational mass m > 0 and a particle 2
with mass —m, both moving along the x-axis of a Carte-
sian coordinate system. Let ex be the unit vector point-
ing in the positive x-direction, and suppose that initially
X2 < xi, where xi and £2 are the coordinates of particle
1 and particle 2, respectively. Particle 2 exerts a force on
particle 1 equal to

G(—m)m _
(xi - x2)2

Gm2

x2)2

while particle 1 exerts a force on particle 2 given by

Gm(—m)
— ~ '&X
(Xi -X 2 ) 2

Gm2

763.. (2)

Note that the forces are equal in magnitude but have op-
posite direction, in accordance with Newton's third law.
To get the accelerations, we now have to divide the forces
by the respective inertia] masses. We will assume these to
be equal to the gravitational masses, including the sign.
To fully understand why this is a reasonable assumption,
one would have to take recourse to general relativity1; we
will also come back to this issue in Section 3. Dividing
FI by m and F2 by — ra, we find the accelerations for
particle 1 and particle 2 to be

= a2 =
Gm

(3)

Copyright (c) 2001 The American Institute of Aero-
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This means that both particles will undergo an accel-
eration in the same direction, and this acceleration will
persist until the relativistic regime is reached. (Note that
in this special case the magnitudes of the accelerations
are also equal to each other; this is just because we chose
the absolute values of the masses to be the same.) Again
taking into account the signs of the masses, it will be
clear that both the (Newtonian) total momentum and
total kinetic energy are conserved. (In fact, in this case
both are identically zero for all times.)

Negative masses have never been observed in Nature,
although it is generally assumed that quantum field the-
ory effects can give rise to negative energy densities
(a very readable introduction can be found in Visser's
book3). In this paper, we will describe a possible mech-
anism to mimick the effects of negative mass, starting
from purely classical physics. Our tools will be general
relativity, together with the classical theory of the weak
and strong nuclear interactions.

As it is well-known, black holes can carry an electric
charge, and when a charged particle is moving in such a
spacetime, it will feel the effect of both the charge Q of
the hole and its mass M. Since energy is stored in the
electric field generated by the charge Q, it will contribute
to the curvature of spacetime in the vicinity of the hole.
Because of the fact that in general relativity, the gravita-
tional force is a result of the curvature of spacetime, this
contribution will make it seem as if the hole has a mass
different from M. Consequently, even the motion of an
uncharged particle in such a spacetime will be different
from what it would have been if the hole had only carried
a mass M, and no charge. In particular, the particle will
appear to be moving in the gravitational field of a mass
that is smaller than M.

It is a generic feature of general relativity that ob-
jects appear to have a mass that is smaller than their
actual mass content (see e.g. Wald4). Consider the ex-
ample of a spherical, non-rotating star. According to
Birkhoff's theorem, the geometry outside the star is
that of Schwarzschild spacetime, with some character-
istic mass M. This is the mass outside observers will
perceive the star to have, for example by releasing test
particles and observing their motion. As it turns out,
M will always be slightly smaller than the 'proper' mass
content M of the star (i.e., the mass that went into the
star when it formed). If we define AM = M — M, then
EB — AMc2 may be interpreted as the gravitational
binding energy.

It needs to be stressed that the latter is merely a
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heuristic statement, since gravitational binding energy
has no general definition. Even so, one could ask the
following question: Can a self-gravitating object be so
strongly bound that its apparent mass is negative (i.e.,
can the contribution to the mass due to binding energy
be larger than the proper mass content)? Preliminary
investigations seem to point towards a positive answer.
The purpose of this paper is to describe under what cir-
cumstances this could come about, and to evaluate its
relevance for the Bondi-Forward (BF) propulsion mech-
anism.

The paper is structured as follows. In the next Sec-
tion, we will introduce solutions to Einstein gravity in the
presence of additional, non-gravitational fields, which for
all practical purposes have a negative gravitational mass,
even though the energy stored in the fields, as well as any
proper mass that may be present, are positive. In Section
3, we first of all evaluate to what extent the objects de-
scribed may be considered realistic, or physically accept-
able, and we consider the problems that may be expected
when incorporating them in BF propulsion. Conclusions
are presented in Section 4. Although we will assume
that the reader has some knowledge of basic relativistic
physics, we will review the theory of the Higgs field and
its coupling to gravity in the Appendix, as it will be the
basis for .the more promising class of objects discussed in
Section 3.

Throughout this note we will use units such that G =
c = fi = 1, unless stated otherwise. The signature of
spacetime metrics is chosen to be (—,+,+,+) .

2. Black holes with negative mass

The fact that in the presence of fields, black holes can
appear to have negative mass has been known for quite
some time; it is apparent in the solutions discovered by
Barriola and Vilenkin5. Recently, two classes of black
holes with negative effective mass were studied in de-
tail. In what follows, we will talk about proper mass and
proper charge; for definiteness, let us first define these
rigorously. The spacetimes we will consider all have a
metric of the form

ds2 = -a2Ndt2 + N~ldr2 + r2(d6 ), (4)

where a and N are functions of r. Define u(r) = r2N(r)
and expand this function near r = 0:

u = Q2 - 2Mr + .... (5)

By definition, Q is the proper charge and M the proper
mass. This definition is motivated by the fact that in
the case of a charged black hole, Q and M are indeed
the amounts of charge and mass that end up in the hole
as it is formed. These should be distinguished from the
effective charge and mass, which are the values measured
by an outside observer, e.g. using test particles.

So far we have only talked about black holes carry-
ing the electric charge associated to electromagnetism.
However, holes can also have proper charges associated
to the weak and strong nuclear forces. Just like elec-
tromagnetism, these interactions are described by gauge
theories, which are characterized by some internal group
of invariances, or symmetries. (In the case of electromag-
netism, this is the invariance of the electric and magnetic
fields when adding to the vector potential the gradient of
an arbitrary smooth function.) The symmetry group in-
herent in electromagnetism is called J7(l), and those of
the weak and strong interactions are SU(2) and 5C/(3),
respectively. The weak interaction is somewhat special,
in that its symmetry is broken in Nature, presumably by
interaction with the yet to be discovered Higgs field. For
an elementary introduction into the physics involved, we
refer the reader to the textbook by Aitchison and Hey6.

Zotov7 studied the appearance of black holes with neg-
ative effective mass in the context of unbroken SU(2)
gauge theory, called Yang-Mills theory. Although this
model is not realized in Nature, it can be considered as
a useful 'toy model' for the full SU(S) theory describ-
ing the strong interaction. It is generally believed that
the qualitative features of solutions of Yang-Mills theory
coupled to gravity will usually carry over to 5f/(3). Zo-
tov's black holes have a proper mass, and also a proper
charge. The latter is not the familiar charge of electro-
magnetism, but its 5/7(2) equivalent. Numerical results
suggest that Yang-Mills theory admits black hole like so-
lutions with negative effective mass but positive proper
mass. However, the solutions studied by Zotov do not
have an event horizon; their singularities are naked. Al-
though a proof is lacking, it is generally assumed that
this cannot happen in Nature (this is the famous Cosmic
Censorship Conjecture8), so we will not discuss these so-
lutions any further.

Instead, we turn to the slightly earlier work of Nuca-
mendi and Sudarsky9. They studied black hole solutions
with an event horizon, arising from a model with three
scalar fields having a broken global 0(3) symmetry. Here
'global' merely means that, unlike gauge symmetries, the
transformations under which the theory is invariant are
not allowed to depend on the position in spacetime. The
broken O(3) theory should be a good model for the Higgs
interaction. It is assumed that there exists more than one
Higgs. The way they interact among themselves will in-
volve a global symmetry, which needs to be broken itself
in order to break the SU(2) symmetry of the weak in-
teraction. The breaking occurs when the Higgs particles
form a condensate, meaning that the Higgs fields acquire
a non-zero vacuum expectation value.

A peculiar feature of the solutions presented by Nu-
camendi and Sudarsky is that they carry neither proper
mass nor proper charge. Instead, they are 'topological
defects', usually called global monopoles. A useful pic-
ture is that of a field which has been tied into a knot.
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The energy stored in such a 'knotted' field can give rise
to a spacetime geometry which is similar to that of a
black hole with an event horizon. (Note that the term
'topological defect' refers to the gauge field itself, not the
topology of the spacetime it gives rise to.) Henceforth, we
will refer to the particular solutions found by Nucamendi
and Sudarsky as NS monopoles.

In general, the equations describing the interaction be-
tween the fields and gravity in the model of Nucamendi
and Sudarsky are too complex to solve analytically. As
a consequence, the spacetime metrics for black hole like
solutions can usually not be written in closed form. How-
ever, at large distances, NS monopoles have a metric that
looks like

ds2 ~ - 1 -

(6)

where a = 87rr/2, with r\ the magnitude of the Higgs field
condensate. The equations of motion for uncharged test
particles with positive mass moving in the vicinity of the
monopole are given by the geodesic equation. A particle
that is initially at rest at sufficiently large distances will
be subject to a radial proper acceleration

-Ma r^j
r —

r2 - 2Mr (7)

As numerical results show, it is possible to have solutions
with M < 0, so that ar > 0: The central object is re-
pelling the particle. For all practical purposes, the global
monopole behaves as an object with negative mass.

It is worth pointing out that although the monopole
behaves as if it carries negative mass/energy, all of the
energy conditions of general relativity are satisfied be-
cause of the way the fields couple to gravity10. Therefore,
no observer will ever measure negative energy density in
this spacetime; the monopole indeed only mimicks the
effect.

Note that the metric (6) is not asymptotically flat: In
the limit r -» oo, one does not retrieve the usual un-
curved (or Minkowski) spacetime. Rather, the geome-
try is 'asymptotically flat up to a deficit angle'. This
means that if we were to measure the surface area of a
sphere with very large radius R centered on the black
hole, we would not find the usual value of 4?r.R2, but
rather 4?r(l — o>)R2. We will come back to this impor-
tant fact in the next section.

3. Global monopoles and the BF mechanism

Although the NS monopoles satisfy most of the crite-
ria to be physically acceptable solutions of the broken
0(3) theory coupled to gravity, it is not known how they

could be created in Nature. The relevant literature is
very recent, and it deals only with static solutions, so
that at this time it would be inappropriate to speculate
on how global monopoles with negative effective mass
might come about. This makes it impossible to assess
how much energy is needed to generate these objects.
As we mentioned, the proper mass is zero; all energy
is stored in the fields. In general relativity there is no
generic scheme to compute the energy stored in a partic-
ular fields configuration, especially for solutions that are
not asymptotically flat.

The failure of the metric (6) to be asymptotically flat
is a possibly problematic feature from a physical point
of view. The deficit angle will create tidal stresses. As
we mentioned in the previous section, the magnitude of
a is determined by the magnitude of the Higgs field con-
densate. The magnitude of the stresses on a compact
object of fixed size will depend on distance; even though
the metric is not asymptotically flat globally, it still ap-
proaches flatness locally. A good analogy is to consider
the surface of a cone. The spheres of radius R we talked
about in the previous section are now circles on the cone
in a plane perpendicular to the cone's axis. R should
be interpreted as the distance of a circle from the apex
of the cone, so that their circumference is 2?r(l — /3)J?,
with 2?r/3 some deficit angle. But now consider a disk of
radius p stuck on the surface of the cone. If the disk is
close to the apex, its surface area will be smaller than
TT/o2. However, as one slides the disk away from the apex
while keeping p fixed, the curvature of the cone's surface
becomes less noticeable and the area of the disk will tend
to 7T/92 asymptotically. Similarly, in the spacetime (6), a
spherical object with radius p will have a volume smaller
than 47r/93/3 when close to the central singularity, but
as it is moved away from it while keeping p fixed, the
volume will tend to that value.

The magnitude of the Higgs condensate is expected to
be 77 c± 250 MeV/m3; in units where G — c = h = 1,
this becomes rj ~ 5 x 10~126, so that the deficit angle
47ra = 327T2772 will be of no consequence in the regime
where the approximation (6) is valid.

NS monopoles have two characteristic length scales as-
sociated to them: The radius of the event horizon r^, and
the monopole's 'core radius' rc. The latter is completely
fixed by the mass the Higgs bosons themselves acquire
due to symmetry breaking. Different NS monopole solu-
tions are characterized by different values of rv Negative
effective masses occur when r^ <C rc, so that for these so-
lutions the metric (6) is a good approximation for r > rc.
In units where G = c = h — 1, one has rc = l/(\/2ra#).
Although the Higgs mass is as yet unknown, it is gener-
ally assumed to be approximately ra# ~ 200 GeV. In SI
units, this gives rc ~ 10~35 m. For all practical purposes,
the monopole can be considered as a point particle.

The smallness of the core radius raises an important
question. So far, we have been discussing purely classical
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field theory, both on the gravitational and on the Higgs
side. However, rc is comparable to the Planck length.
This means that realistic NS monopoles are not only es-
sentially quantum mechanical objects; quantum gravity
effects can be expected to influence their structure in a
major way. As yet, no quantum gravity theory has been
verified either experimentally or observationally, so that
it is impossible to say what these effects will do to the
monopole. However, although the Higgs mass is a pa-
rameter in the Standard Model of elementary particle
physics, it is not generally considered to be a fixed con-
stant of Nature. This is because it is not only determined
by the coupling strength of the Higgs self-interaction,
but also by the magnitude of the Higgs condensate. The
latter is expected to be a consequence of the particular
conditions that existed shortly after the Big Bang11. It
is not unimaginable that its value could be changed lo-
cally, although any statement as to how this could be
done would again be pure speculation. For now, I will
confine myself to saying that it is justifiable to continue
the discussion on the basis of the qualitative results from
the classical theory.

Without going through the full numerical computation
for the spacetime geometry, from looking at the evolution
equations in the paper by Nucamendi and Sudarsky9 one
can immediately tell that if a c± 0, the effective mass will
also be exceedingly small. Nevertheless, one can think
of schemes to use NS monopoles for BF propulsion. For
instance, consider a very large number of them contained
in a spherical shell of positive mass. Using Newtonian ar-
guments again, the spherical shell will not influence the
effectively negative mass inside; as it is well-known, such
a shell acts like the gravitational equivalent of a Faraday
cage. On the other hand, negative mass particles will re-
pel both each other and the surrounding shell. One can
therefore conceive of a thin, spherical, positive mass shell
filled homogeneously with negative mass. If the amount
of negative mass inside is much larger in absolute value
than the mass of the shell, the net gravitational field
outside will be that of a negative point mass. Still using
Newtonian arguments, for an amount of negative mass
in the order of, say, a large asteroid mass (M ~ —1020

kg), the outward pressure on the spherical shell will be
comparable to the inward pressure felt by the matter in
a positive mass asteroid (this is of course assuming the
dimensions are comparable). Close to the shell, the re-
pulsive gravitational force will be the same in magnitude
as the (attractive) force caused by an asteroid with the
same (positive) mass and dimensions. This will then be
the force acting on a positive 'payload' mass placed close
to the shell.

A possible implementation of the BF mechanism would
consist of a container of NS monopoles together with a
positive pay load mass, which would act as the positive
mass particle in the system. Now a new question arises:
Although we know that the container will repell the pay-

load, can we be sure that the pay load will attract the
container? Phrased differently, is the inertial mass of NS
monopoles equal to the negative effective mass? Recall
from the Introduction that it was precisely the fact that
we divided the force on the particle with negative grav-
itational mass by —m that led to an acceleration in the
same direction as that of the positive mass particle. The
inherent assumption was the equality of graviational and
inertial mass. So far, we have tacitly assumed that this
equality holds for NS monopoles. Are we justified in do-
ing so?

When computing the inertial mass of e.g. a proton, the
binding energy of its quarks due to the strong nuclear
interaction needs to be taken into account to arrive at
the correct result. Similarly, if the negative effective mass
of NS monopoles is to be understood as a consequence
of gravitational binding energy (cf. the example of the
spherical non-rotating star), then one expects a positive
answer.

Since gravitational binding energy is but a heuristic
concept, a more fruitful way of looking at the prob-
lem is to consider the metric caused by an isolated pay-
load mass. Supposing the pay load mass is spherically
symmetric, the metric of the geometry outside will be
Schwarzschild. If the negative mass container is suffi-
ciently far away, it can be considered as a point parti-
cle. Alternatively, one could look at the motion of just
a single NS monopole, which for all practical purposes
should behave as a test particle in the technical sense: A
point particle with negligible mass. It is reasonable to
assume that a single monopole will move on a geodesic,
and that this will also be approximately true for a con-
tainer of macroscopic extent. Since the geodesic equation
is insensitive to the mass of the point particle of which
it describes the motion, in that case a monopole, and a
negative mass container, would certainly be attracted by
the payload.

The geodesic equation can be derived from Einstein's
equations by considering the motion of an extended body
in curved spacetime and taking the limit where its spa-
tial extent goes to zero. The derivation is subtle, as was
made clear most recently by the work of Mino, Sasaki
and Tanaka12, and Quinn and Wald13. In the case of
a small and light NS monopole superposed on a curved
background, the analysis will be extremely complicated,
partly because of the internal structure of an monopole,
and especially because of the fact that the spacetime ge-
ometry is not asymptotically flat. A direct proof that NS
monopoles will move on geodesies can be expected to be
very difficult.

Because of its importance for the BF mechanism, the
issue of inertia calls for further investigation. To eval-
uate the inertial mass rigorously, one needs a detailed
study of the behavior of NS monopoles in a dynami-
cal situation. One possibility would be to construct a
binary solution of two NS monopoles connected by a
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'strut'. Such constructions have been carried out for bi-
nary black hole solutions (a recent reference is Letelier
and Oliveira14). If NS monopoles have negative inertial
mass as well as negative effective mass, what we would
expect for a monopole pair is that the connecting strut
would tend to be stretched. Alternatively, one could con-
sider perturbations of the NS monopole metric with non-
zero momentum and study the recoil effects, as has been
done by Andrade and Price15 for ordinary black holes.

Assuming that the system composed of the negative
mass container and the payload mass can not go super-
luminal, it is easy to guess what will happen as it ap-
proaches relativistic speeds. The neutral positive matter
can only radiate gravitationally. Since the Higgs interac-
tion is much stronger than the gravitational one, the NS
monopoles inside the shell will start radiating 'Higgs field
waves' before the positive matter loses energy through
gravitational wave emission. The Higgs radiation will
carry off positive energy: The positive energy stored in
the fields composing the monopoles. The strength of
those fields then diminishes, and the effective negative
mass becomes less negative even though positive energy
is being radiated away. We reiterate that although the
monopoles generate a repulsive gravitational force indis-
tinguishable from that of negative mass, the true energy
density is positive everywhere.

4. Summary and conclusions

We have described a possible implementation of the
Bondi-Forward propulsion mechanism on the basis of
global monopoles arising in a spontaneously broken O(3)
Higgs model coupled to gravity. Clearly, there are several
open problems, each of them crucial to the relevance of
NS monopoles in the context of the BF scheme.

The typical length scale of a monopole with negative
effective mass is the core radius, which is determined by
the Higgs mass and turns out to be of the order of the
Planck scale. In that case, the classical description is in-
appropriate, and a description in terms of quantum grav-
ity is called for. Since no quantum gravity theory has ever
been tested, it is impossible to say at this point how this
will effect the properties of the monopole. However, the
Higgs mass depends both on the coupling strength of the
Higgs self-interaction and the magnitude of the conden-
sate. Both are parameters in the Higgs potential (see the
Appendix), and standard lore11 has it that this potential
is dynamically generated by whatever physics goes on at
very high energies. Consequently, it is possible that these
parameters can be changed in a physical process, but the
theoretical framework to even conceive of a mechanism
to bring this about is not yet in place.

So far, the study of solutions to the theory of the Higgs
coupled to gravity has been confined to static ones. As
a result, no physical mechanism is known in which NS

monopoles might be created. Since these objects do not
have a proper mass or charge, this makes it hard to even
estimate how much energy would be involved.

The most pressing problem is the question whether NS
monopoles with negative effective mass also have nega-
tive inertial mass. One would expect a positive answer,
but this should not be taken for granted. We have in-
dicated a number of ways in which it could be tested
computationally. It seems unrealistic to hope for a direct
proof that the motion of NS monopoles is approximately
geodesic, but we have proposed other schemes which have
already been worked out for less exotic objects.

It will be clear that a full evaluation of the possibility
of using NS monopoles to implement the BF mechanism
would require a protracted effort on the theory side. Even
then, it seems unlikely that a definite statement could be
made on the basis of what we currently know about high
energy physics. But at least there is some hope; even
though negative mass presumably does not exist in its
'pure' form, Nature may have given us a loophole.

Appendix

It is generally assumed that the breaking of the SU(2)
gauge symmetry of the electroweak interaction is a con-
sequence of the breaking of a global symmetry associated
with the dynamics of the Higgs fields. Nucamendi and
Sudarsky considered a theory with three Higgs fields 0a,
a = 1,2,3, interacting with each other according to a
potential

(8)

where </>2 is shorthand for £)o=i (f>a(/>a. Note that if one
would set e.g. </>3 to zero and consider only 01 and 02, a
diagram of the potential versus 01 , 02 would resemble a
Mexican hat. Indeed, V((j)a) then has a local maximum
at the origin of the (01,02)-plane given by F(0,0,0) =
(A/4) r/4 (the top of the 'hat'). As one moves away from
the origin, the potential decreases until the valley-defined
by (j>2 — r?2 is reached, where V = 0 (the rim of the hat).
Moving still further away from the origin, V increases
without bound.

What cosmologists generally expect to have happened
during the early phases of the Universe can be very
roughly described as follows. Shortly after the Big Bang,
when the temperature of the Universe was still very high,
77 was equal to zero, so that the potential had a unique
minimum at the origin and increased without bound as
one moved away from the origin. The equilibrium value
for the classical fields (j)a was then 4>a = 0 for a = 1, 2, 3,
since the potential is then at its minimum, V = 0. As
the Universe cooled down, 77 increased and the potential
formed a 'bump' near the origin, leading to the Mexican
hat shape. The values 4>a = 0 now corresponded to an
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unstable equilibrium point: The top of the 'hat'. Conse-
quently, the fields (/>a acquired non-zero values through-
out spacetime, namely values that minimized the new
potential. But note that for rj ^ 0, (8) does not have
a unique minimum; all values of <j)a for which $ = rj2

are a minimum of the potential. Which minimum the
fields ended up in was determined by the small perturba-
tions causing the field configuration to be pushed away
from the unstable equilibrium point, and may be con-
sidered arbitrary for all practical purposes. The situa-
tion is comparable to that of a pencil balanced on its
tip: The pencil could fall in any direction. This process
is called spontaneous symmetry breaking. The result is
that the classical values of the Higgs fields are no longer
zero; in the jargon one says that the particles associ-
ated to the fields have formed a condensate c/)a such that
(p>2 = rj2. 77 is the magnitude of the condensate; presum-
ably it is determined by the specific conditions existing in
the early Universe, together with the dynamics of the as
yet unknown high-energy physics driving the symmetry
breaking. The terminology stems from a very analogous
process in condensed matter physics, the Meissner effect,
which is responsible for superfluidity and superconduc-
tivity.

In a curved spacetime, the field equations governing
the classical dynamics of the Higgs fields are given by

(9)

where the VM (// = 0,... ,3) are the covariant derivatives
associated to the metric; in flat spacetime these would
simply be the partial derivatives with respect to the co-
ordinates. (Raising and lowering of indices is done using
the metric and its inverse, and as always summation over
repeated indices is implied.) Using the expression for the
potential (8), the field equations (9) can be written in
more detail as

= 0. (10)

As usual, the prefactor of the term that is linear in the
fields and carries no derivatives gives us the square of the
mass7, so that the Higgs mass is equal to ra# = (Xrj2)^.
Apart from that, there is a cubic interaction of the Higgs
among themselves, with coupling strength A.

The presence of the fields affects the geometry of space-
time through the Einstein equations,

(11)

Here R^v is a tensor formed from the metric g^ and its
first and second derivatives, R = R^g^, and T^v is the
stress-energy tensor of the Higgs fields. One has

•W)J,
(12)

where summation over the indices b is assumed. For
derivations we refer to Aitchison and Hey7 and Hawk-
ing and Ellis10.

To solve the equations (9) and (11), Nucamendi and
Sudarsky started with the ansatz

(13)

for the fields, and

+(1 - a) r2(d62 + sin26d(j)2) (14)

for the spacetime metric. The x° are spatial asymptotic
Cartesian coordinates, obtained from (r, 0, </>) in the same
way as Cartesian coordinates in Euclidean space. The
functions /(r), m(r), and S(r) are to be obtained from
the field equations (9) and the Einstein equations (11),
with suitable boundary conditions. We note in passing
that (14) is indeed of the form (4).

The natural boundary condition for / as r — >• oo is
/(r) ->• 1, since one wants the Higgs fields (13) to tend
to a minimum of the potential, i.e., </>2 — » r?2 . As was
shown by Barriola and Vilenkin5 , the asymptotic behav-
ior (6) then leads to a globally well-defined solution for
both the fields and the metric (apart from a central sin-
gularity). However, in numerically solving (9) and (11),
Nucamendi and Sudarsky found it more convenient to
impose boundary conditions at the origin r = 0:

/(O) = 0,
m(0) = 0,

dm _
( ) = ~

a
(15)

The fact that one needs / —t 1 as r -> oo then imposes
a unique value for df/dr at r = 0, which can only be
determined by a 'shooting method': Different values are
tried out until a consistent solution for fields and metric
is obtained. For more details, the reader is encouraged
to read the original paper9.

Using the conditions (15), it is easy to convince one-
self that the proper mass and charge of an NS monopole
as defined by the expansion (5) are indeed zero. The
function u(r) is

u = r2 -i _ 2ro(r)' -2m(r)r (16)

Near r = 0 there is no zeroth order term in r, so Q — 0,
and since ra(0) = 0 the first order term vanishes as well,
which gives M = 0.
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One obtains a Maxwell-like structure of gravitation by applying the weak-field approximation to the
well accepted theory of general relativity or by extending Newton's laws to time-dependent systems. This splits
gravity in two parts, namely a gravitoelectric and gravitomagnetic (or cogravitational) one. Both solutions differ
usually only in the definition of the speed of propagation, the lorentz force law and the expression of the
gravitomagnetic potential energy. However, only by extending Newton's laws we obtain a set of Maxwell-like
equations which are perfectly isomorphic to electromagnet!sm. Applying this theory to explain the measured
advance of the mercury perihelion we obtain exactly the same prediction as starting from general relativity
theory. This is not possible using the weak-field approximation approach. Due to the obtained similar structure
between gravitation and electromagnetism, one can express one field by the other one using a coupling constant
depending on the mass to charge ratio of the field source. This leads to equations e.g. of how to obtain non-
Newtonian gravitational fields by time-varying magnetic fields. Unfortunately the coupling constant is so small
that using present day technology engineering applications for gravitation using electromagnetic fields are very
difficult. Calculations of induced gravitational fields using state-of-the-art fusion plasmas reach only accelerator
threshold values for laboratory testing. Possible amplification mechanisms are mentioned in the literature and
need to be explored. We review work by Henry Wallace suggesting a very high gravitomagnetic susceptibility of
nuclear half-spin material as well as coupling of charge and mass as shown by e.g. torque pendulum
experiments. The possibility of using the principle of equivalence in the weak field approximation to induce non-
Newtonian gravitational fields and the influence of electric charge on the free fall of bodies are also investigated,
leading to some additional experimental recommendations.

Oliver Heaviside2 in 1893 investigated how energy is
1. Introduction propagated in a gravitational field. Since energy

propagation in electromagnetic fields is defined by the
The control and modification of gravitational Poynting vector - a vector product between electric

fields is a dream pursued by propulsion engineers and ^d magnetic fields - Heaviside proposed a
phvsicists around the world. NASA's Breakthrough gravitational analogue to the magnetic field.
Propulsion Physics Project is funding exploratory Moreover he postulated that this energy must also be
research in this area to stimulate possible propagating at the speed of light. Another approach to
breakthroughs in physics that could drastically lower the magnetic part of gravity is to start from
costs for access to space1. Although not commonly Newtonian gravity and add the necessary components
known, Einstein's well accepted general relativity to conserve momentum and energ/. This leads to the
theory, which describes gravitation in our same magnetic component and a finite speed of
macroscopic world, allows induction phenomena of propagation, the speed of light.
non-Newtonian gravitational fields similar to Faraday
induction in electromagnetic fields by moving heavy Heaviside's gravitomagnetic fields are hidden
masses at high velocities. ' in Einstein's Tensor equations. Alternatively, general

relativity theory can be written as linear perturbations
The basis for such phenomena are even of Minkowski spacetime. Forward4 was the first to

dating back before general relativity theory when show that thcse perturbations can be rearranged to
assemble a Maxwell-type structure which splits

___________________ gravitation into a gravitoelectric (classical Newtonian
* Research Scientist, Space Propulsion. gravitation) and a gravitomagnetic (Heaviside's

Phone: +43-50550-3142, Fax: -43-50550-3366, prediction) field. The magnetic effects in gravitation
E-mail: martin.tajmar@arcs.ac,at *** more commonly known as the Lense-Thirring or

* Staff Member, Science Management frame draggin£ effect describing precision forces of
Communication Division, rotating masses orbiting each other. "NASA's mission
Phone: +31-71-565 3460,' Fax: -31-71-565 4101, Gravit>' Probe B %vi11 look for experimental evidence
E-mail: clovis.de.matos@esa.int of this effect Sitnilar to electrodynamics, a variation

in gravitomagnetic fields induces a gravitoelectric
Copyright ©2001 by the American Institute of (non-Newtonian) field and hence provides the
Aeronautics and Astronautics Inc. All rights reserved. possibility to modify gravitation.
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Since both gravitation and electromagnetism
have the same source, the particle, the authors
recently published a paper evaluating coupling
constants between both fields5 based on the charge-to-
mass ratio of the source particle. This paper will
review the coupling between gravitation and
electromagnetisrn and point out the limits of present
day technology and the expected order of magnitude
of non-Newtonian gravitational fields that can be
created by this method. Possible amplification
mechanism such as ferro-gravitomagnetism and more
speculative work published in the literature will be
reviewed.

The principle of equivalence in the limit of
weak gravitational fields (the gravitational Larmor
theorem) will be explored and a possible new effect
(the gravitomagnetic Barnett effect) recently
suggested by the authors is discussed6. However the
direct detection of this effect is pending on the
possibility to have materials with high
gravitomagnetic susceptibility. Nevertheless we show
that the principle of equivalence in the weak field
approximation together with the gravitational
Poynting vector associated with induced non
Newtonian gravitational fields (through angular
acceleration) account properly for the conservation of
energy in the case of cylindrical mass with angular
acceleration. This is an encouraging result regarding
the possible detection of macroscopic non-Newtonian
gravitational fields induced through the angular
acceleration of the cylinder in the region located
outside the rotating cylinder. The detection of these
non-Newtonian gravitational fields outside the
cylinder would represent an indirect evidence of the
existence of the gravitomagnetic Barnett effect.

Finally the free fall of a massive cylinder
carrying, electric charge is studied. It is shown that in
order to comply with the law of conservation of
energy, and with the equivalence principle, the
acceleration with which the cylinder will fall depends
on its electric charge, its mass and its length.

If the last two effects exposed above are
experimentally detected, a technology that can control
the free tall of bodies with mass in the laboratory is at
hand. If the result is negative, a better empirical
understanding of Einstein's general relativity theory in
the limit of weak gravitational fields and when
extended to electrically charged bodies, would have
been achieved, which is a significant scientific result
as well.

2. Maxwell Structure of General Relativity
Theory

Einstein's field equation is given by

1 n %nG ^

During the linearization process, the following
limitations are applied:

1. all motions are much slower than the speed of
light to neglect special relativity

2. the kinetic or potential energy of all bodies being
considered is much smaller than their mass
energy to neglect space curvature effects

3. the gravitational fields are always weak enough
so that superposition is valid

4. the distance between objects is not so large that
we have to take retardation into account

We therefore approximate the metric by

(2)

where the greek indices oc, ft - 0, 1, 2, 3 and ry^/j -
(+1, -1, -1, -I) is the flat spacetime metric tensor, and

1 is the perturbation to the flat metric. By
proper substitutions and after some lengthy
calculations5 (the reader is referred to the literature for
details), we obtain a Maxwell structure of gravitation
which is very similar to electromagnetics and only
differs due to the fact that masses attract each other
and similar charges repel:

divBg = 0

rrot L =—--
dr

(3)

1

Maxwell Equation Maxwell-Einstein Equation
(E lectromagnetism) (Gravitation)

where g is the gravitoelectric (or Newtonian
gravitational) field and Bg the gravitomagnetic field.
The gravitational permittivity eK and gravitomagnetic
permeability r\g is defined as:

I = 1.19xl09

V*=' kg

(4)

(5)

(0

by assuming that gravitation propagates at the speed
of light c. Although not unusual, this assumption turns
out to be very important. Only if gravity propagates at
c the Maxwell-Einstein equations match the ones
obtained from adding necessary terms to Newtonian
gravity to conserve momentum and energy3.
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Moreover, the authors could show that with
this set of equations, the advance of the Mercury
perihelion - one of the most successful tests of
general relativity - can be calculated giving the exact
prediction than without linearization8. This is a very
surprising result because the advance of Mercury's
perihelion is attributed to a space curvature in general
relativity (Schwarzschild metric) which we neglected
in our linearization process. The assumption of c as
the speed of gravity propagation also implies that the
Lorentz force law and the gravitomagnetic potential
energy differ from their electromagnetic counterparts
by a factor of four8. Therefore some authors4 use c/2
as the speed of gravity propagation to get a gravity
Lorentz force law similar to electromagnetics.

The Einstein-Maxwell equations allow to
clearly see the gravitomagnetic component of
gravitation and the possibility to induce non-
Newtonian gravitational fields. Their close relation to
electrodynamics allow to transform electromagnetic
calculations into their gravitational counterparts9.

3. Coupling of Electromaqnetism and
Gravitation in General Relativity

By comparing gravitation and
electromagnetism in Equation (3), we see that both
fields are coupled by the e/m ratio of the field source
and we can write:

using the coupling coefficient K

(6)

(7)

Obviously, this coefficient is very small and
gravitational effects associated with electromagnetism
have never been detected so far10. By combining
Equation (6) with Equation (3), we see how both
fields can induce each other:

(8)
K: dt

I I dg+ —— -^-
K c~ at

Coupled Maxwell- Einstein Equations
(Gravitation-»Electromagnetism)

"**=-*-*
m 1 aE

(9)

For an electron in a vacuum environment
Ks=4.22xlO"32 kg/C. For example, let us consider an
infinitely long coil as shown in Figure 1.

• . • ©ooooooooooooooooooo • • •

Figure 1 Magnetic Field Induced in a Coil

The magnetic field induced in the center line is then

(10)

Coupled Maxwell-Einstein Equations
(Electromagnetism --^Gravitation)

where / is the current and n is the number of coil
wounds per length unit. For a current of 10,000
Ampere and 1,000 wounds per meter, the magnetic
field would be #=12.56 T which is state of the art.
The corresponding gravitomagnetic field is then
£</=5.3xlO~n s"1. Even using a coil with 100,000
wounds to induce an electric field, the amplitude of
the resulting gravitational field would only be in the
order of g=10~26 ms"2. This is much too small to be
detected by any accelerometers having measurement
thresholds of 10"9 ms"2. By using heavy ions in a
plasma instead of electrons we can increase the m/e
ratio by 6 orders of magnitude, however, the magnetic
fields to contain such a plasma transmitting a similar
current of 10,000 Ampere are out of reach.

Nevertheless, although the induced
gravitational fields are very small, in principle it is
possible to create non-Newtonian gravitational fields
along the same principles as we are used to in
electromagnetism.

4. Amplification Mechanisms

Since all these electromagnetic-gravitational
phenomena are so small, how can we amplify the
coupling coefficient in order to obtain measurable
non-Newtonian fields?

4.1 Gravitation-Magnetism

Similar to para-, dia-, and ferro-magnetism,
the angular and spin momentums from free electrons
in material media could be used to obtain a
gravitomagnetic relative permeability tugf which
increases the gravitomagnetic field Bg. Since an
alignment of magnetic moments causes also an
alignement of gravitomagnetic moments, the
gravitomagnetic susceptibility will be the same as the
magnetic susceptibility in a magnetized material5

Y - Y (\\\A * A { I I )
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For our example of the coil in Figure 1, a
ferromagnetic core would accordingly increase the
gravitomagnetic field and induced non-Newtonian
gravitational field by three orders of magnitude.
Although significant, the resulting fields are still too
low to be detected.

4.2 Coupling of Charge and Mass

All our discussions up to now are based on a
coupling at the source particle by the e/m ratio.
However, an additional coupling between charge and
mass of the source itself might exist and provide a
significant amplification mechanism.

Well accepted peer-review journals like
Nature and Foundations of Physics featured articles
on this topic describing experiments that suggest a
coupling between charge and mass in combination
with rotation (or acceleration, movement in general).

Dr. Erwin Saxl published an article11

reporting a period change of a torque pendulum if the
pendulum was charged. A positive charge caused the
pendulum to rotate slower than when it was charged
negatively, Figure 3 shows his observations with a
small asymmetry of the period change between
positive and negative potentials applied to the
pendulum. The period is expressed by

T = Constant- /— (12)

where m is the mass of the pendulum and g the Earth's
gravitational acceleration. Assuming that g is not
changed (it is highly improbable that the whole Earth
is affected), SaxTs measurement can be interpreted as
a change of the pendulum's mass by applying an
electric potential to it.

Prof. James Woodward from the University
of California reported experiments of accelerating
masses that, on the other hand, charged up according
to their mass and speed of rotation. His experiments
were done both for rotating masses12 as well as for
linear accelerated test bodies13. Published in the
Foundations of Physics and General Relativity and
Gravitation, he suggested a broader conservation
principle including mass, charge and energy. Results
of a test body hitting a target and inducing a charge
are shown in Figure 4. His results follow

q = Constant«m • a (11)

where q' is the induced charge, m the test mass and a
the acceleration (from rotation or calculated from the
impact velocity).

Hence, both Saxi and Woodward
experimentally reasoned a relationship between
charge, mass and acceleration. A combination of all
these factors to reduce/increase the weight of a body
is described in a patent by Yamashita and Toyama14.
A cylinder was rotated and charged using a Van der
Graff generator. During operation the weight of the
rotating cylinder was monitored on a scale. The setup
is shown in Figure 5. If the cylinder was charged
positively, a positive change of weight up to 4 grams
at top speed was indicated. The same charge negative
produced a reduction of weight of about 11 grams
(out of 1300 grams total weight). This is an
asymmetry similar to the one mentioned by Saxl11.
Also the relationship between charge, rotation and
mass is similar to Saxl and Woodward. The
experimentors note that the weight changed according
to the speed of the cylinder ruling out electrostatic
forces, and that it did not depend on the orientation of
rotation ruling out magnetic forces. The reported
change of weight (below 1 %) is significant and
indicates a very high order of magnitude effect.

Figure 3 Change of Torque Pendulum Period vs. Applied Potential11
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Figure 4 Charged induced by Body Hitting Target13

Figure 5 Setup of Charged Rotating Cylinder on Scale '

4.3 Alignment of Nuclear Spins

Henry Wallace, an engineer from General
Electric, holds three patents on a method to produce a
macroscopic gravitornagnetic and gravitational field
by aligning nuclear spins due to rotation1'"17. He
claims that if materials with a net nuclear half-spin
(one neutron more than protons in the nucleus) are
rotated, this nuclear spin is aligned and produces a
macroscopic gravitational effect. This is in fact
similar to the Barnett effect where a metal rod is
rotated and magnetisation of the material is observed.
However, macroscopic magnetism in
electromagnetism is caused by spin alignment of
electrons, nuclear magnetism plays a very minor role
due to the much higher mass of a proton or neutron
compared to the electron, in a gravitational context
the difference in mass is no major drawback anymore
and nuclear magnetism should be on the same order
of magnitude than electron magnetism. Usually, very
low temperatures in the order of nano Kelvin are
required to align nuclear spins, simple rotation would
be much more easy.

The contribution of neutron spins to
gravitomagnetic fields is theoretically on the order of

ferromagnetisnr. However, since Wallace claims to
have measured at least the induction of nuclear spin
alignment in a rotating detector material - by what he
thinks a gravitomagnetic field, possible unknown
amplification mechanisms (quantum gravity, nuclear
strong force interaction) could cause much higher
order of magnitude effects.

His setup is shown in Figure 6. A generator
assembly (test mass rotating in 2 axis) is mounted on
the left side and a detector assembly (similar to
generator) is mounted on the right side with the
possibility of rotation in the plane of the paper. A
laser is monitoring the oscillations of this detector
assembly. If both are rotated in the same orientation
and counter wise, the laser detected a difference
(Figure 7) which Wallace attributed to a force field.
Since it only depended on the nuclear spin (e.g. Iron
did not work but is a strong ferromagnetic material).
Wallace ruled out magnetism as the origin of the
force. In a different setup he showed that the field
generated could constructively reduce the vibrational
degrees of freedom of the crystal structure resulting in
a change of its electrical properties (Figure 8).
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Figure 6 Setup of Rotating Test Mass (2 Axis) and Generator (Left) and Detector (Right) Position15

Figure 7 Oscillations of Detector Assembly1
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Figure 8 Change in Thermal Vibration of Crystal Lattices15
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Hence, there is quite some experimental
evidence for an amplification mechanism through
nuclear magnetism to generate non-Newtonian
gravitationaj^fields using effect§j2redicted by general
relativity theory.

5. Principle of Equivalence and High-Order of
Magnitude Non-Newtonian Gravitation

We explored the limits of inducing non-
Newtonian gravitation using general relativity theory
as well as looking at possible and speculative
amplification mechanisms. Let us go back to the
foundation of gravitation itself and explore the
principle of equivalence in the limit of weak
gravitational fields.

Einstein based his thoughts of gravitation on
a famous Gedankenexperiment explaining the
principle of equivalence: An observer can not
distinguish between being inside a falling elevator or
in a uniform gravitational field. Based on this
equivalence, he developed the geometrical structure
of general relativity. In the limit of weak gravitational
fields, this simple Gedankenexperiment however is
not complete as it covers only gravitoelectric fields
and not the magnetic component of gravitation.
According to the Larmor theorem of
electromagnetics, a magnetic field can be replaced
locally by a rotating reference frame with the Lamor
frequency

dt
= —-<QB lT-da

dt
(16)

2 m (14)

The same argument applies for gravitation
and a rotating reference frame rotating with the Lamor
frequency can replace a gravitomagnetic field

C0i — —B (\ ^\Lg g v*-V

independent of the particle mass. The principle of
equivalence18 for weak gravitational fields (neglecting
space curvature) also called gravitational Larmor
theorem (GLT) should then be:

An observer can not distinguish between a uniformly
accelerated (v) reference frame rotating with the
gravitational Larmor frequency (o)Lff) and a reference
frame at rest in a corresponding gravitational field

But what happens if the speed of rotation of
the elevator changes? According to the GLT, this
would correspond to a change of a gravitomagnetic
field flux and therefore induce a non-Newtonian
gravitational component according to the gravitational
Faraday lawr:

where y is the non-Newtonian gravitational field,
F and £ are respectively the contour and surface of
integration, 0^ is the gravitomagnetic flux, B^is the
gravitomagnetic field, and Q is the angular velocity
of the reference frame. If the observer measures this
additional gravitational field the principle of
equivalence holds and he can not distinguish between
the elevator and the gravitational field. If he does not
observe this effect, the gravitational Larmor theorem
is not valid, as a weak field approximation to
Einstein's general relativity theory. We will show later
that these "induced" non-Newtonian gravitational
fields contribute to account for the mechanical energy
absorbed (dissipated) by a rotating body during the
phase of angular acceleration (deceleration).

Suppose the gravitational Larmor theorem
holds, every rotation corresponds to a gravitomagnetic
field, which is many orders of magnitude higher than
the gravitomagnetic field responsible for the
precession forces in the classical Lense-Thirring
effect.

5.1 Gravitomagnetic Barnett Effect

The authors discussed such rotational effect
described as the gravitational Barnett effect6. In 1915
Barnett19 observed that a body of any substance set
into rotation becomes the seat of a uniform intrinsic
magnetic field parallel to the axis of rotation, and
proportional to the angular velocity. If the substance
is magnetic, magnetization results, otherwise not. This
physical phenomenon is referred to as magnetization
by rotation or as the Barnett effect.

If a mechanical momentum with angular
velocity Q is applied to a substance, it will create a
force on the elementary gyrostats (electrons orbiting
the nucleus) trying to align them. This is equivalent to
the effect of a magnetic field in this substance Bctjuf
and we can write:

1 2/n, (17)

where g/ is the Lande factor for obtaining the correct
gyromagnetic ratio. We can now apply the same
argument to the gravitational case and postolate an
equivalent gravitomagnetic field BK <>qui which
counteracts the mechanical momentum:

-
o

(18)
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For an electron, gr2 and we see that physical
rotation is indeed equivalent to a gravitomagnetic
field. From Equation (18) we can compute the
gravitomagnetization acquired by the rotating
material:

g
(19)

where ^ is the garvitomagnetic susceptibility.
Taking into account the coupling between gravitation
and electromagnetism presented above we can
demonstrate the general result:

M,=- (20)

where % is the magnetic susceptibility of the material6.
This indicates that the gravitomagnetic moment
associated with the substance will be extremely small.
Therefore we can not use this gravitomagnetic
moment to induce macroscopic non-Newtonian
gravitational fields. However we can show, following
our discussion on the equivalence principle, that if the
field of rotation in Equation (18) can not be
distinguished from gravitomagnetism, it must be a
real field which we can use to induce non-Newtonian
gravitational fields. The detection of such fields
would represent an indirect proof of the existence of
the gravitomagnetic Barnett effect

5.2 Gravitational Poynting Vector and
Gravitational Larmor Theorem in Rotating
Bodies with Angular Acceleration

The gravitational Poynting vector, defined as
the vectorial product between the gravitational and the

c2
gravitomagnetic fields, Sg ~——yx.5g, provides a

mechanism for the transfer of gravitational energy to a
system of falling objects (we will consider in the
following a cylindrical mass m> with radius a and
length /). It has been shown20 that using the
gravitational Poynting vector, the rate at which the
kinetic energy of a falling body increases is
completely accounted by the influx of gravitational
field energy into the body. Applying the gravitational
Larmor Theorem (GLT) to a body with angular
acceleration. We get that a time varying angular
velocity flux will be associated with a non-Newtonian
gravitational field proportional to the tangential
acceleration. The gravitational electromotive force
produced in a gyrogravitomagnetic experiment can be
calculated using the gravitational Faraday induction
law as given in Equ (16). Together with the GLT
expressed through Equation (15) we get

£^~z (21)

The induced non-Newtonian gravitational
field associated with this gravitational electromotive
force is at the surface of the cylinder is:

(22)

(23)

From this non-Newtonian gravitational field
and the gravitomagnetic field produced by the rotating
mass current, we can compute a gravitational
poynting vector

c~ _ (24)

which will also provide an energy transfer mechanism
to explain how massive bodies acquire rotational
kinetic energy when mechanical forces are applied on
them21. The rate at which the rotational kinetic energy
of a body increases (or decreases) due to the
application of external mechanical forces on that
body, is completely accounted by the influx (out-flux)
of gravitational energy into (outward) the body.

(25)dt2

vvhere /, is the moment of inertia of the cylinder.
This demonstrates the validity of the gravitational
Larmor theorem, and shows how the transfer of
mechanical work to a body can be interpreted as a
flux of gravitational energy associated with non-
Newtonian gravitational fields produced by time
varying angular velocities. This is an encouraging
result regarding the possible detection of macroscopic
non-Newtonian gravitational fields induced through
the angular acceleration of the cylinder in the region
located outside the rotating cylinder. The non-
Newtonian gravitational field outside the cylinder is
given by:

(26)

where r > a is the distance from the cylinder's
longitudinal axis. For r < a we have, 7 = 0.5xaQ.
For the following values of r=l m, #~0.1 m,
Q = 200 Hz/s, 7 will have the value of 1 ms"2. We
recommend that experiments shall be peribrmed with
the aim of evaluating Equation (26).

Is it possible to use fluxes of radiated
electromagnetic energy to counteract the effect of
absorbed fluxes of gravitational energy? That is a
question Saxl, Woodward and Yamashita tried to
evaluate empirically. These empirical approaches
shall be complemented in the following by a
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theoretical analysis of the net energy flow associated
with the free fall of an electrically charged cylindrical
mass.

5.3 Free Fall of a Cyiindrical Mass Electrically
Charged

A cylindrical mass electrically charged in
free fall must comply with the law of conservation of
energy and with the principle of equivalence22. During
the free fall the cylindrical mass will absorb
gravitational energy, which is described by the
following gravitational Poynting vector:

4;rC
- £ mvy= — —Inai

(27)

where v is the speed of the cylinder while it is falling,
7 is the Earth gravitational field, m, a, I are
respectively the mass, length and radius of the
cylinder and nin is a unit vector orthogonal to the
surface of the cylinder and Poynting inwards. The
cylinder due to its electric charge will also radiate
electromagnetic energy according to the following
electromagnetic Poynting vector:

Mo
(28)

where Q is the electric charge carried by the cylinder,
/x0 is the magnetic permeability of vacuum and noul

is a unit vector orthogonal to the surface of the
cylinder and Poynting outwards. The principle of
equivalence states that if the cylinder is at rest with
respect to a reference frame which is uniformly
accelerating upwards (with respect to the laboratory)
with acceleration v = )£,, the cylinder will radiate
(with respect to the laboratory) according to the
following Poynting vector:

= —BxE = -
*n2 (29)

Therefore to comply with the principle of
equivalence, we shall take in Equation (28) v = y 23.

The sum of both energy fluxes in Equations
(27) and (29) must comply \\ith the law of
conservation of energy. Therefore the Sum of
gravitational incoming flux and the radiated
electromagnetic energy flux must be equal to the rate
at which the kinetic energy of the body varies in time.

Sem + S (30)

From Equation (30)
acceleration with which the
cylindrical mass will fall is:

mt

we deduce that the
electrically charged

(31)

Equation (31) shows that the free fall of an
electrically charged body would violate the law of
Galilean free fall, because the acceleration of fall
would depend on the electric charge, size and mass of
the falling body. The fact that the acceleration of fall
depends on the square of the electric charge rules out
the possibility to explain with the present analysis, the
observations of Saxl and Yamashita, regarding the
increase of mass for positively charged bodies and the
decrease of mass for negatively charged bodies.
Notice that following the rational which leads to
equation (31), the phenomenon described by this
equation should happen either in a reference frame at
rest in an external gravitational field or inside a
uniformly accelerated reference frame, therefore we
are not able to use this phenomenon to distinguish
between both situations. Consequently equation (31)
do not violate the principle of equivalence. To test
equation (31) we propose to measure the time of fall
of charged cylindrical capacitors, and compare it with
the time of fall of similar uncharged capacitors. For
w=10 grains, I-W cm, £>=100 C, we will have v = 0.
For these values the cylinder would not be able to fall!
However to avoid disruption currents for such a high
value of electric charge is a technological challenge.

Conclusion

In the present work we did an extensive
review of possible "classical ways" to induce non-
Newtonian gravitational fields from electromagnetic
phenomena or by using the principle of equivalence in
the limit of weak gravitational fields. If the
experiments performed by Saxl, Yamashita,
Woodward and Wallace were reproducible this would
represent a breakthrough in the possibility to control
gravitational phenomena at the laboratory scale. The
understanding of the principle of equivalence for
electrically charged bodies and in the limit of weak
gravitational fields is crucial to evaluate respectively:

• the possibility of directly convert gravitational
energy into electromagnetic energy during the
free fall of an electrically charged body.

• the possibility of inducing non-Newtonian
gravitational fields through the angular
acceleration we might communicate to solid
bodies.

The experimental confirmation of such
phenomena would be a dramatic step forward in the
technological control of free fall. The non detection of
the presented phenomena could lead to a better
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empirical understanding of Einstein's genera)
relativity theory in the limit of weak gravitational
fields and when extended to electrically charged
bodies, which is a significant scientific result as well.
These experiments could also contribute to decide
which approach to weak gravity is the correct one, i.e.
linearized general relativity or the extension of
Newton's laws to time dependent systems.
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Abstract
This article summarises some of the current activities of the gravitational research
group above. After surveying the role of gauge fields as carriers of the basic forces
in physics and the momentum conservation constraints placed on current propulsion
technology a number of alternative strategies, under active investigation, are briefly
discussed. The essential theme is the detection of hitherto undetected components of
gravitation that may have implications for the motion of matter. Such components
include gravito-magnetic fields and radiation modes as well as new scalar interactions
resulting from various proposals for the unification of gravitation with the other basic
forces. Experiments are suggested that may shed light on the existence of novel
gravitational interactions. These include the detection of transient gravitational fields
by means of orbiting Cosserat antennae and the effects of torsional forces on the
perihelion shift of planets.

1 Forces and Physics
The effective exploration of interplanetary sys-

tems and beyond demands advances in propul-
sion technology. Our visionaries tell us that the
pace of development will be interrupted by sud-
den advances analogous to the past discoveries of
manned flight and reciprocating combustion, gas
turbine and rocket engines. Besides "technologi-
cal breakthroughs" there is also a hope that new
"conceptual breakthroughs" in the foundations of
physics will offer new perspectives as guides in the
search for new technologies. Harnessing the power
of the electromagnetic field had to wait for Fara-
day and Maxwell and the development of nuclear
power sprang from an understanding of the quan-
tum nature of matter and the relativistic structure
of space-time. History teaches one that major de-
velopments in science and engineering are not al-
ways predictable within the context of the prevail-
ing wisdom of the time.

Modern physics continues to power technology
on many fronts. Much of this development springs

Copyright ©2001 by Robin Tucker. Published by the
American Institute of Aeronautics and Astronautics, Inc
with permission

from the quantum nature of matter and radiation.
By contrast gravitation defies a unique and con-
sistent quantum formulation. Its most elegant for-
mulation is in terms of the classical geometrical
properties of space-time and it is related to the
other interactions in nature at the level of classi-
cal physics. Here classical fields are the primary
structures and matter is modelled as "crystallised
field energy". Such concentrations of energy owe
their existence to the basic quantum laws of na-
ture but classical laws are often adequate to de-
scribe the interactions of such matter with fields
on a macroscopic level. These interactions depend
on a small number of physical attributes such as
inertial mass and interaction strengths ("charges")
that enter into the classical field equations. These
are expressed as tensor equations on a dynamic
space-time in general. Thus electromagnetic fields
couple to electric charge, nuclear force fields to
colour charge, the forces responsible for radioac-
tivity to weak-hypercharge and the mass-energy
of all fields to gravity. The significance of dif-
ferent force fields in any particular situation is in
large measure determined by the relative sizes of
these couplings. This follows since most basic laws
follow remarkable mathematical similarities. See
Figure 1. They are all associated with symmetries
of mathematical patterns (Lie groups) with field
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Interaction

Electromagnetic :
Electric charge
Electroweak:
Hypercharge
Strong:
Colourcharge
Gravity:
Mass-energy and spin

Mediating
Quanta
QED: Photon

QAD: W and
Z Bosons

QCD: Gluons

QG: Graviton

Lie Group Connection

U(l)

SU(2) x U(l)

SU(3)

Spin(3,l)

A6

A4

A3

A5

Dynamics

F = dA6
d*F = J[$,A6]

F = dA4 + [A4,A4]
£>*F = J[$,A4]

F = dA3 + [A3,A3]
D*F = J[$,A3]

F = dA5 + [A5,A5]
E[g, As] = T\g, $, A6, AS, A3, A4]

Figure 1: This table classifies the known force fields in terms of their attributes. Each can be associated
with a mathematical symmetry (Lie group) that determines how the fields interact with themselves^ other
force fields and matter at each event in space-time. The precise coupling to matter is determined by
different kinds of charge. Thus electrically charged particles couple to the electromagnetic field, colour
charged particles to the chromodynamic nuclear field and weak-hypercharged particles to the electro-weak
fields responsible for radioactive decay. At the quantum level these fields are mediated by field quanta;
photons, gluons and W-Z bosons respectively. All matter and fields with mass-energy couple to gravity. It
is expected that the quanta of gravitational waves (gravitons) will be responsible for a theory of quantum
gravity. The dynamics of all these fields have many similarities (they arise from "connections associated
with Lie groups") although gravitation occupies a unique position in classical physics since it is intimately
related to the structure of space and time itself.

strengths defined in terms of directions ("connec-
tions") in collections of mathematical structures at
each event in space-time. The gravitational field is
similarly determined by a field strength associated
with a Lie group although according to Einstein its
field equation breaks the mould set by the other
force fields in nature. This difference is accentu-
ated by the recognition that relativistic gravitation
may be formulated in terms of space-time geom-
etry, an idea that has had profound implications
for cosmogony and cosmology.

1.1 Propulsion Constraints

Given a propulsion unit, its effectiveness can
usually be gauged from the laws of classical
physics. In most cases forces on matter are pre-
scribed and Newtonian dynamics is in principle
adequate to describe the subsequent motion. For
propulsion in the vicinity of the earth the earth's
gravitational field (along with lift and drag of the
air) is omni-present and propulsion forces are de-
rived from the rate of change of momentum be-
tween "fuel" and "propelled system". Ifpropellant
is to be ejected as radiation or systems achieve
speeds that are an appreciable fraction of the
speed of light c, Newtonian dynamics is inadequate
and must be replaced by the more accurate rela-
tivistic equations of motion.

A great deal can be learnt about the demands
of enhanced propulsion proposals by elementary

considerations based on well established physical
principles1. It is inconceivable that the constraints
imposed by such principles will require dramatic
refinement by future scientific developments.

It is useful to distinguish between propulsion
systems that must operate in the vicinity of the
earth's surface and those in which Newtonian grav-
itational fields are negligible. With current tech-
nology expensive multi-stage chemical propellants
are required to place structures into earth orbit
and beyond. For a single propulsion system of
mass M(t) and speed V(t) at time £, lifting verti-
cally off the surface of a non-rotating earth with
zero initial velocity and ejecting mass at a speed
UQ relative to the propelled system, V(t) is given
by

(1)

in a region where the acceleration due to gravity
g may be considered constant. If the rate of mass
ejection is constant one may eliminate the burn
time t = tb given the specific thrust ratio 11 =
I + — where A is the initial acceleration of the
system at lift off. Then

v(tb)
= 7T-V°g

. A* to)
M(0)

where Vesc is the escape velocity for the earth.
Figure 2 shows V(tb)/Vesc versus Af (t&)/Af (0) for
three values of UQ/V€SC appropriate for chemical
propellants for both U = 1 and H = 2. These
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estimates set a benchmark for any new terrestrial
propulsion system that claims to improve current
multi-staging and chemical propellant technology.

0.5 0.6 0.7 0.8
Mass Ratio Mb/M(0)

Figure 2: These plots indicate the mass ratio
M(tb)/M(fS) required to reach a non-relativistic
speed Vb in the presence of the earth's (uniform)
gravitational field. Vesc is the escape velocity for
the earth. The upper three (dotted) curves corre-
spond to a specific thrust parameter 71 = 2. The
lower three (full) curves correspond to K = 1. In
each triplet the ejection speed is chosen to vary ac-
cording to three typical chemical propellants.

1.2 Relativistic Rockets

In an extra-terrestrial environment where New-
tonian gravitational fields are negligible the system
dynamics are different. To accommodate relativis-
tic mass-energy ejection one has from considera-
tion of rectilinear relativistic impulse dynamics in
an inertia! frame:

(2)

where the 4-momenta of the composite system are
respectively

Pt = II(V, M), (3)

and
Pt+Ai =

U(V + dV,M + dM) + II (^+^v~d^, dm]
\L " c*—— /

for
U(V,M) =

(4)

(5)

Taking the limit in (2) and eliminating dm yields:

1 dM(t) dV(t) I
M(t) dt (6)

where V(t) is the speed of the system relative to
an inertia! frame with clock time t. Here UQ is the
mass-energy ejection speed relative to the system
at any ejection event. If the initial speed of the
system is 1^(0) in the inertial frame and UQ is con-
stant then at any time t > 0 where mass-energy
ejection continues it follows that:

V(t)
1 + ap,(t)x (7)

where a =
Af(*)/Af(0), A = 2u0/c. This reduces to (1) for
g = 0 when c H->• oo. For chemical propellants with
MO ^ 10 km/sec, M(^) ^ 1 ton and for a final
speed V(t) c^ c/2 this implies M(0) ~ 107000 tons!
In Figure 3, V/c is plotted against the mass ratio fi
for any t for V"(0) = 0 and varying values of UQ/C.

Figure 3: These plots indicate the mass-energy
ratio M(t)/M(0) required to reach a relativistic
speed ratio V/c in the absence of any gravitational
field. Each curve has a definite ejection speed ra-
tio UQ/C relative to the propulsion system. These
are 1/20,1/10,1/5,3/10,1/2,7/10 and 9/10 in or-
der starting from the bottom of the plot. The ad-
vantage of relativistic mass-energy ejection is ap-
parent from these curves.

The advantages of high speed ejection UQ »-» c
over non-relativistic mass ejection are apparent in
this picture. To establish propulsion efficiency in
such cases one needs to know how the ejection
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mass ratio /x varies with proper time r (i.e.the time
measured by an on board clock). This permits one
to integrate equation (7) for the motion of the sys-
tem. Even for on-board robots a consideration of
non-destructive proper accelerations is clearly de-
sirable. Writing /x(r) = exp(-p(r)) the rectilinear
relativistic equations of motion (2) of the system
become:

Afl*( T-\ \ f\i T\

(8)dr
dt(r)

2
\p(r)= cosh „dr 2 (9)

The second equation (9) relates the on-board pas-
sage of time measured by r to a clock fixed in the
inertial frame measuring t. An attractive solution
can be found that gives the propulsion system a
constant proper acceleration A:

c2 ( A Ix(r) = -r < cosh —T - 1 >
A [ c J

t(r) = -7 sinh —r.A c

(10)

(11)
To achieve such a uniform proper acceleration the
proper mass ejection rate is required to satisfy

dp(r]
dr UQ

(12)

If a "photon" rocket (UQ = c) could be produced
to achieve an on-board mass-energy ejection sys-
tem with A = g (9.8 m/sec/sec) for an interval
of time n then ufa) = exp(-^). One readily
finds that M(0) = M(r&) exp(«) if n is taken as K
years. These considerations have powerful implica-
tions given the scales of space and time compared
to those of human existence. For a round trip to
a neighbouring star by such a photon rocket with
K ~ 9 one has exp(9) ~ 8000. Even a mass ratio
on this scale in a compact unit raises severe issues
of heat dissipation.

2 Alternative Strategies
An alternative approach is to restrict mass-

energy ejection mechanisms to local control pro-
grammes and seek dynamical propulsion in terms
of interactions between ambient fields and their
associated charges. Thus the system may be re-
garded as spending most of its time "coasting"
or "surfing" in space. Standard "coasting" in a
gravitational field is often referred to as "free-fall"
and the motion of some point in the system un-
der such conditions can be used as a reference of
zero proper acceleration. It would be a rare occur-
rence for space travel to be based entirely on free
fall in an ambient gravitational field. Departure

from such motion is often associated with non-
gravitational forces. Like any surfer or swimmer,
adjusting body configuration to the environment
can optimise transport. Such manoeuvering re-
quire a local expenditure of energy. However it
may be possible to mine this energy from the en-
vironment itself. A natural source in the solar sys-
tem is the sun itself or power transmitted by mi-
crowave from orbiting space-stations. When these
sources are not available recourse to other fields
including the gravitational field itself may be nec-
essary. Thus it is important to understand the
interaction of fields and gravity with matter, par-
ticularly if the latter has an extended structure
that can respond to the geometry of space-time.

2.1 Gravicraft

To illustrate a "swimming" mechanism one may
explore the concept of the gravicraft. In 1968
Beletsky and Givertz 2» 3> 4 introduced this notion,
powered by actively controlling the dimensions of
an extended body in orbit. Effective rates of or-
bital elevation above the earth demanded eccen-
tric orbits and tethered structures on the order
of several thousand kilometers in extent. Similar
systems 5) 6> 7> 8 have been proposed to enhance
maneuverability without the intervention of chem-
ical propellants and offer an attractive means of
cargo transfer between orbiting stations and en-
ergy generation. However, most theoretical esti-
mates of the transfer speed between orbits have
remained disappointingly low despite the obvi-
ous advantages of relying on environmental en-
ergy sources such as solar radiation and gravita-
tional tidal forces*. Gravicraft motion relies on
its coupling to the tidal component of a gravita-
tional field. For static gravitational fields the spa-
tial dimension of a gravicraft is determined by the
scale over which the field varies. We have recently
devised9 a new method of gravicraft propulsion by
actively varying its instantaneous moment of iner-
tia in a quasi-circular orbit. A primitive craft is
composed of two massive bodies connected via a
light tether whose length can vary between Imax
and Imin by the use of powered winches inside the
bodies. By varying the moment of inertia of such
a rotating system it is possible to transfer energy
between the spin and orbital angular momentum
of the craft. If the cycle of tether length variation
is chosen appropriately it is possible for the entire
structure to gain lift in the gravitational field. In

* Another attractive feature of gravicraft structures con-
trolled by tethers in the ionosphere is their potential for
generating power from ambient magnetic fields. In 1996
NASA used a conducting tether connected to the space
shuttle in order to generate electricity.
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the static field of a spherical mass M an estimate
of the average rate of height gain at radius r is
given by:

~~

where <2 is the Newtonian gravitational coupling
constant. For a gravicraft in low earth orbit with
a tether length varying between 50 and 10 km
this yields r ~ 300m//ir and if its mass is 103 kg
it expends about 425 watts. This ascension rate
is an order of magnitude greater than any previ-
ous gravicraft mechanism known to the authors.
Although primitive, such a mechanism illustrates
how one can in principle manoeuver matter in an
ambient gravitational field by exploiting its inter-
action with the field gradient. It also shows that
the smallness of G demands a significant sustained
gradient field for this mechanism to offer a viable
means of long term propulsion. It may however
offer a viable means to transport cargo between
space-stations in distinct orbits by taking energy
from the sun.

2.2 Gravito-electromagnetism

Several authors have noticed that a subset of
the Einstein equations when perturbed about flat
spacetime can be written in a form that looks
remarkably similar to Maxwell's equations with
the Newtonian gravitational field corresponding to
the gravito-electric field and mass-currents play-
ing the role of electric currents. Since the laws
of electromagnetism are well studied and under-
stood this analogy has proved quite fruitful in the
gravito-electromagnetic context particularly in as-
trophysical applications. Extended "astrophysical
jet-structures" are now thought to have their ori-
gin in gravito-electromagnetic forces.

In10 we have considered the most useful way to
define the gravito-electromagnetic fields in terms
of the perturbed components of the space-time
metric. Different choices are often responsible
for the location of odd factors of 4 that per-
meate the gravito-electromagnetic equations com-
pared with the Maxwell equations. Such choices
also have implications for the form of the induced
gravito-electromagnetic Lorentz force (and torque)
in terms of the gravito-electromagnetic fields that
enter into the equation for the motion of a mas-
sive point (spinning) particle. By analogy with
the covariant laws of electromagnetism in space-
time gravito-electromagnetic potentials and fields
are then defined to emulate electromagnetic gauge
transformations under substitutions belonging to
the gauge symmetry group of perturbative gravi-

tation. These definitions have the advantage that
on a flat background, with the aid of a covariantly
constant time-like vector field, a subset of the lin-
earised gravitational field equations can be writ-
ten in a form that is fully analogous to Maxwell's
equations (without awkward factors of 4 and ex-
traneous tensor fields). It is shown how the re-
maining equations in the perturbed gravitational
system restrict the time dependence of solutions
to these equations and thereby prohibit the ex-
istence of propagating vector fields. The induced
gravito-electromagnetic Lorentz force on a test par-
ticle is evaluated by geodesic perturbation in terms
of these fields together with the torque on a small
gyroscope. It is concluded that the analogy of per-
turbative gravity to Maxwell's description of elec-
tromagnetism can be valuable for (quasi-) station-
ary gravitational phenomena but that the analogy
has its limitations. The relevance of this work for
propulsion is that the equation of motion for any
massive particle with velocity v in a pure gravito-
electromagnetic field (£, B) takes the form

dt ~~ 4
in close correspondence with the Lorentz force
on electrically charged particles in the electro-
magnetic field (E, B). In the static field of the
earth the term 5/4 is responsible for the Newto-
nian gravitational acceleration field. The accom-
panying gravito-magnetic force determined by B
on mass currents has to date escaped detection,
but along with propagating gravitational waves
is thought to exist. A gyroscope in such a field
with velocity v is predicted to precess at a rate
(|v x £-B)/2 independent of its spin. In 2002 the
NASA satellite Gravity Probe B will be launched
to measure this effect. Although such gravito-
electromagnetic forces and torques are small in a
terrestrial environment they can be made to ac-
cumulate and their detection could herald a new
avenue of gravitational precision technology. In
addition to the £ and B gravito-electromagnetic
fields the equations of Einsteinian gravitation in-
volve a second degree symmetric tensor S3 that has
no electromagnetic analogue. The gravito-electro-
magnetic fields couple to this tensor and pro-
duce non-Maxwellian terms in the gravito-electro-
magnetic force and torque equations. This sug-
gests that the equations of motion for massive
spinning particles in gravitational fields deserve
closer scrutiny.

2.3 Orbiting Cosserat Detectors

We have begun an intensive study of the be-
haviour of slender visco-elastic structures in space.
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Such structures can be used to convert tidal grav-
itational fields into heat and hence extract energy
from gravitational fields.

They are also being studied with a view to us-
ing them as antennae for the detection of gravita-
tional radiation. The orbital dynamics of slender
loop structures, several km in length, are ideally
suited to analysis by the simple theory of Cosserat
rods n. Such a description offers a clean concep-
tual separation of the vibrations induced by bend-
ing, shear, twist and extension and the coupling
between eigen-modes due to tidal accelerations can
be reliably estimated in terms of the constitutive
properties of each structure.

The proposal is to use (several) orbiting
Cosserat structures in order to detect gravitation-
ally induced displacement correlations from among
unwanted sonic signals in the system. Each con-
tinuum structure can be tuned to the entire ac-
celeration field of a gravitational wave and reso-
nant response to circumferential excitations tuned
to optimise power absorption from continuous or
pulsed gravitational excitations. Different topolo-
gies (e.g. open spirals) yield alternative broadband
non-resonant responses.

The detection of gravitational signals in the 1
Hz region would provide vital information about
stochastic backgrounds in the early Universe and
the relevance of super-massive black holes to the
processes that lead to processes in the centre of
galaxies. Such information can only enhance our
understanding of the interaction of gravity and
matter and test the predictions of many proposed
generalisations of Einstein's description of gravi-
tation.

2.4 Scalar Fields and Mass Generation

In section (1) it was stated that the structure
of the basic interactions was related to a pattern
of symmetry groups. For gravity the symmetry
group of relevance encodes the invariance of the
speed of light in space-time and the behaviour of
particles with mass and intrinsic spin. One of the
great advances in recent years has been the recog-
nition that all these symmetries arise as approxi-
mations from a description of extended structures
in higher dimensions and that space-time is a clas-
sical approximation to a more general quantum de-
scription that unites all the fields shown in Figure
1. Although this picture is incomplete there are
indications that Einstein's original description of
pure gravitation may need supplementing with ad-
ditional fields. In particular, remnants of a higher
symmetry group may persist on scales accessible to
experiment. In this regime additional scalar fields

seem inevitable. The role of such scalar fields can
modify the short range behaviour of gravitation.
It is therefore of importance to explore whether
such fields can be detected experimentally and as-
sess their significance on the behaviour of other
matter.

One approach is to examine the manner in which
residual symmetries for gravity are broken. We
have recently shown 12 that the breakdown of local
Weyl symmetry in a theory of gravity can be ac-
commodated in the context of the standard model
of particle interactions. A natural setting for this
mechanism is a space-time geometry described by
a connection with dynamical torsion and a metric
that is not covariantly constant. Together with a
scalar field such a connection encodes new gravi-
tational interactions that can be reformulated in
terms of the standard description of Einsteinian
gravity. The emergence of space-time torsion, de-
pendent on the gradient of the dynamic scalar
field, is responsible for the appearance of the so-
called improved stress-energy tensor. In the bro-
ken phase in which electro-weak phenomenology
is discussed the theory gives rise to a Higgs par-
ticle with mass M^ and a new electrically neutral
vector boson with mass MQ such that

MQ 7

in terms of the couplings in the theory. It is of
interest to note that a number of grand unified
models predict a new neutral vector boson and ex-
perimental data are now detailed enough to check
for its existence. It appears that such data are
better described if the presence of such a boson is
assumed. The theory above has been analysed in a
broken phase in which normal gravitation (based
on metric perturbations about Minkowski space-
time) is negligible. The mass generation mecha-
nism has been connected with a component of non-
Einsteinian gravitation associated with the Weyl
connection Q. This forms part of the natural
space-time geometry determined from an action
principle and may be expected to give rise to new
kinds of force on matter. If the neutral boson de-
scribed by the excitation of the Weyl potential Q in
Minkowski space-time can be observed in current
electro-weak data it may signal that a new compo-
nent of gravitation can influence phenomenology
at energies well above the Planck scale.

2.5 Scalar Fields and Torsion Forces

In the scalar-tensor theory of gravitation for-
mulated by Brans and Dicke13, the motion of a
test particle was originally assumed to be a "Levi-
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Civita geodesic" associated with the metric de-
rived from the Brans-Dicke field equations (even
though the scalar field could vary in space-time).
Later Dirac in 15 showed that in a Weyl invari-
ant generalisation it was more natural to gener-
ate the motion of a test particle from a Weyl in-
variant action principle and that such a motion
in general differed from a Brans-Dicke Levi-Civita
geodesic. Although Dirac was concerned with the
identification of electromagnetism with aspects of
Weyl geometry even for neutral test particles it
turns out that test particles would follow "auto-
parallels" of a connection with torsion. We have
shown16 that the theory of Brans and Dicke13 can
be reformulated as a field theory on a space-time
with dynamic torsion determined by the gradient
of the Brans-Dicke scalar field $. Of course no new
physics of the fields can arise from such a reformu-
lation, although it does clarify certain issues relat-
ing to the conformal structure of the theory and its
couplings to matter with intrinsic spin. However,
the behaviour of spin-less particles in such a geom-
etry with torsion depends on the choice made from
two possible alternatives. One may assert that
their histories are either geodesies associated with
auto-parallels of the Levi-Civita connection or the
auto-parallels of the non-Riemannian connection
with torsion. Since one may find a spherically sym-
metric, static solution to the Brans-Dicke theory
(in either formulation), it is possible to compare
these alternatives for the history of Mercury about
the Sun by regarding it as a spin-less test particle
as in General Relativity.

To summarise the relevant equations of motion
the language of covariant differentiation is appro-
priate. Differentiation involves a limiting proce-
dure in which objects are compared at the same
point. In ordinary calculus space has an "affine
vector space structure" and there is a natural par-
allelism which permits vectors at different points
to be transported to common points for compar-
ison. Gravitation is formulated on a more gen-
eral manifold. A manifold does not in general
have a vector space structure and such a "natural
parallelism" is absent. A new structure* called a
"space-time connection", V , is required to trans-

t Consider a curve C with tangent vector C and an ar-
bitrary vector field X . An affine connection at a point p
in space-time is a map that takes the pair (C, X) to a new
vector VgX at p, which is linear in C, and satisfies

= c(<f>)x + 0 v^x
for all scalar fields <j> and vector fields X, Y. Due to the C
linearity (VX)P is a (1,1) tensor at p with (VX)P(C, ap) =
apCV^X) for all covectors ap at p. It is called the covariant
differential of X at p.

port vectors from one point in the manifold to an-
other, along an arbitrary curve.

The equation for a time-like auto-parallel is

where the 4-velocity C is normalised with respect
to the space-time metric g:

(15)

By expressing V in terms of the Levi-Civita con-
nection V with V — g(V, -) for any vector V one
may write this as

(the operator ig denotes contraction of the 2- form
with the vector C ) and interpret the right hand
side as a torsion acceleration field analogous to
the Lorentz force on electrically charged particles.
Note however that the torsion force produces the
same acceleration on all massive test particles. If
C is parameterised in terms of proper time r in
any coordinates x^(r], the above is:

dr dr
dx" dxx

dr dr

2*1/2"
(16)

To illustrate the effects of this equation of mo-
tion we have recomputed17 the classical shift in the
perihelion rate of Mercury's orbit about the Sun in
terms of a static spherically symmetric solution of
the vacuum Brans-Dicke field equations 13. Tak-
ing into account that the speed of Mercury is non-
relativistic and that its Newtonian orbit is much
larger than the Schwarzschild radius rs = 2GM/c2

of the Sun, one finds the perihelion shift per revo-
lution A of the orbit:

(17)

where 6^ = SA^TT, A^ = rs/ro and u> is the Brans-
Dicke coupling parameter. Using the Kepler pe-
riod

f = 27r(f3/(l-

the shift 6u may be expressed in terms of T and
e. This may be compared with the result based on
the assumption that Mercury's orbit follows from a
geodesic of the torsion- free Levi-Civita connection.
In this case one finds

3uHh4
So;+ 6

(18)
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where 6 = 3A?r (with A = rs/ro) is the perihe-
lion shift per revolution of the orbit based on the
Schwarzschild solution for the metric in General
Relativity.

SO 60
omega

Figure 4-' Behaviour o/A/£ as a function of the
Brans-Dicke coupling parameter u. The full curve
corresponds to a precession rate of Mercury's orbit
under both metric and torsional acceleration. The
lower dotted line corresponds to the original predic-
tion of the Brans-Dicke theory. The experimental
observations are consistent with A/J lying between
the full horizontal lines centered on A/£ = 1

Given the prominent role played by the motion
of test particles in many astrophysical phenomena
and the possibility of new gravitational interac-
tions mediated by scalar fields we feel that, with
the enhanced technology now available to modern
space science, the possible relevance of scalar field
induced space-time torsion should not be ignored.
Should the departure of spin-less particles from
Levi-Civita geodesic motion be detected in some
purely gravitational environment it would indicate
that matter has additional "gravitational charge"
in addition to its mass and to its electromagnetic,
weak and strong couplings to other fields in nature.

3 Summary

This article summarises some of the current ac-
tivities of the gravitational research group above.
Having surveyed the role of gauge fields as car-
riers of the basic forces in physics and the mo-
mentum conservation constraints placed on cur-

rent propulsion technology a number of alternative
strategies, under active investigation, have been
briefly discussed. The essential theme is the detec-
tion of hitherto undetected components of gravita-
tion that may have implications for the motion of
matter. Such components include expected con-
figurations of Einsteinian gravitation (including
gravito-magnetic and radiation modes) as well as
new scalar interactions resulting from various pro-
posals for the unification of gravitation with the
other basic forces. It would be premature to rank
these strategies in terms of potential for the ad-
vancement of propulsion technology. International
efforts are well advanced for the detection of grav-
itational radiation and the STEP experiment18 is
expected to place firm experimental bounds on
the foundations of General Relativity. We have
suggested above that there are also less expensive
experiments that may also shed light on the exis-
tence of novel gravitational fields and that if scalar
field gravitational interactions with matter can be
detected they may offer unsuspected avenues for
development.
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Abstract
Gravitational wave radiation is generated by the
quadrapole moment of matter that is in motion. An
analytical model is constructed to investigate the
radiation pattern and radiated power of a single
resonant vibrator cylinder, as compared to that of a
phased linear array. The linear array is then
evaluated in terms of phase relationship in order to
create an asymmetry in the radiated pattern and hence
a directional force. This is compared to the force of a
solar sail in the earth orbital plane.

Introduction

Einstein1 derived the weak-field solution of the
gravitational wave in accordance with the general and
special theories of relativity. This paper uses this
scientific background to describe a revolutionary new
approach to propulsion. Programmable laser diodes
in conjunction with semiconductor materials will be
used to generate a highly directional transverse wave
gravitational wave (TWGW) radiator. This
asymmetric TWGW radiator will create a directional
force through the center of mass of the radiating
system, thus forming a propellantless propulsion
system.

Theoretical work indicates the ability to generate
gravitational wave radiation through die quadrapole
moment of matter under stress and strain. The
radiation pattern is symmetric about the center of
mass, and the direction of the pattern is at right
angles to the stress and strain vector. The radiation
pattern looks like a torus. The radiated power is very
small (10"29) watts); however, when a linear sequence
of radiators is put together and their patterns are
allowed to superimpose, the total radiated power can
approach kilowatts. The asymmetry of the radiated
pattern is produced by adjusting die phase of the
radiators. The resulting power imbalance will
produce a force through the center of mass of the
radiators. In order to accomplish this task, high peak
power laser diodes will be used to photo-
accoustically drive thin-film resonators. It becomes

imperative to understand the energy flow between the
laser diode driving the resonator and the result in
gravitational radiation from the radiator.

In order to establish an analytical background
consider the following. Let % v be a Lorentz metric,
then the Riemannian metric is expressed as

as a first approximation under the weak-field
assumptions, K is Einstein's constant The potential
of the field can be expressed as

resulting in the form for 4-space

(3)

with retarded potential solutions of the form

This form will enable the definition of the energy-
momentum complex of the gravitational field in order
to evaluate the radiation energy and directivity of the
gravitational wave.

The Poynting vector of the gravitational wave can be
expressed as

(5)

The derivatives of the potential fields <(> with respect
to time and space coordinates are expressed by the
second and third derivatives of the mass tensor,

Copyright ©2001 The American Institute of Aeronautics
and Astronautics Inc. All rights reserved
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momentum tensor,

and the quadruple moment tensor,

(7)

(8)
The derivative forms for the potential fields are
substituted into the expression for the Poynting
vector, thus giving the expression for the radiated
energy per unit time, or power, within a solid angle
dO, as follows

8
(9)

Here the factor

represents the directivity of the gravitational wave
radiator.

Of particular interest for this paper is the resonance
vibrator, conceptually similar to what Weber2'3'4 used
as a gravitational wave detector. The resonance
vibrator is a cylinder (Figure 1), which is placed
under stress and strain.

Figure 1: Resonant Vibrator Cylinder

At this point assume the following dynamic
variables:

Displacement s = A^ sin(—) cos wt (l la)

Strain* = = -^cos(—)z cos wt (1 lc)

(Hd)

Bs -> Young's Modulus
The directivity can now be expressed as follows
(Figure 2).

(12)

270-

Figure 2: Resonant Vibrator/Gravitational Wave
Radiation

The pattern resembles a torus or "donut" mode.

It can be seen that the maximum radiation occurs in
the plane perpendicular to the vibrating z axis (Figure
2).

Consider a linear array of resonant vibrators (Figure
3).

resonant.vibrator cell

Figure 3: Resonant Vibrator Linear Array

Let high peak power laser radiation from laser diodes
be injected along the z axis to induce acoustic stress
in the material (Figure 4).

Particle velocity v = — = -VD sin(—)z sin cot C1 lb)
dt p V,
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laser
resonant
vibrator cell

Figure 4: Laser Diodes and Linear Array

The stresses will generate a weak gravitational wave
along the x axis. The gravitational wave generated
from a number of "cells" along the x axis can be
added in phase. The resultant gravitational "beam11

along the x axis is extremely intensified compared to
a single resonant vibrator "cell." The linear
arrangement will be referred to as a traveling wave
(TW)gravitational wave (GW) radiator, or TWGW
radiator.

The directivity of the TWGW radiator can be
expressed as (Figure 5).

/ » ( )2 cos4 e (13)

TWGW Radiator
\

0 0.5 1.0 -5.3°

Radiation lobe

figure 5: TWGW Radiator Symmetric Radiation
Pattern

The graphical result of Figure 5 is based on the
geometry of Figure 3 and the constants as follows.

Material: Quartz
b = 3xlO~5/w

£ = 0.3m
co = 62%xW12 radian I sec
(resonant frequency)
Vs = 5 x 103 m I sec (wave speed)
p0 =2650 kg In? (density)

As can be seen in Figure 5, the TWGW radiation is
very directional. This brings to question what type of
power levels could be estimated. To begin, consider
the single resonant vibrator cell (Figures 2 and 3).
The radiated power can be estimated by the following
expression.

^ K = «

Where
:-£) (14),vc

Then

kg
(Gravitational Constant)
£M=4xlQT3 (Strain)

PRy= 2.14 xlQ~29 watt (15)
As anticipated, this is a very small number.
However, for the TWGW radiator, the radiated
power can be estimated by the following expression.

here

Then

(16)

(Solid angle of the radiation)

Pmr=1.66xlQ3watt (17)
This shows how important the phase relationships
between individual resonant vibrators are!
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At this point it is important to realize that the radiated
gravitational wave carries energy and momentum
with it This is expressed as

/> = £ = £! (18)

Where P is the radiated power, t is time, e is the
energy of the gravitational wave, and P is the
momentum.

The resulting reaction force on the TWGW structure
is expressed as

C
(19)

Referring to Figure 5, it can be seen that the radiation
pattern is symmetric about the center of the TWGW
structure. Therefore any reaction force is balanced!
However, consider a variation in the phasing of the
laser diodes (Figure 4), where the lobes become
asymmetric (Figure 6).

TWGW Radiator

Radiation
Lobe

Figure 6: TWGW Radiator Asymmetric
Radiation Pattern

This can be accomplished by pulse timing, variation
in pulse rate, laser diode intensity, alternate materials,
and geometry. Here there is a net force in the
direction of the least intense gravitational wave
(Figure?).

TWGW Radiator

Net Reaction
Force Radiation Lobe

Figure?: Reaction Force
for Asymmetric Radiator TWGW

The reaction force is expressed as

—PL-RL2
(20)

As an example, let P RLI = 500 watt and PRL2= 3.5 x
103 watt, then
The net force, although small, raises the possibility of
a propellantless propulsion concept, utilizing current
technologies.

F =10x10^ Nt. (21)

Further Investigations

Mathematical analysis indicates that gravitational
wave propulsion is possible. Further investigation
will entail the following objectives.

1) Investigate the efficiency of converting laser
light into acoustic stress within TWGW
generating material candidates. The
acoustic stresses are responsible for
generating the quadrapole moment needed
to give rise to TWGW radiation. It will be
imperative to address questions on how
material uniformity, temperature, geometry ,
laser pulse width, repetition rate, and
wavelength will impact performance.

2) Investigate phasing techniques of the
TWGW elements in order to create various
asymmetries in the radiating pattern. The
directivity and intensity of the TWGW
radiator is key to the success of generating a
net propulsive force. How energy and
momentum transports are affected by
individual radiator phasing are of utmost
importance. The question of whether
harmonics distribute energy into other
"modes" or are negligible must be
considered.

The TWGW system must be analytically modeled as
part of the.above investigations. The results will lead
to study of a test article that will be used to
demonstrate the use of the gravitational wave
Poynting vector imbalance as a means of generating a
propulsive force through the center of mass of the
TWGW system. Conceptually a scale version of the
system could provide propellantless propulsion into
the outer regions of the solar system and/or orbital
transfer missions.
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Space Flight Application
An interesting example is a comparison of the
TWGW system to that of a solar sail at the earth
oibkal plane. Let the TWGW system be 1000 meters
in length. The resulting net propulsive force would
be about 61 Nt. For a square solar sail with a perfect
reflectivity experiencing a solar flux of 1.3xl03

watts/m2, the required area would be around 1.4 x 107

m2 for a force of 61 Nt. This is a perimeter length of
approximately 3.7 x 103m and must be normal to the
solar disk to experience the maximum momentum
transfer. Also, as the sail increases its distance from
the solar disk, the intercepted flux decreases with the
square of the distance. The TWGW system is not
dependent on the solar disk for operation.

Conclusion

An analytical model has been created to investigate
the nature of the radiated TWGW pattern with
respect to phase relationships between individual
"cell" radiators. Future models will investigate the
magnitude of side lobes or harmonics to determine
whether asymmetries cause less than desirable
effects. These results will be used for evaluation of
the generation of a net propulsive force.
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ABSTRACT 

We have previously reported on investigations pertaining to the measurements of gravitational field 
changes in the vicinity of a large rotating Type II superconducting disk. Published reports indicate that test masses 
have been observed to lose up to 2% of their weight when in the vicinity of such rotating disks. We have produced 
30 cm (nominal) diameter disks using YBazCu30,., and BiSCCO. In addition we have performed tests on the 
interactions between smaller YBCO disks and AC levitation fields and RF fields, using a sensitive gravimeter to 
monitor and record the local gravity field above the superconductors. We have not yet duplicated the reported 
experimental protocols, including rotation and levitation of a large two-layered YBCO disk. Static disk experiments 
to date have uncovered no measurable and repeatable gravity effect for the conditions tested to within the sensitivity 
of the gravimeter (which has a noise level on the order of 10 nano-G or less). 

FABRICATION OF LARGE BULK CERAMIC SUPERCONDUCTOR DISKS FOR GRAVITY 
MODIFICATION EXPERIMENTS AND PERFORMANCE OF YBCO DISKS UNDER EM FIELD 

EXCITATION 

Ronald J. Koczor, NASA, Marshall Space Flight Center, AL, 
David A. Noever, NASA, Marshall Space Flight Center, AL 

Background 

Attempts to unify theories of gravity with 
the other forces of nature have a long and checkered 
history. Some of the greatest minds the world of 
physics has known have believed that the connection 
is there. Clearly at the astronomical scale, gravity 
and electromagnetics interact through the mechanism 
of gravitational warping of space around massive 
bodies. Nonetheless, all credible attempts to 
experimentally demonstrate that connection on a 
laboratory scale have remained elusive. It is clear that 
if a manipulative method is found to treat gravity, 
extensive changes would occur in our everyday life, 
just as our lives changed once electromagnetism was 
understood. 

In 1992, E. Podkletnov and researchers at 
the University of Tampere, Finland, reported ’ 
demonstration of what he termed “gravity shielding.” 

********************* 
“Copyright c 1999 by the American Institute of 
Aeronautics and Astronautics, Inc. No copyright is 
asserted in the United States under Title 17, U.S. 
Code. The US Government has a royalty-free license 
to exercise all rights under the copyright claimed 
herein for Government Purposes. All other rights are 
reserved by the copyright owner.” 

The experiment consisted of spinning a Type 2 
superconductor (yttrium, barium, copper oxide, 

YBCO) in the presence of electromagnetic 
levitation and rotation fields and measuring weight 
changes in test masses suspended above the spinning 
disk. The effect reported was small, varying from 
tenths of a percent to as much as 2% of the test mass’ 
weight. A subsequent paper was distributed giving 
more details of the experiment. ’ 

While this is a small effect, it can be recalled 
that some of the most telling and seminal 
experiments in electromagnetics in the early 19” 
century were similarly of small magnitude. Their 
value was in demonstrating the basic phenomenon; 
useful amplifications and extensions came from 
others, once the basic idea had been demonstrated 
and accepted. 

In 1997 researchers at the Marshall Space 
Flight Center, Huntsville, Alabama, and colleagues 
began to investigate the Podkletnov experiment. The 
goal was to understand various phenomena related to 
the experiment and to replicate it. Marshall has a 
historical connection to the YBCO material, having 
been intimately involved in the first fabrication and 
characterization experiments over a decade ago. 

While there is general information available 
about to experimental set up, several critical 

1. 
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details are unclear. However, as we have reported, 
3,4V5 progress is being made and our understanding of 
bulk ceramic superconductors and their interactions 
with various electromagnetic fields grows. Also, a 
significant step forward in the measurement of small 
changes in gravity fields was made with the 
application of a highly sensitive and stable 
gravimeter to the experiment. This gravimeter is 
capable of measuring changes in the local gravity 
field as small as 5 x lo-’ G. In this paper we will 
discuss our progress in fabricating large bulk 
superconductors and various preliminary experiments 
to understand how these materials interact with AC 
fields levitation. 

Large Bulk YBCO and BiSCCO Disks 

The central component in the Podkletnov 
experiments is a composite structure annular disk of 
YBCO superconductor. The YBCO material 
normally exhibits a superconducting transition 
temperature of around 94K; making it an exciting 
superconducting material since it is useable with 
liquid nitrogen cooling. Podkletnov fabricated a dual 
layered disk, having one layer of YBCO that became 
superconducting around 94K and another layer that 
became superconducting around 60K. It is his belief 
that this composite structure is a mandatory feature to 
see the effect. Our results to date do not dispute that 
assertion. 

While the ceramic superconductors offer 
much potential, their well-known characteristics have 
led present day research with YBCO from bulk to 
thin fihn configurations. There are no published 
reports of fabrication of large bulk ceramic 
superconductors, in part due to the enormous 
challenges facing anyone who attempts tq fabricate 
them. Since it is central to our goals, we undertook 
to fabricate such a disk. Working with colleagues at 
the University of Alabama in Huntsville and at 
Martin Technologies, Inc. (also of Huntsville), and 
after much trial and error, we succeeded in 
fabricating several single layer YBCO disks (on the 
order of 30 cm in diameter and ranging in thickness 
from 0.5 to 1 cm). Recently with our colleagues at 
Tomorrowtools, Huntsville, we fabricated as 32 cm 
diameter annular disk made from BiSCCO (bismuth, 
strontium, calcium, copper, oxide) superconducting 
material with a nominal superconducting transition 
temperature between 100 and 110 K . Figure 1 
shows the YBCO disk (left) and the BiSCCO disk 
(right) fabricated at Marshall. 

Successful fabrication of such large 
superconductors resulted from attention to 3 process 
steps, material selection, mechanical pressing, and 
thermal processing. Details of the process are being 

reviewed for patent applicability and so cannot yet be 
discussed. However, the process results in disks 
having excellent mechanical structure and moderate 
superconductive performance as expected from 
sintered bulk materials. Characterization of the 
resulting disks indicates transition temperatures for 
YBCO in the 92K to 94K range and critical currents 
on the order of 20 to 100 amps/cm*. The BiSCCO 
disk is presently undergoing characterization and 
results are not available. 

Fabrication of the YBCO disk used pre- 
processed YBCO superconducting powders; 
The process used for the BiSCCO disk was based~ 
upon the sol-gel process prepared with precurser 
nitrates in an autoignition process. Subsequent 
pressing and heat treating created the correct 
BiSCCO superconducting formulation. 

Only one em field test was run using these 
large disks, as we are presently completing their 
characterization.’ This test involved a preliminary 
attempt to induce radio frequency energy into the 
disk and measure any resultant gravity field changes. 
This test is reported below. Other experiments have 
been underway using smaller, commercially available 
YBCO disks to characterize their interactions with 
various electromagnetic fields. These experiments 
are also reported below. 

Small Disk Interactions with AC Levitation Fields 

One series of tests was run to determine how 
the superconductors react to alternating current, AC, 
levitation fields. It is generally known that these 
materials react differently to AC fields than DC. 
And, again, while much information is available for 
thin films and very small bulk samples, we believe 
these tests are the first reported for large pieces. 

The experiments were performed using two 
commercially available melt-textured crystal seeded 
YBCO disks. One was a single layer disk having a 
diameter of about 13 cm and a thickness of about 1 
cm. The other disk was a 10 cm diameter two layer 
disk. The levitation field was generated by a 3 
solenoid assembly driven by Elgar model 1001 SL 
variable voltage, variable frequency power supplies 
with a Model 9023 variable frequency oscillator for 
frequency control. These supplies are capable of 
generating up to 30 amps from 50 Hz to 4500Hz. 
Magnetic field characteristics were measured using 
an F.W. Bell model 9500 gaussmeter. The 
experimental protocol was to cool the 
superconductor, place it over the solenoids and turn 
on the field. 

Results show that the 13 cm diameter single 
layered disk levitated with an 860g field at 45 Hz, 
750g at 300 Hz, and 650g at 600 Hz. Levitation was 
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not achieved at higher frequencies due to the 
inductive reactance of the solenoids and the 
subsequent current-limitations in them. Another test 
revealed that the 10 cm two-layer disk levitated with 
600 g at 45 Hz. 

Given these data and the fact that a sintered 
30 cm disk will be both heavier and have lower 
critical current than the melt textured disks above, we 
expect significantly stronger fields will be required to 
levitate the large disks. On the other hand, the coils 
had small field cross sections Larger field cross 
sections as well as stronger fields will assist 
levitation. 

For one series of tests, we placed the 
levitating disk approximately 1 meter below the 
gravimeter. The disk and levitation fields were in a 
Faraday cage with the gravimeter above and outside 
the cage. Tests without the disk in place 
demonstrated that the gravimeter reading was not 
influenced by the levitation fields. For this test a 45 
Hz field was applied to the disk using the 3-solenoid 
system described above for levitation while the 
gravimeter was recording. Figure 2 gives the results 
for one run using the 10 cm two layered disk. Each 
division on the vertical scale is 10 nano-G; each 
division on the horizontal scale is 72 seconds in 
elapsed time. In all cases reported here, the 
gravimeter is set for a 2 second sample integration 
time. The results of this test show no evidence of any 
effect of the levitating disk on the gravimeter above 
the noise level of the gravimeter. Other frequencies 
were run with similar results. At higher frequencies, 
fields were applied even though they were 
insufficient to levitate the disk. In some cases 
changes in the gravity reading are seen; however, 
they are all on the order of a 100 nano-Gs or less and 
are not repeatable. 

Figure 3 (having the same scale as Figure 2) 
exhibits data from a run in which the 10 cm 
composite structure disk was exposed to 9 pulses of 
45 Hz field. For this test field intensity was 1100 
gauss and the disk did levitate with each pulse. Pulse 
rate was one pulse per minute with a 50% duty cycle. 
As can be seen, there is no significant change visible 
the in gravimeter reading during the experiment 
although there are minor transients that may be 
related to the pulses. The experimental setup was as 
described above. 

It has been suggested that when a 
superconductor transitions from normal to super 
conducting mode, a possible transient gravity signal 
is produced. Figure 4 exhibits data from a run in 
which gravimeter readings were taken during 
cooldown of the 2 layer disk using the experimental 
setup described above. The figure shows where the 
liquid nitrogen was first poured and when rapid 

boiling of the liquid stopped. A small magnet 
levitated when placed over the disk at the cessation of 
boiling, indicating that the disk was superconducting. 

In summary, no conditions were found in 
which excitation of a small YBCO disk by a low 
frequency levitation signal produced repeatable 
changes in the gravimeter reading. 

Large YBCO disk RF Field Interactions 

A series of experiments was run to 
characterize the effects of megahertz-range rf on a 30 
cm YBCO disk. The experiments used a tunable rf 
generator and amplifier capable of 100 watts output 
between 1 and 100 MHz. Most tests focused on the 3 
to 20 MHz range. Rfwas applied through a 12 turn 
coil wound toroidally around one section of the disk. 
An impedance matching network was used to 
maintain a constant load to the amplifier. 

Initial tests demonstrated that the gravimeter 
was susceptible to the rf. This susceptibility 
manifested itself in lockup of the gravimeter data 
system at high rf levels (25 watts or more). This 
susceptibility was eliminated using standard rf 
shielding procedures on the gravimeter and by 
enclosing the YBCO disk and rf coil in a grounded 
Faraday cage. 

Figure 5 is representative of these tests. In 
this case a series of four 3.5 MHz, 100 watt pulses 
were applied to the disk while it was 
superconducting. As can be seen, there are changes 
in the gravimeter reading appearing to coincide with 
the pulses, having amplitudes on the order of 10 
nano-G. 

Other tests performed include application of 
rf during cooldown of the disk and measurement of 
the gravity field with various rf frequencies applied. 
These data are presently being evaluated and will be 
reported later. In general, there are more repeatable 
and consistent gravimeter variations observed with 
the rf excitation than with the low frequency AC 
levitation excitation. However, all changes seen to 
date are less than 100 nano-G in amplitude. 

Summarv 

We have succeeded in manufacturing large 
(30 cm diameter) superconducting disks using the 
YBCO and BiSCCO materials. These disks, 
weighing between 3 and 4 Kg, depending on 
thickness, are being used to investigate reported 
interactions between em fields and the local gravity 
field. 

The reported interactions occur in an 
experimental protocol that we have not yet 
duplicated. Our initial attempts are to individually 
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characterize possible interactions under static (non- 
rotating) conditions. We have completed these initial 
characterizations, data is being analyzed, and 
preliminary results were reported here. 

All observed interactions were on the order 
of nano-Gs and considerable care is being taken to 
assure that these observations are not artifacts of the 
experimental set up or interactions between the em 
fields and the gravimeter. 

We are currently developing experimental 

1. 

2. 

hardware to test the large disks now being routinely 
fabricated. We expect to achieve levitation of the 30 
cm disks under em field excitation later this year, 
with rotation soon to follow. Further experiments 
are also underway to optimize disk fabrication for 
increased critical current and mechanical stability and 
to develop a process to fabricate a two layered 30 cm 
disk. 
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Figure 1 30 cm YBCO superconducting disk (left) and 32 cm BiSCCO 
superconducting disk (right) fabricated at NASAMSFC. 

4. 
American Institute of Aeronautics and Astronaut-jcs 



(c)l999 American Institute of Aeronautics & Astronautics 

2.63 - ___.._.... - _..- .- _ .-.. 
! 

2.62 --! 

2.61 

2.60 

----. .-.-._._ ..__ _.,. _ .- - .- .-~-.- 

RAPID 
BOo.lNO 

5 

f- --. - 

z 
c 

1 

B 
-4 
6 LNZ POUR 

STARTED 

2.59 

Time (hours) 

2.58 
14.02 14.04 14.06 14.08 14.1 q4.12 14.14 14.16 14.18 14.2 14.22 14.24 

Figure 4 Gravimeter reading during cool down of a 10 cm YBCO 
superconducting disk. 
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ABSTRACT 

Recent tar-reaching theoretical results have used the quantum vacuum noise as a f&lamenml 
electromagnetic radiation field to derive a hequency (cu) -dependent version of Newton’s gravitational 
coupling term, G(o). This paper reconciles the cutoff i?equency with the observed cosmological constant, 
then briefly puts forward a realizable laboratory test case in the lo-100 MHz frequency range. One 
analogy is drawn between the classical vacuum energy experiments with attraction between two closely 
spaced plates (Casimir cavity) and the arbitrariiy dense material boundaries possible in Bose condensates, 
such as irradiation at MHz frequencies of superfluid helimn or superconductors. 

LARGE-SCALE SAKHAROV CONDITION 

David Noever and Christopher Bremner 
NASA &z&tall Space I’G’ight Center, Space Sciences Laboratory, Mail Code: ES76, Huntsville, AL 35812 

Theoretical Background 

Zel’dovich [ 1 J first suggested that gravitational 
interactions could lead to a small disturbance iu 
the (non-zero) quantum fluctuations of the 
vacuum and thus give rise to a finite value of 
Einstein’s cosmological constant in agreement 
with astrophysical data. Using dimensional 
analysis and the suggestion by Zel’dovich, 
Sakharov [2] derived a value for Newton’s 
gravitational constant, G, in only one free 
parameter, tiequency, CL): 

G-c% Jo do- l/J odar 
where c is the speed of light and h is the Planck 
constant. The &cc parameter in fbzquency when 
integrated over all values from zero to high 
fiequermies, must contain the usual integration 
cutoff value (Planck frequency on observable 
electromagnetic phenomenon). 

Puthoff [3] and others [4-51 have 
extended sakllarov’s condition in a 
relativistically consistent model to determine 

“Copyright 1999 by the American Institute of 
Aerona&cs and A&onautics, Inc. No copyright 
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US Code. The US government has a royalty-&e 
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claimed herein for govermnent purposes. All 
other rights are reserv& by the copyright 
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constants of proportionality. His model derives 
an acceleration term in first order expansion (in 
flat space&me), then equates inertial and 
gravitational mass (by the equivalence principle) 
to make contact with the gravitational constant, 
G, directiy as: 

G=(nc5/h&)- l/J o do 
which is the Sakharov condition [2,3]. This 
paper revisits the meaning of the cutoff 
&equency, coo for radiation inWae&ns, of 
which the quantum vaduum 16-101 and Planck 
frequency are only the leading terms, and for 
which linear combinations of forces can 
introduce other plausible l3equencies. One 
purpose of this reexamination is whether the 
resulting gravitational coupling constant, G, can 
be reconciled with the anticipated energy density 
of the universe [ 111 without resorting to extreme 
space-time curvature and thus yield enough 
critical density to contain the expansion of the 
universe. Finally we particularize the case to 
the high density fluctuations possible in Bose 
condensates [12], a potential experimental test 
case for how the effects of vacnum noise might 
manifest observably. 

One far-reaching consequence of the 
vacuum energy model is the attractive force of 
gravity becomes reducible to the radiative 
interaction between oscillating charges, e.g. the 
zero point field (ZPF) applied to subatomic 
charges. h4as.s and inertia arise from the 
fimdamentaliy electromagnetic ZPF oscillations. 
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This random background gives the usual 
quantum mechanical energy spectrum from 
particlefield effects: 

p(o) da-w3 do, 
a very important dimensional relationship, since 
the thiid power in frequency avoids anomalous 
Doppler shifts from velocity boosts, or stated 
alternatively is the correct spectra for a 
Lorentzian (non-accelerated) invariant radiation 
field [13]. 

More specifically, the energy spectrum 
[3] can be written as: 

p(a) da= [02 /z2c3] @a/2]da, 
=hro3/2a%3 ~CD -03 dco 

which is an expression in the first parenthesis of 
the density of the normal modes and in the 
second parenthesis of the average energy per 
mode. When this energy density is integrated 
over all fresuencies, the o3 divergence produces 
well-known infinities in the integration limit of 
high frequencies, thus an assumed cutoff 
frequency (appropriate to experimental 
observation limits at the PIanck f&quency), is 
usually introduce4k 

cop=(cSihG)‘~ 
For mass, m, moving in an accelerated 

reference frame, g=-a=Gn&, the resulting 
energy spectnrm includes a gravitational 
spectral shift [3], 

A@(o) da= hcu/2&? [Gm/?12do -l/r4 do 
a kind of short-range (l/r”) gravitational energy 
shift but electromagnetic in origin when zero 
point fluctuations are included. (N.B. To 
account for equal gravitational mass effects in 
neutrons and protons, the ZPF oscillations must 
involve subatomic charges, or ‘parton’ effects. 
The assumption derives tiom high-frequency 
interactions of ZPF wherein these subatomic 
particles are asymptotically free to oscillate as 
independent or ftee particles as quantum noise]. 

A further far-reaching consequence 131 
is mass itself becomes interpretable as a 
dependent quantity derived t?om a damped (with 
decay constant, I’) oscillation driven by random 
ZPF: 

m=I’c3jG==2h I%c%~ $ Q da, 
with the only two fkee parameters, the damping 
fhctor I’, and again the frequency, CO. The 
internal kinetic energy of the system contributes 
to the effective mass. 

This leads to an overall average 
spedral density, written in terms of mass as: 

Ap’(w) = m2c50L2hoC4r4 

for the electromagnetic field distribution near 
(l/r”> to the mass, m, which in detail is half 
electric and half magnetic. 

One additionally attractive feature is 
the correspondence between this derivation and 
the view of gravity as a dynamical scale- 
invarianc&reakmg model (e..g symmetry 
breaking near the Planck mass energy [14]). A 
final result includes the force calculation 
between two ZPF radiation oscillators, of the 
correct form yielding Newton’s average force 
law: 

<F>--Gm2/ir 
Thus, for a Newtonian force to 6rst 

order in a flat space-time, Sakharov [2] could be 
credited for proposing gravity as not a 
fundamentally separate force and Puthoff [3] 
and co-workers [4-S] applied the vacuum 
electromagnetic field to equate gravity to a long- 
range radiation force (e.g. van der Waals-like 
force). Higher order oscillatory gravity modes 
vary as (sin[co&c])2. 

To fist order, a weak G coupling 
constant, G-(nc5/hco~), appears far high 
frequency cutof% at the Planck scale. A 
corollary in analogy to electromagnetic. 
shielding by ordinary matter can be rationalized 
as the problem of &quency mismatch at high 
Pianck frequencies, e.g. ZPF cannot be 
fundamentally shielded. In other words, 
&quency mismatch precludes gravity shielding 
by matter. 

The purpose here is to revisit the only 
fke parameter, the frequency cutoff, more in the 
spirit of a mass resonant frequency. The 
motivation for this approach can be summarized 
as: 1) the generality of other compkxnentary 
radiation effects without relying on ZPF alone 
(e.g. other isotropic, homogeneous radiation 
sources); 2) the weak coupling constant, G, 
yields a vastly smaller than observed size of the 
universe (e.g. too small cosmological constant) 
when the Planck fioquency is used as a cutoff 
value; and (3) the particle mass,, m=JYc3/G, can 
be viewed as a renormalized or ‘dressed mass 
with a resonant interaction potential that is 
fresuency dependent in its coupling constant, G, 
and with ‘bare’ mass that is large, m,-(mr2/m), 
where the experimentalIy unobservable, 
mr=(hc/G)*’ is the Planck mass. 

In particular, why this large ‘bare’ 
mass does not generate a large gravitational 
field is not a unique anomaly in the Sakharov 

2 
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derivation, since similarly large vacuum point 
energies are common to field theories. The 
important point is that the derivation G(o) is 
general however to any isotropic radition field 
with the Lorentz-invariant energy spectra [p(o) 
-(Do], thus the candidates for the cutoff 
frequency of the particular radiation source can 
be interpreted as a Planck scale only if the rest 
mass, m, is not composed of many terms, rather 
than just the ZPF leading term. Since the ZPF 
is akin to a van der Waals force [3-51, 
polarizability (in charge and mass) must be 
considered, but without also excluding any 
number of linear combinations that might have 
alternative cutoff tiequencies, o. or damping 
terms, I, ‘ala particle physics interpretations for 
resonant masses during renormalization. In 
other words, once a gravitational energy 
spectrum, p(o), is postulated that is Lorentzian 
invariant, many fimdamental sizes (or 
corresponding f?equency values) are smeared (or 
dressed) by any number of characteristic 
frequencies between zero and the high frequency 
electromagnetic (Plan&) cutoff, wr. Quite 
simply, is the expression, w,= (ap, a requirement 
for all radiation sources? 

Many types of particle oscillations may 
satis@ the general requirements of a Sakharov 
condition, each having a characteristic mass 
(and energy) as in calculating the mass of any 
f%ndamental particle at its resonant &quency 
(including underlying partial charges or dense 
bosons). This brings the calculation to a 
consideration of the high density fluctuations 
characteristic of a Bose condensate [ 15-191. 
While the high density variation may 
intrinsically be of interest, the exploration has 
more to do with reconciling the ZPF 
interpretation of the Sakharov condition with 
the observed cosmological constant [ 143. 

A &top-down’ view of calculating the 
cutoff fresueney imposes the self-consistency 
test for the cosmological constant, A, from the 
outset. To calculate, A, for ZPF, the total 
frequency-integrated energy density of the 
universe must be included: 

p(E)=J p(E) dE =h&/Sn2c3 
which must have a mass equivalent, contribute 
to the universe’s curvature, and thus have a 
fundamental relation to the critical density to 
contain the expansion of the universe [14-H]. 
The mass-equivalent ZPF to reach the universe’s 
critical density {lS], ~10-~’ g cni3 would 

necessarily limit the cutoff f&quency for gravity 
to the value, w,<7xlO’ s-r, or between lo-100 
F* 

A higher frequency greatly overshoots 
the cosmological constant, A, and induces 
extreme curvature in the universe. This problem 
has been cited frequently and stated most bluntly 
as either ZPF or the cosmological constant 
requires revision. The relevance here arises from 
similarly large positive coupling terms in 
quantum gravity [ 151, which also generate a 
local gravitational instability for typical upper 
limits on the cosmological constant, 
N8?rG<10’2 cm4. 

Rather than to dwell on the 
inconsistencies that plague attempts to reconcile 
quantum gravity, we particularize the problem 
to a case where the restriction to Planck scale 
becomes less clear, namely the high density 
fluctuations and universal scaling introduced in 
a Bose condensate. A Bose condensate, such as 
superfluid helium or superconductors [ 15- 191, 
becomes of potential interest, mainly because of 
its arbitrarily dense boundaries and the classic 
Casimir experiment [20-221 which allows such 
dense material boundaries (two closely spaced 
conducting plates), if available, to modulate the 
background quantum fluctuation of ZPF. In 
other words, the matter-ZPF interaction becomes 
measurable by the observed attraction between 
two material boundaries. What dense boundaries 
might generate in Bose condensates remains a 
subject of greate interest. 

The significant case to investigate is 
whether Casimir-lie interactions [20-22J will 
not only couple to ZPF radiation at a scale 
comparable to the quantum noise (or other 
radiation field), but also alter the value imposed 
by the Sakharov condition for G. It remains an 
open question whether this potential coupling 
interaction shares, as in ordinary critical 
phenomenon, the density correlation function, 
@, that is both. independent of the coupling 
strength (or universal in renormalization) and 
consistent with the observed average energy 
density of the visible universe. 

Thus the purpose here has been to 
restate the Sakharov condition in the 
gravitational coupling constant, Cl, based on its 
only free parameter, a tiequency cutoff, w,. Any 
potential relevance arises I&n similarly large 
values for the positive coupling term in quantum 
gravity, which generate conditions for a local 

3 
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gravitational instability for typical upper limits 
on the cosmological constant, N8nG<1012 UII~. 

To restate the Sakharov condition, 
matter in the vacuum provides boundaries for 
reduced ‘Casimir-like’ modes available for 
otherwise isotropic radiation &om quantum 
tluctuations (broad spectral noise). That this 
view reproduces Einstein gravity has been 
examined, including the fir11 relativistic 
derivation [4-51. The details of the appropriate 
mass, however, remain buried in the kinetic 
energy of general internal particle (‘parton’) 
motion [33. Any appeal to a specific parton 
representation is limited only by essentially free 
particles with high-frequency interactions, 
including underlying partial charges or dense 
bosons. The basis of considering arbitrarily 
high density fluctuations in Bose condensate in 
apdogy to the ZPF-Casimir experiment remains 
both an empirical and theoretical case to 
examine. There exist laboratory scale cases [15- 
191 where resonant radiation in the required 1 O- 
100 MHz range appear to produce anomalous 
effects for such Bose condensates as 
superconductors, but further work to con&m 
these results would be needed. In other contexts, 
these eilkcts have been discussed as the Schiff- 
Barnhill effect for superconductors interacting 
with a gravitational field [23J, but for the static 
rest mass rather than an ef&ctive mass in a 
conduction band, 

Experimental Propositions 

J. Weber [24,25] proposed the use of a 
superconducting Bose condensate for gravity 
wave detection, principally because of its 
potentially higher signal-to-noise ratio in 
carrying electrical signals upon length dilations 
in a relativistic framework for gravity waves 
travelling near the speed of light. W. Weber and 
Hickman [26l derived an experimentally testable 
relation based on torquing- of a charged 
capacitor parallel to a gravity field, with 

z=2E& [CL /(l- a)‘“], 
where the capacitor will rotate relative to the 
gravity vector, for CL =2GM/rc*, r is 
Schwarzschild radial coordinate [dR=dr( l- 
a)‘“], Eg is dependent on the capacitor charge 
and geometry of the plates, E,=Q%/[2&$%(1- 
c#~], for a plate separation, d, and radial 
dimensions, W and L, charge Q, and E the 
permittivity of free space. For plate separations 

of 2 mm on Earth, the maximum torque is 
approximately r=10-12 Nm, when charged to 213 
dielectric breakdown. While not entirely 
promising for detection of such low torques, the 
large separation (2 mm) distance between 
capacitative plates naturally prompts 
generalization to the classic Casimir force [21 J 
experiments OnlY recently confirmed 
experimentally [2OJ. In particuhtr, we rewrite 
the torque values to include the &zquency terms 
derived with the Sakharov condition 
[G=(nc%,211: 

a =2 M rrc3/hoG2r 
The appeal of this formulation is that a 
frequency dependent torque is derived, which 
further makes contact with proposals to 
modulate the Casimir capacitative plates for 
continuous extraction of energy [27l. This result 
requires further investigation experimentally, 
particularly to compare with previous reports for 
anomalies in AC-tuned electrical capacitors 
P83. 
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Abstract 

In 1996, a team of government, university and industry researchers proposed a program to seek 
the ultimate.breakth/oughs in space transportation: propulsion that reqmres no propellant mass, 
propulsion that can approach and, if possible, circumvent light speed, and breakthrough methods 
of energy production to power such devices. This Breakthrough Propulsion Phy.sics program, 
managdt by Lewis Research Center, is onepart of a com prehens~e, long range A~lvanced. Space 
lransportation Plan managed by Marshall Space Flight Center. Because the breakthrough goals 
are beyond existing science, a main emphasis of this program is to establish metrics and-ground 
rules  to produce near-term credible progress toward these incredible possibilities. An 
introduction to the emerging scientific poss~ilities from which such solutions can be sought is 
also presented. 

INTRODUCTION 

In 1996, Marshall Space Flight Center (MSFC) was tasked to formulate a comprehensive 
strategic plan for developing space propuMon technology for the next 25 years. This "Advanced 
Space Transportation Plan. ~ spans the nearer-term launcher technologies all the way through 
seeking the breakthroughs that could revolutionize space travel and enable interstellar voyages. 

New theories and phenomena have emerged in recent scientific literature that have reawakened 
consideration that such breakthroughs may be achievable. To establish a program to address 
these visionary possibilities, a "Product Definition Team" of researchers was assembled. This 
team, led by NASA Lewis Research Center, consisted of 19 individuals from various NASA 
Centers, other government laboratories, industries, and academia (listed in acknowledgments 
section). Most team members are part of an existing informal network that had already 
recognized the potential of the emerging science and had conducted preparatory research on how 
to apply these prospects to the goal of creating revolutionary propulsion. 

To anchor the program in real and tangible terms, the team configured the program to produce 
near-term,crediBle, and measurable progress toward determining how and if such breakthroug.hs 
can be achieved -- credible progress to incredible possibilities. There is no guarantee that. the 
desired breakthroughs are achievable, but it is possible to produce progress toward a goal without 
tlrst proving it is achievable. This paper introduces how this program aims to answer these 
challenges as well as giving a brief introduction to the emerging physics which reawakened 
interest in these visionary ambitions. 

SPECIFYING GOALS AND SCOPE 

To focus the program, the first step is to specify what breakthroughs are genuinely required to 
revolutionize space travel. A NASA precedent for systematmally seeking revolutionary 
capabilities is the "Horizon Mission Methodology" (Anderson 1996). This method .forces 
paradigm shifts beyond extrapolations ot existin~ technologies by using impossible hypothetical 
mission goals to solicit new solutions. By setting impossible goals, the common practice ot 
limiting visions to extrapolations of existing solutions is prevented. The "impossible"goal used 
in this exercise is to enable practical interstellar travel. Three major barriers exist to practical 
interstellar travel; propellant mass, trip time, and propulsion energy. To conquer these hurdles 
the following three propulsion breakthroughs are sought, l hese are the goals of the 
Breakthrougli Propulsion Physics program: 
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(1) Eliminate or dramatically reduce the need for rocket propellant. This implies discovering 
fundamentally new ways to create motion, presumably by manipulating inertia, gravity, or 
by any other interactions between matter, fields, and spacetime. 

(2)Dramatically reduce trip time to make deep space travel practical. This implies discovering 
a means to move a vehicle at or near the actual maximum speed limit tor motion through 
space or through the motion of spacetime itself. If possible, this means circumventing tBe 
hght speed limit. 

(3)Discover fundamentally, new on-board.energy production methods to power propulsion 
devices. This third goal is included in the program since the first two breakthroughs could 
require breakthroughs in energy generation to power them, and since the physics underlying 
the propulsion goals is closely linked to energy physics. 

The scope of this program only covers seeking the genuinely needed breakthroughs rather than 
seek.in K re.finements to existing solutions. As such, existing concepts that are based on firmly. 
established science, such as hght sails, magnetic sails, beamed energy, nuclear rockets, and 
antimatter rockets, are not part ot this program. These concepts are~eing explored in other 
programs. 

SCIENTIFIC FOUNDATIONS 

New possibilities have emerged in recent scientific literature that have reawakened interest 
toward conquering the goals described above. These include theories that suggest that gravity 
and inertia are electromagnetic side effects of vacuum fluctuations (Haisch 1-994 and Puthoff 
1989), anomalous,experimental evidence suggesting a possible .gravity altering affect from 
spinning superconductors (Podkletnov 1992)= theories suggesting that taster-than-fight transport 
may be possible using wormholes (Morris 1988) or using warp. arives (Alcubierre ]994), and a 
theory suggesting that sonoluminescence is evidence of extracting virtual photons trom vacuum 
Iluctuation energy (E.berlein 1996). These are in addition to older theories about creating 
propulsive effects without rockets (Bondi 1957 and Forward 1963). 

In addition, there have been workshops (Bennett 1995, Evans 1990, and Landis 1990), recent 
surveys (Cravens 1990, Forward 1990, and Mead 1989), suggested research approaches (Cramer 
1994, Forward 1984 and 1996, and Mlllis 1996), and even some exploratory experiments (Mil]is 
1995, Schlicher 1995, and Talley 1991) on this subject. And recently, a non-profit society, the 
Interstellar Propulsion Society, was established to provide a collaborative forum to accelerate 
advancements toward these goals (Hujsak 1995). 

PROGRAM CHALLENGES 

Since the scientific principles do not ye t  exist from which to engineer the technological 
solutions to these challenges: new scientific principles are sought. See-king such visionary and 
application-focused phy.sics ts not a usual activity for aerospace institutions, so this program 
fades both the technical challenge of  discovering the desired breakthroughs and the 
programmatic challenges of how to conduct this work. To answer these challenges, the program 
will-develop the research solicitation and selection criteria and the metrics for quantifying 
progress to meet the technical and programmatic challenges. 

The technical challenges include: (1) focusing emerging theories and experiments to answer 
NASA's propulsion needs, (2) finding the shortest path to developing the breakthroughs amidst 
several, divergent and competing approaches, and .(3) balancing the imagination and vision 
necessary to point the way to bre~throughs with the credible, systematic rigor necessary to 
make genuine progress. 

The programmatic challenges include: (1) advocating such long range research amidst 
dwindhng resqurces and stiff competition from nearer-term, more conservative programs, (2) 
creating cgnlldence that research funded today will lead to the necessary breal~t.hroughs, {3) 
selecting the most promising researcla tasks from the large number of divergent and competing 
approaches, and (4) conducting meaningful and credible research economically 

1298 



PROGRAM PRIORITIES 

To s.imultaneously focus emerging sciences toward answering the needs of space travel and to 
provide a programmatic tool tor measuring progress and relevance~ this program will develop 
prioritization criteria suitable for breakt~ough-seeking research. Ihese criteria help potential 
researchers to tocus their work, and provide NASA with the means to quantity the relative 
benefit ot competing research proposals. Examples of these criteria, which are still'evolving, are 
presented below: 

• APPLICABILITY: Research proposals that directly address a propulsive effect are given 
preterence over those addressing basic science or supporting technologies. 
EMPIRICISM: Research proposals for experimental tests are given preference over proposals 
for analytical or theoretical work. Emp.iricism is considered to be a more direct indication ot  
physica[ phenomena and experimental hardware is considered to be closer to becoming 
technology thanpure theory. . . 
TARGETED GAIN: Research j~roposals that address large potential improvements in 
propulsive abilities are given preterence over those of lesser .potential improvements. This 
comparison can only be made between concepts that are of s~milar developmental maturity. 
Iargeted gains include reducing trip time, reducing non-payload vehicle mass, reducing energy 
req6irements, and reducing development cost. 
ACHIEVABILITY: Research proposals whose subjects are closer to becoming a working 
device are given preference over longer range deve[opments. This comparison can only be 
made between concepts that are of similar propulsive alSility. . 
IMPACT: The more likely the research results will be used by others, the higher it is ranked. 

Another criteria to be used is a "Traceability Tree." This tree is the reverse of. a fault tree (a 
common tool used in accident risk assessments). Instead of branching out all the ways that a 
given accident can occur, the Traceability Tree branches out the conceivable paths to reach a 
propulsion breakthrough, Figure 1. This tool provides a means to measure how a given research 
tasl~ is linked to the en~t goals of discovering a propulsion breakthrough. 

Differential 
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FIGURE 1. Illustrative Example of a Traceability Tree. 
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Another philosophy behind the NASA program is to supoort multiple small tasks rather than a 
single, larger task. Since the search fqr breakthrough prophlsion.physics is at an early stage, there 
are a large number of divergent and competing approaches. It is still too soon to tel1 which 
approaches will provide the shortest path to success. I o  cover the bases, a diverse program of 
multiple, small, and short-term projects is preferred. 

To balance vision and imagination with credible systematic rigor,, th.e NASA program is open 
to perspectives that go beyond or appear to contradict conventional theo.ry, with the conditions 
that (1) the perspectives must be completely consistent with credible empirical evidence, (2) the 
utility, ot the alternate perspective must be clearly delineated, and (3) tile make-or-break issues 
must be clearly identified to suggest the next-step research objectives. 

There is another facet to this ."beyond conventionalism." Institutions such as NASA routinely 
get numerous unsolicited submlsslo'ns from individuals who claim to have a breakthrouoh devicb 
or theory.. Frequently these submissions are too poorly conceived or incomplete, or tgo~cpmplex 
to be easily evaluated. To distribute this workload to other credible organizations and to keeo an 
open mind to the possibility that one ot these mayerick inventors may have actually made a 
breakthrough, the t'ollowing approach is suggested. Any individual who thinks they have a 
breakthrough device or theory is strongly a~tvised to collaborate with a university or other 
educational'institute to conduct a credible test of their claim. The university, can propose the test 
as an educational student project, where the students will learn first-hand about the scientific 
method and how to apply systematic rigor and open-mindedness in conducting a credible test ot 
an incredible claim. In such collaborations it is suggested .that .the inventors retain full 
intellectual property rights to their devices or theories, and that t he  universities make the 
p.roposal andreceive alIthe funds to conduct the student projects• With this procedure, if the 
device or theory works, then supporting evidence would be established in a credible fashion and 
the originator would retain the intellectual property rights. If the device or theory does not work, 
then at least the students would have had a meaningffil educational experience, and the concept's 
originator can work on another idea. 

MEASURING PROGRESS 

One of the challenges to this program is t 9 demonstrate that research conducted today is 
making measurable progress directly toward the long-ranze targeted breakthroughs. The 
traceaNlity tree and selection criteria presented earlier proyi~es a means to demonstrate that a 
given research approach is linked to the end goals, but another metric is needed to ,quantity that 
progress is being made. To provide this measure, a more explicit version of the Scientific 
Met-hod is used for measuring the level of advancement of a~iven scientific approach, similar to 
the way that the "Technology R.eadiness Levels" (Hord-1985) are used for quantifying 
technological progress. A draffofthese scientific readiness levels is below: 

• Pre-Science: Suggests a correlation between a desired effect and an existing knowledge base, 
or reports observations of unexplained anomalous effect. 
Scientific Method Level 1, Problem Formulation: Defines a problem specifically enough to 
identify" the established knowledze base and the remaining knowledge gaps. A "problem" is 
an explicit statement of a desire/t goal (e.g. the 3 Breaktlirough PropulSion Physics program 
goals~j or explicit observations of an anomalous effect which cannot be explained using the 
established 1Lnowledge base. 
Scientific Method Level 2, Data Collection: Compiles relevant information to address a 
specific problem by experiment, observation, or mathematical proof. 
Scientific Method Level 3, Hy.pothesis: Suggests a mathematical representation of an effect 
or the relation between physical phenomena. 

Scientific Method Level 4.Test Hypothesis: Empirically tests a hypothesis by comparison 
to observablephenomena or by experiment. 
Technology Readiness Level l ,  Basic Principles Observed and Reported: Equivalent to 
established-science, where an effect has been olSserved, confirmed, and modeled sufficiently to 
produce a mathematical description of its operation. 
Technology Readiness Level 2, Conceptual Application Designed. 
Technology Readiness Level 3, Conceptual Design Tested Analytically or 
Experimentally. 
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STATUS AND DIRECTION 

A government steering group, containing members from various NASA centers, DOD and DOE 
laboratories has been established to develop the research solicitation and selection criteria to 
meet the programmatic and technical challenges. These criteria are to be in place by mid 1997, 
in time for tl~e next program milestone; a kicl~-off workshop. The invitation-onlyworkshop will 
examine the relevant emerging physicsand will produce a fist ot next-step research tasks. -If the 
workshop successfully demonstrates that promising and affordable approaches exist, funding 
may be granted to begin conducting the step-by-step research that may eventually lead to the 
breakthroughs. 

CONCLUSIONS 

New theories and laboratory-scale effects have emerged that provide new approaches to seeking 
propulsion breakthroughs. To align these emerging possibilities toward answering the 
propulsion needs of NASA, a research program has Been established that tocuses on producing 
near term and credible progress that is traceable to the breakthrough goals. 
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ABSTRACT
Quantum electrodynamics predicts that empty space
(the quantum vacuum) contains a large amount of
energy that corresponds to the lowest energy state
(energy >0) of the electromagnetic field. Surfaces in
the vacuum can experience forces that arise from the
disturbance in the vacuum energy. The presence of
attractive "Casimir" forces between uncharged,
parallel, metal plates has been accurately verified in
the last several years. Theoretical calculations have
suggested the presence of repulsive vacuum forces
for certain geometrical configurations. Here we
describe an experiment in progress that is designed to
determine if repulsive vacuum forces exist. In the
experiment we measure the force exerted on a 200
um diameter metallized sphere mounted on an
Atomic Force Microscope (AFM) that is placed very
close to an array of gold microcavities. Observing a
repulsive force on the sphere would verify the
existence of repulsive forces. The ability to create
attractive and repulsive vacuum forces by means of
the geometry of the surfaces may permit the
construction of devices that use ubiquitous vacuum
energy in ways that assist with the space travel
mission of NASA.

INTRODUCTION
Understanding the nature of vacuum forces and
vacuum energy and how to manipulate this energy to
obtain desired forces is a prerequisite to using these
ubiquitous natural resources in any space
application1. The theory for vacuum forces and
quantum vacuum energy comes from Quantum
Electrodynamics (QED), the theory of the interaction
of matter and light2. The role of the quantum
vacuum is pervasive in modern physics. For
example, it is involved in the calculation of atomic
energy levels, the magnetic moment of the
electron, the mass of elementary particles,
spontaneous emission, dispersion forces between
molecules, the large-scale structure of space-time.

The experiment discussed in this paper is part of a
three-year effort to begin to build, step by step,
the knowledge base necessary for vacuum
engineering. Our objective is to develop
theoretical models of elementary systems that
utilized vacuum forces and energy, to understand
how these models behave, and then to explore
some of these models experimentally. Since the
critical dimensions required for these devices are
typically micron to submicron, the experimental
research utilizes microfabrication technology, and
the methods developed for MicroEIectro-
Mechanical Systems (MEMS).

In space applications the application of vacuum
energy systems might be power generation,
propulsion itself, or the manipulation of the metric of
space-time itself by the creation of regions of positive
and negative energy density3. It is too early to
determine if such developments are possible or to be
able to clearly determine the role of vacuum energy
in future space applications. If we can develop
technologies for space travel that utilize vacuum
energy, it is very convenient since this energy is
pervasive throughout the universe.

Fifty years ago, Casimir predicted that the
modifications to the vacuum energy arising from the
presence of two uncharged, parallel, metal plates
would cause the plates to attract each other. This
attractive Casimir force varies as the inverse fourth
power of the separation. At a separation of 10 nm the
force/area is about 1 atm. In 1997 the prediction of
Casimir was verified for the first time. In 1998
precision measurements corroborated the predictions
of an attractive vacuum force between neutral parallel
plates to an accuracy of several percent. In March
2001, scientists at Lucent Technology used
attractive parallel plate vacuum forces (Casimir
forces) to actuate a MEMS torsion device4. Other
MEMS devices using vacuum energy have been
proposed.5

"Copyright ©2001 Quantum Fields LLC.
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Recent calculations have indicated that forces due to
the quantum vacuum predicted by QED depend very
strongly on the geometry of surfaces. For certain
rectangular metal cavities, QED predicts the
existence of repulsive forces on the walls of the
cavity6. In this paper we describe the current
status of the first experiment specifically designed
to measure repulsive forces due to modifications
in vacuum energy density achieved by using metal
surfaces. The vacuum force is measured by means
of an Atomic Force Microscope using a 200 um
diameter metallized ball placed on the end of a
calibrated cantilever. Our model suggests that a
repulsive force on the ball would be observed when it
approaches within 10's of nanometers from the top of
an array of rectangular cavities, each of which is
lOOnm across and 1 um deep, patterned in gold using
x-ray photolithography (Figure 2). For small
separations between the surface of the sphere and the
top of the cavity array, we are approximating an array
of closed cavities, which, according to a QED
calculation, exhibit repulsive forces. The force
between the sphere and the cavity array is
modeled numerically, with heuristic
approximations, to be compared to the measured
force. It is important to note that no rigorous
method has yet been developed to calculate the
vacuum force between any two non-planar
conducting surfaces using QED. Only the parallel
plate problem has been solved. Indeed there is some
disagreement that a repulsive Casimir force should
ever be present between two separate bodies7.
Measurement of repulsive forces between separate
conducting bodies may be expected to stimulate new
developments in QED.

If our experiment verifies the existence of
repulsive vacuum forces, then it may be possible
to utilize repulsive forces as well as attractive
vacuum forces in microelectro-mechanical
systems (MEMS). The existence of attractive and
repulsive Casimir forces might permit the
development of a variety of novel MEMS devices
of potential use to NASA.

Quantum Electrodynamics (QED), Vacuum
Energy and Casimir Forces
Quantum Electrodynamics (QED), the theory of the
interaction of electromagnetic fields and matter, has
made predictions of atomic energy levels and
electron magnetic moments that have been verified to
1 part in 1012, which makes QED the most precisely
verified theory in science8'9. In order to achieve this
accuracy, QED predictions have to include the

interaction of matter with "empty space" or, more
accurately, the quantum vacuum10.

Some predictions of QED are less enthusiastically
received by the physics community than others. One
of the confounding predictions of QED is an energy
density in empty space that is many orders of
magnitude greater that the energy density of matter
itself11. For years this feature of QED was dismissed
as of no physical significance. However, observable
forces can result when surfaces are present that alter
this vacuum energy density. About 50 years ago,
Phillips Laboratory physicist H.G.B. Casimir
predicted the presence of an attractive quantum
vacuum force between neutral, parallel, metal
plates12. In the last three years, experiments have
accurately confirmed this prediction of QED for the
first time, verifying the existence of attractive
vacuum forces between conductive surfaces13'14'4.
The parallel plate Casimir force goes as the inverse
fourth power of the separation between the plates. At
a separation of 100 nm the predicted force/area is
equivalent to about 10"4 atm.; at 10 nm it is about 1
atm.

BACKGROUND
Since most aerospace researchers do not have
backgrounds in quantum systems, we provide a brief
background to motivate our study. It is certainly not
obvious that there should be any energy at all in
empty space, much less a very large amount! Nor is
obvious why there should be forces due to the
vacuum fluctuations. The evidence for this
theoretical conclusion lies in numerous well verified
experiments on atomic energy levels, the magnetic
moment of the electron, the behavior of liquid
helium, and the scattering of elementary particles15.

Vacuum energy is a consequence of the quantum
nature of the electromagnetic field, which is
composed of photons. A photon of frequency a> has
energy #o>, where h is Planck's constant. The
quantum vacuum can be interpreted as the lowest
energy state (or ground state) of the
electromagnetic (EM) field that occurs when all
charges and currents have been removed, and the
temperature has been reduced to absolute zero.
In this state no ordinary photons are present.
Nevertheless, because the electromagnetic field is
a quantum system, like an atom, which has
internal motion even at absolute zero, the energy
of the ground state of the EM field is NOT zero.
Although the average value of the electric field <E>
vanishes in the ground state, the Root Mean Square
(RMS) of the field <E2 > is not zero. Similarly the
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RMS of the ground state magnetic field <B2> is not
zero. Therefore the electromagnetic energy in the
ground state, which from classical electrodynamics is
proportional to <E2> + <B2>, is not zero. A detailed
theoretical calculation tells us that the
electromagnetic energy in each mode of oscillation
with frequency a) is Vihto, which equals one half of
the amount of energy that would be present if a
single "real" photon of that mode were present.
Adding up Vzhto for all possible modes of the
electromagnetic field gives a very large number for
the vacuum energy E0 in the quantum vacuum:

(0.1)

The resulting vacuum energy E0 is infinity unless a
high frequency limit is used.

Inserting surfaces into the vacuum causes the
modes of the EM field to change. This change in
the modes that are present occurs since the
electromagnetic field must meet the appropriate
boundary conditions at each surface16. Surfaces
alter the modes of oscillation and therefore the
surfaces alter the energy density corresponding to
the lowest state of the EM field, In actual practice,
the modes with frequencies above the plasma
frequency do not appear to be significantly affected
by the metal surfaces since the metal becomes
transparent to radiation above this frequency. In
order to avoid dealing with infinite quantities, the
usual approach is to compute the finite change in the
energy of the vacuum AEo due to the presence of the
surfaces17:

change • in •vacuum
^energy • due • to • sufaces_

^energy • in •
\empty • space _
energy • in • space

(0.2)

-E.
with - surfaces

where the definition of each term is given in brackets.
This equation can be expressed as a sum over the
corresponding modes:

AE0 (due • to • sufaces) =
empty
space

surfaces

-i Z
(0.3)

The quantity AE0, which is the change in the
vacuum energy due to the presence of the
surfaces, can be computed for various geometries.
The forces F due to the quantum vacuum are
obtained by computing the change in the vacuum
energy for a small change in the geometry. For
example, consider a hollow conducting rectangular
cavity with sides a1? a2, a3. Let en(ai, a2, a3) be the
change hi the vacuum energy due to the cavity, then
the force F! on the side perpendicular to ai is:

den (0.4)

Figure 1. Geometry of rectangular cavity.

Equation (0.4) also represents the conservation of
energy when the wall perpendicular to ai is moved
infinitesimally18:

Sen = -F[Sal (0.5)

Thus if we can calculate the vacuum energy as a
function of the dimensions of the cavity we can
compute derivatives which give the forces on the
surfaces. For uncharged parallel plates with a
large area A, very close to each other, this
equation predicts an attractive or negative force
between the plates:

he
240

(0.6)

This force is called the parallel plate Casimir
force, which was measured in three different
experiments in the last three years13'14'4. The
Casimir force has only been computed and
measured for this very large parallel plate
geometry.
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QED makes some unexpected predictions about
Casimir forces in other geometries that have never
been verified. For conductive rectangular cavities,
the vacuum forces on a given face can be repulsive
(positive), attractive (negative), or zero depending on
the ratio of the sides6. We are particularly
interested in measuring these repulsive Casimir
forces. Verifying the existence of such forces
would have important implications in quantum
electrodynamics and would be an important step
to utilizing Casimir forces in a variety of MEMS
devices.

DESCRIPTION OF THE EXPERIMENT
Atomic Force Microscope
It is not practical to directly measure the force on one
wall of a submicron metallic cavity. Hence another
approach is needed. We chose to use an Atomic
Force Microscope (AFM), which can provide a very
sensitive measure offerees into the piconewton range
(1(T12 Newton). The AFM employs a 300 um long
micromachined silicon nitride cantilever with a 200
um metallized sphere on the end that can be used to
probe the vacuum energy density in the neighborhood
of a rectangular micromachined cavity with no top
surface19 (Figure 2). When the sphere experiences a
force, the cantilever is deflected. The deflection of
the sphere is measured by shining a laser diode onto
the reflective surface of the cantilever. The reflected
light is collected in a photodiode that is divided into
two adjacent regions. As the spot of light moves

during a deflection, the ratio of current from the two
regions changes, giving a sensitive quantitative
measure of the cantilever deflection. It is possible to
measure deflections of several nanometers in this
manner. The cantilever is calibrated by determining
the cantilever deflection for a known electrostatic
force. The high precision of this experiment is made
possible by the use of a Molecular Imaging AFM
system that was specially developed at the University
of Alabama at Huntsville for vacuum operation.
With the very small distance (much less than the
mean free path of the molecules) between the sphere
and cavity, gas molecules can become effectively
trapped, taking hours to remove under vacuum. For
the most reliable measurements it is necessary to
remove the trapped molecules and operate at a
sufficiently low vacuum. Trapped molecules may
result in a squeeze film damping force because the
cantilever is always vibrating slightly.

The AFM stage was connected to a vacuum flange
with the necessary feedthroughs. The sample is
mounted and aligned when the AFM is in air (Figure
3a). Then the AFM is inserted into the vacuum
chamber and the flange bolted in place using copper
gaskets (Figure 3b). The vacuum without the AFM is
10"8 torr; inserting the AFM reduces the vacuum to
about 10"4 torr. The system is pumped with a turbo
molecular pump and an ion pump. The AFM is
housed in a clean room environment.

RED
LED PHOTODIODE

CALIBRATED
MICROMACHINED
CANTILEVER METALLIZED

200 //m SPHERE
METALLIZED
CAVITY ARRAY
(gold)

Figure 2. Schematic of Atomic Force Microscope measurement of the vacuum force between a metallized sphere
on a cantilever and a rectangular cavity etched in gold (not to scale).

The force constant of the AFM cantilever is
measured by using electrostatic forces. A know
potential is applied between the test surface and the
cantilever, and the deflection of the cantilever due to
this potential is measured. The corresponding force

is calculated using a finite element classical
electrodynamic calculation. The system was tested by
making measurements on the attractive Casimir force
between the metallized sphere and a flat gold region
and comparing these results to know values.
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Figure 3. (a) shows the AFM stage below the vacuum flange, connected to the vacuum feedthroughs above, (b)
shows the AFM mounted inside a small, stainless steel, vacuum chamber supported by elastic cords to reduce
vibration.

Cavity Design
Numerical computations were done of the change in
the vacuum energy and vacuum forces for a variety
of rectangular cavities using QED methods1'6. The
goal was to determine a cavity geometry that 1)
would yield a large, detectable, repulsive force, 2) the
repulsive force would change slowly with distance,
and 3) that could be fabricated. The second
requirement was deemed advisable to insure that the
repulsive vacuum force would not vary too rapidly as
the distance between the sphere and the opening of an
etched rectangular cavity changed. The final cavity

design selected was 0.1 um x 100 um x 1 um (width x
length x depth), with walls that are 0.1 um thick.

Wisconsin Center for X-Ray Lithography. The
cavity arrays fabricated are lOOum x 100 um square,
with cavity walls 0.5 um deep, with thickness t
between 250 and 300 nm thick, and cavity widths w
between 125 and 150 nm. Calibration surfaces for
the AFM were also included in the design. The
overall test pattern design is shown in Figure 4, and a
portion of one of the cavity arrays closest to the
target design is show in Figure 5.

Figure 4. A SEM photograph of a portion of the
test die, showing two 500 um square calibration
patterns on the left, and two 500 um square cavity
array regions on the right side. The center of each
calibration pattern is a flat gold surface at the same
level as the bottom of the cavities, surrounded by a
gold surface at the level of the top of the array. The
white regions on the right are the 100 x 100 um
cavity arrays. The rectangular regions below the
arrays indicate the nominal cavity width and wall
thickness (50 x).
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Cavity width
125 nm

Cavity wall
245 nm thick

FigureS. SEM photograph of portion of the gold cavity array. Each cavity is actually 100 um long. The
entire array is 100 um wide (magnification 37,000; 15kV).

Theoretical Modeling
As mentioned previously, no QED method has been
developed to compute the vacuum forces between
separate conducting surfaces. There is no theoretical
model for such a configuration of two separate
surfaces in the literature; no QED calculation of
Casimir forces have been done except for planar or
slightly rough planar surfaces. Hence we developed

a heuristic model in which we assume the force on
the sphere arises from two effects: 1) the attractive
force due to the proximity of the sphere to the flat top
surfaces of the cavity walls (parallel plate attractive
Casimir force Eq 1.6), and 2) the repulsive forces on
the sphere due to the cavity. The geometry of the
experiment is shown in Figure 4.

GOLD SURFACE OF
SPHERE ON AFM
CANTILVER

ARRAY OF
RECTANGULAR
GOLD
CAVITIES

Figure 6. Distance definitions, illustrating actual cavity depth (CCAv), individual cavity width (w), cavity wall
thickness (t), separation distance (d), local sag (5-), and local separation distance ( 8).
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The sphere has radius R. The closest point or tangent
point of the sphere is located a distance d above the
tops of the cavities. The local separation distance is
8 = d+ s, where s is the local sag of the spherical
surface. The quantity 8 can be given as a function
of r, the horizontal distance from the tangent point of
the sphere. The expression for the attractive Casimir
force Eq. 0.6 is actually derived for an infinite
parallel plate geometry in which the lateral
dimensions of the plates are much bigger than the
spacing between the plates. Since this condition is
not met for spacing d>t (width of cavity wall), we
applied a correction factor to the attractive force,
obtaining the expression for the attractive force:

n
240

0.7

where we used the local separation distance^(r) 9. t
is the thickness of the cavity wall, and Aw is the area
of the tops of the cavity walls. The QED calculation
of the repulsive Casimir force was for a closed,
rectangular metallic box. Therefore we need a
method to correct for the experimental geometry in
which there is a gap at the top of the box. For the
repulsive cavity force, we used the computed force
for a closed cavity of width "V with a depth equal to
the actual depth (CCAv)> and multiplied it by an

approximate correction factor K(r) suggested by
theoretical analysis20:

K(r) = 0.8

Eqs. 0.7 and 0.8 predict that both forces decay
rapidly as the separation distance is increased. Rather
than sum over individual cavities, we used an
effective pressure distribution, which is an area-
weighted combination of the cavity force and wall
force. This provides a pressure distribution p(r) over
the surface of the sphere, where r is the radial
coordinate. This pressure distribution depends on the
geometry, including the separation distance, d.
To obtain the total force on the sphere, we integrated
the pressure p(r) on the bottom of the sphere due to
the sum of the forces, i.e.,

R/2

0.9

Figure 7 shows a plot of the force F as a function of
the separation d for a cavity array with 1) the target
dimensions, namely w= 0.1 um wide with t=0.1 um
thick sidewalk and 1.0 um deep, and 2) the best
actual cavity dimensions fabricated, namely w=0.125
um wide cavities with t=0.250 um sidewalls, 0.5 um
deep.

x10-4

.125/.250
Flat
Flat, QO cond.

REPULSIVE
FORCES
(FORCE>0)

ATTRACTIVE
FORCES

v (FORCE <0)

0.5

Figure 7. Force vs. distance d for a 100 um square cavity array with 1) the target dimensions, cavity width w = 0.1
um, wall thickness t=0.1 um, depth Ccav = 1.0 um deep; 2) the best fabricated cavity, width w=0.125 um, thickness
0.250, depth 0.5 um deep. The two uppermost curves show the force for the sphere above the cavity arrays. The
solid curve shows the attractive force for a flat surface, with no cavities. Conductivity corrections are included. The
sphere diameter is 210 um.
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Also shown for comparison, is the calculated force
(labeled Flat in the figure) for the case of a sphere
over a flat surface, i.e. with no cavities at all in the
gold. The known correction factors for finite
conductivity for the force between parallel plates
were used except for the curve labeled infinite
conductivity. For the lack of any other theory, the
same conductivity correction factors were applied to
the cavity geometry.
For the parallel plate case, the force is always
negative or attractive, and the force decreases rapidly
(Eq 1.7 integrated over the hemisphere, or
approximately as -I/ 8 4) with the separation 8 . The
component with upward curvature in the cavity array
curve is due to the repulsive force (Eq 1.8 integrated
over the hemisphere, which goes approximately as
l/S.3). Because of the more rapid inverse variation
of the attractive force, the attractive force dominates
at very small separations d, going to zero more
rapidly than the attractive force. Hence the repulsive
force dominates at larger separations, above about 0.1
um. From QED we expect that smaller cavities
would give larger repulsive forces; and thinner walls
give smaller attractive forces. The predictions of the
model show this desired behavior, and the model
calculations appear to go smoothly into these known
curves for flat surfaces. It appears that the repulsive
force is on the edge of detectability for the cavities
fabricated.

CONCLUSIONS
Quantum electrodynamics, which has made
predictions which have been verified to 1 part in 1012,
predicts the existence of a large, ubiquitous, zero-
point vacuum energy density in empty space. The
question arises: Can we make use of this energy in
some way to facilitate space travel, such as energy
generation, propulsion, or creation of wormholes? It
is too early to determine if such developments are
possible or to be able to clearly determine the role of
vacuum energy in future space applications. Our
investigation begins with what we do know about
vacuum energy, and extends those boundaries. We
know that QED predicts that as a consequence of this
energy, an attractive force will exist between
uncharged, parallel, metal plates. In the last few
years, accurate measurements have confirmed the
existence of this force. QED also predicts the
existence of repulsive forces in small rectangular
metal boxes in which one dimension is much less
than at least one of the other two dimensions.
Although no one has done a rigorous calculation, it
appears probable, based on theory, that a repulsive

force should exist between two separate surfaces that
closely approximate such a closed box. Vacuum
forces that are repulsive because of the geometry
have never been observed.

We have designed an experiment to measure
repulsive vacuum forces. A model has been
developed to predict the vacuum force on a
metallized sphere attached to a cantilever on an AFM
when the sphere is brought to within nanometer
distances of an array of gold cavities. An AFM that
operates in vacuum at 10"4 torr has been constructed
to perform the experiment. Based on our model
calculations, it appears we should be able to measure
repulsive vacuum forces using the AFM, provided
the cavities have small enough dimensions. Based on
our model calculations (Figure 7) the cavities
fabricated to date (125 nm width, 245 nm wall
thickness) have dimensions that may be too large to
provide a clear indication of a repulsive force. We
need to utilize cavities with dimensions of
approximately 100 nm width, 100 nm wall thickness
in order to have a clear indication of repulsive forces.
The University of Wisconsin Center for
NanoTechnology is currently upgrading one of its
synchrotron exposure systems in order to provide
features of this size.

If we can obtain repulsive as well as attractive
vacuum forces by a suitable choice of geometry, we
are one step closer to being able to design a variety of
novel MEMS devices using vacuum energy that
could assist in attaining some of the NASA
objectives for space travel.
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ABSTRACT
Results of experiment to confirm a theory that links

classical electromagnetism with the geometry of space-
time will be described. The theory, based on the
introduction of a Torsion tensor into Einstein's
equations and following the approach of E.
Schrodinger, predicts effects on clocks attached to
charged particles, subject to intense electric fields,
analogous to the effects on clocks in a gravitational
field. We show that in order to interpret this theory, one
must re-interpret all clock changes - both gravitational
and electromagnetic - as arising from changes in
potential energy and not merely potential. The clock is
provided naturally by proton spins in hydrogen atoms
subject to Nuclear Magnetic Resonance trials. No
frequency change of clocks was observed to a resolution
of 6 xlO"9. A new "Clock Principle" was postulated to
explain the null result. There are two possible
implications of the experiments: (a) The Clock Principle
is invalid and, in fact, no metric theory incorporating
electromagnetism is possible; (b) The Clock Principle is
valid and it follows that negative rest mass cannot exist.

INTRODUCTION
The goal of the present work is to investigate an

electromagnetic alternative to exotic physics for the
purpose of coupling matter to space-time.
Electromagnetic forces have distinct advantages. They
are 1040 times stronger than gravity. They can be
manipulated at will. Resources to create intense fields
of virtually any geometry are readily available.
However, there is currently no accepted theory linking
electrodynamics directly with the geometry of space-
time other than to curve it via extremely high energy
densities. The mainstream approach taken is "bottom
up", attempting to unite all forces in the context of
quantum gauge field theory which has to-date been
successful in unifying the weak and electromagnetic
forces and describing the strong force in what is known

KRONOTRAN Enterprises LLC, Delanson, NY 12053
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* United Technologies Research Center, E. Hartford, CT 06108
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as "the standard model". Gravity and therefore space-
time geometry remains isolated from the internal
geometry of gauge theory. If such a theory could be
found and even its simplest predictions tested and
verified, then there would be hope that electromagnetic
coupling to space and time might be possible. This
could lead to new interpretations and possibly new
effects in gravitation and electromagnetism.

The experiments described in this work measure
the predictions of a theory1, linking space-time
geometry and electrodynamics. This is grounded upon
E. Schrodinger's later works on gravitation theory2. In
his work, Schrodinger attempted to link
electromagnetism to geometry through a non-symmetric
affine connection (Torsion tensor). He failed at the
attempt, primarily because of an error of oversight. The
theory upon which the present work is based corrects
this error3, resulting in the definition of a new type of
affine connection - an electrodynamic connection - that
precisely matches Schrodinger's concepts.

THEORY
We describe a simplified theory and shall only

write the new field equations and their solutions for the
present case. The theory is summarized in the BPP
final report*. The governing equations are:

+F +F =0/ T r T r U
(2)

G^v is the Einstein tensor. F^ is the Maxwell
electromagnetic field tensor. ux is the test particle 4-
velocity and K = -e/mc2, the charge/mass ratio of the
test particle. Greek indices range from 0, the time index,
to 1,2,3, the space indices. Equation (1) is the
modified Einstein equation including Electrodynamic
Torsion. Equations (2) are the usual covariant Maxwell
equations. Selecting a metric for an appropriate
geometry results in a set of solvable differential

General Electric Corp. R&D Center, Schenectady, NY 12301
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equations coupling the metric and electromagnetic field
variables.

Ideal Experiment

The theory predicts that a particle of charge e, and
mass m, immersed in a suitable electric field but
unshielded and supported will see, in its rest frame, a
time differing from the proper time of an external
observer arising from the electrostatic potential at its
location. In general, from the theory, the time shift in a
clock interval is related to the potential difference
between two points:

dr.
dT,

2 _ (3)

The Larmor field distribution is then given by

This equation is exactly analogous to that for the
gravitational red shift.

One possible clock for such a test is Nuclear
Magnetic Resonance. A proton placed in an intense
electric field within a radio-frequency transverse field
"H " coil aligned orthogonally to a uniform magnetic
field, H , is resonant at the Larmor frequency, co = y H ,
where the gyromagnetic ratio, y, for the proton spin is
proportional to e/m. We thus have a natural clock.
From eq. (3) we expect the proton's clock frequency to
depend on its relative positions rr and r2:

-^1 W

(5)

From this it is straightforward to calculate the
NMR lineshape and shift that will result when the
electric field is turned on as compared to the field off.
Under ideal circumstances, for a supported proton in a
8T magnetic field with a 5kV/cm electric field, a line
shift and broadening of approximately five parts per
million is expected. The expected NMR lines are
modeled in the "Experiments" section.

Present Approach
In practice it is experimentally difficult to

"support" a charged particle. Generally, this can be
accomplished electromagnetically, but then, by
definition, the electric field and force at the particle
location must vanish since the charge does not
accelerate. The approach we have chosen uses the
proton in a hydrogen atom. It is supported
electromagnetically. The consequences of this approach
will be the main subject of the conclusions of this work.

A detailed description of the three experiments
performed follows.

EXPERIMENTS
Three experiments were performed: A temporally

and spatially constant potential applied to the proton in
the hydrogen atom; A time-varying but spatially
constant potential applied to the proton in the hydrogen
atom; A hydrogen atom physically displaced through
an intense electric field.

Experiment 1 - Constant potential
A 354 MHz, 8.4 Tesla NMR system was chosen for

the experiments. This magnet has a field homogeneity
of 0.1 ppm or about 35 Hz, more than sufficient to
resolve small effects. The proton sample was Benzene.
The initial experiment was a simple free induction
decay (FID) with the E-field on vs. off. The sample was
enclosed in a 2mm thick aluminum can (Fig. 1) placed
at high potential. Thus the E-field will vanish in the
interior of the can at the sample but there will remain a
constant potential. The voltage terminal (sample
chamber) could be set + or - with respect to ground and
the NMR FID was monitored.

\

±5kV —
HO

T
Figure 1. NMR "can" arrangement. External

magnetic field, HO, is perpendicular to
the radio frequency field, HI, applied
through a coil wrapped around the
proton sample, S. The 5kV electric field
is applied outside the can leaving a
constant 5kV potential inside.

A field homogeneity of 10 ppb was achieved for
the 8.4T field, sufficient to resolve the smallest
predicted effects. The observed line shift, was
A v / v < 0 ± l .0x10"9, consistent with a null prediction
of both classical E&M and the present theory. The null
result is consistent with both classical theory and the
present one.
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Experiment 2 - Time-varying potential
The second experiment, a time-varying potential

applied to the proton in the hydrogen atom, was initially
expected to produce an effect. However, it was found
during the course of this program that this theory was
also invariant under a pure time-varying potential5, a
result consistent with the classical "Lorentz gauge
condition" which is the relativistic generalization of the
Coulomb gauge condition. That is, it states that the
potential is also arbitrary to an additive time-derivative
of a scalar. Thus, a null result was also expected and
was observed. A "spin-echo" experiment was performed
to observe any phase shift introduced by the time
varying electric field. Extreme care was taken to
calibrate the system to ensure that any small phase shift
could be identified and that stray currents would not
affect the data. Upon application of a 5KV step-
function (20 ms risetime) between the aluminum can
and ground in both turn-on and turn-off modes, the
observed shift in the NMR line was
Av/v<0±1.0xlO-n.

Experiment 3 - Physical displacement of Hydrogen
atom through high electric field

For the third and final experiment, hydrogen in
benzene at room temperature was gravity-flowed
between two electrodes, an upper one at ground
potential and a lower one at +5000 V, both situated in
the NMR coil in the external 8.4T magnetic field while
NMR was performed with the electric field on and off.
The electrodes were copper discs placed in the 3mm
ID. of glass tubing and connected to a high voltage
source through glass/epoxy seals. The electrode
spacing was 1.0 cm giving an average electric field of
5000V/cm. The 2-turn NMR coil diameter was 1.5 cm
ensuring that the HV region was inside the coil. The
coil was untuned to avoid radiation damping since the
signal was already very large. Figure 2 shows the NMR
coil system arrangement and a photo of the open
chamber.

An NMR FID experiment was performed with and
without flow. A 20-30 ms T2 was obtained by careful
adjustment of the B-field shim coils. The NMR line
and effects of flow without the presence of an E-field
were modeled. The T2 value gives a line width of
approximately 17 Hz (A/=1/^T2). Figure 3 shows
the measured NMR line with voltage off as a function
of flow velocity through the coil varying from 3 cm/s to
50 cm/s. Since the FID has a time constant of 20-30
ms, the proton must stay in the HI field at least this long
in order to contribute a significant time-shift signal
arising from the maximum 5kV potential change. This
corresponds to a flow speed of 15-30 cm/s, the mid-
range of the chosen flows. Note that the measured shift
with zero volts is approximately 10 Hz, from 0 to 50
cm/s flow rate, in approximate agreement with the
theoretical calculation, Figure 3. Figure 4 shows the
predicted lines for a maximum potential of 5000 Volts.
The shift is at least ten times that for zero volts.

For the flow experiment, the NMR line was
obtained for voltage off, voltage on, and a dummy
voltage on (voltage on but HV cable disconnected).
The probe voltage was discharged when the dummy
experiment was performed. Figure 5 shows data for
flows of 0, 3, 6, 12, 25 and 50 cm/s with the voltage
applied.

We note in Figure 5 that there is no change in the
line positions greater than the FFT resolution of ± 2 Hz
corresponding approximately to a line shift of
Av/V < 0± 6.0xlO~9, at least a hundred times smaller
than the predicted shift of Figure 4. Figure 3 is
therefore representative of the results with applied field
as well.

When the experiment was completed, the probe
was disassembled and carefully inspected to ensure that
all voltage connections were secure.
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5000V

Figure 2. Diagram and photo of NMR coil and flow arrangement for E-field experiment

Resonance - 0 Volts

0.5

110 125
fj Frequency, Hz

Figure 3. Measured NMR lines (left) and calculated (0,12,25,50 cm/s) for zero E-field and flows
from 0-50 cm/s.

100 200 300
f. , frequency, Hz

Figure 4. Calculated NMR lines for 5000V/cm E-field for flows of 0, 12, 25 and 50 cm/s.
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Resonance - 0 flow

A
Resonance - 3 cm/s flow

—— 0V
-*-5kV
•••*- 5 kV dummy

Resonance - 6 cm/s flow Resonance -12 cm/s flow

Resonance - 25 cm/s flow

—ov
— 5kV

—•<»•• 5 kV dummy

Resonance - 50 cm/s flow

—— OV
-—5kV

5 kV dummy

Figure 5. Measured variation in NMR line at 0, 6, 25 and 50 cm/s flow with applied voltage.

CONCLUSIONS

Experimental Conclusions
All three experiments showed null results. The first

experiment, constant potential applied to the proton in
the hydrogen atom, produced a null result as expected
and explained earlier. The second experiment, a time-
varying potential applied to the proton in the hydrogen
atom, also produced a null result as expected and
explained. From the second experiment we have
learned that the present theory is relativistically Gauge
Invariant in the context of Maxwell's equations - as it
should be.

The third experiment, physical displacement of a
proton in a hydrogen atom through an electric field,
was expected to produce a frequency shift of 5ppm in
the NMR line. No change was observed to high
precision. This could be explained as follows. When a
hydrogen atom is placed in an electric field, classically,
only one effect is produced - an induced dipole moment
of the atom resulting from the stretching of the electron
orbital. Otherwise, no work is done on the hydrogen
atom (except for the exceedingly small amount involved
in stretching) since the work done on the proton is
cancelled by the opposite work done on the
electron(due to its negative charge) in the electric field.
Furthermore, it is straightforward to show4 that no work
is actually done on the proton itself since the electric
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force on it is precisely balanced by an opposing force,
in the field direction, from the electron.

Implied Conclusions

If we substitute potential energy change and
therefore work done rather than simple potential in the
metric, then the fact that no work is done on the proton
because of the electron's influence can explain the null
result. We now discuss the relation of work to the
metric.

Relation of the Metric to the Lagrangian and
Work Done

Let L be defined as the specific Lagrangian or
Lagrangian per unit rest energy,

- (T-F) (6)
me

where T, V and m are the kinetic energy, potential
energy and rest mass of the test particle respectively.

Suppose we are at rest at some height z in a
gravitational field, so that T=0 and V=mgz, then
L = gz I c2 . We have shown for weak fields and
nonrelativistic speeds that the proper time element can
be written in terms of the Specific Lagrangian and
coordinate time element as:

(7)

This describes the behavior of clocks. Consider two
positions in the gravitational field zl and z2 = Zl+h.
Assume a proper time interval d^ at
Z2 . Then, for weak fields:

zl and dT2 at

(8)

We can rewrite this in terms of potential energy and
Lagrangian rather than potential;

_i mgh _. (9)
mc

In general, a variation in the Specific Lagrangian results
in a change in the clock rate. Referring more concisely
to the metric for a single particle, p, we may express the
Lagrangian change more clearly in terms of the net
conservative work, Wc, done on p.

(10)

The weak-field, non-relativistic, metric for a given
particle, p, acted upon by forces and hence net
conservative work, Wcp, done upon it by all other
particles in the field is given by

2, (11)

We have rewritten the metric in this way because
potential is not well-defined except through potential
energy and work, where it is defined as work per unit
mass in gravitation and work per unit charge in
electromagnetism.

The Clock Principle
In the previous section we found a simple

Lagrangian formulation that places gravitation on an
equal fooling with our theory in regards to changes in
the temporal portion of the metric. The Lagrangian
formulation deals with kinetic and potential energy
changes. Clocks raised in a gravitational field are at rest
in the two positions and can be slowly moved between
them. Thus the Lagrangian becomes simply the
negative change of potential energy(work done on) of
the clock, moved from the lower position to the upper.
However, we must be careful and can no longer use the
word "clock" loosely. When we refer to "clock"
henceforth, we mean the mechanism of the clock. Thus
we mean that work is performed on the mechanism.
Clearly all clock mechanisms are driven by energy
changes. What is not as obvious is that the mechanism
of any clock must reflect the proper time variations in a
gravitational field. For example, the mass-spring
mechanism of a simple clock must somehow change
with different heights in a gravitational field. Similarly,
a pendulum clock must exhibit changes in its
mechanism. Even an atomic clock is subject to this
consideration. This brings us to the first clock
postulate:

1) Every clock has a mechanism which must be
held accountable for observed changes in its
measurement of time.

We shall now examine the relationship between
work and changes in clock time in a gravitational
field. We use the notation "nc" to mean
nonconservative and "c" for conservative forces.

mpc mpc

American Institute of Aeronautics and Astronautics



(c)2001 American Institute of Aeronautics & Astronautics or Published with Permission of Author(s) and/or Author(s)' Sponsoring Organization.

Einstein Rocket — Equivalence Principle for clock
changes in a Gravitational Field

We shall employ the famous Einstein rocket
"gedanken-experiment" to demonstrate our concepts.
Consider a rocket lifting a mass, m, by a stiff wire in a
gravitational field. Let us suppose that we adjust its
thrust to precisely oppose the graviational pull on the
mass. The rocket-mass system is now balanced and
hovers, for example, at the surface of the earth. An
arbitrarily small external force, £, may now raise the
system to a height, h. This is shown in Figure 7. The
force £ does no work on the system since it can be
made arbitrarily small. However, upon rising a height
h, due to the infinitesimal assistance of the guiding
force, the rocket does work on the mass m. The
potential energy of the mass is Vj at the surface and V2
at height h.

Figure 7. Balanced force configuration of a
rocket-mass system

In this situation, the nonconservative force is that
of the rocket. This is equal and opposite to gravity.
We make the following definitions:

-zl=h *ds=dzk (12)

Then the non-conservative work performed on the mass
m by the rocket is

(13)

and the conservative work done on m by gravity,
opposing the rocket is:

Wc = -mgh = -(V2 -VJ = -AV

Einstein rocket replaced by negative mass

(14)

Let us now reconsider the rocket of Figure 7. We
can replace the rocket by negative mass equal in
magnitude to the lower positive mass (Fig. 8). Earth's
gravity repels negative mass and thus an amount (-m)
will precisely balance the force of attraction on m, a
situation equivalent to the rocket.

Figure 8. Balanced force configuration for rocket
replaced by negative mass

We evaluate the work done in this situation. There
are two forces acting on m, F and F_m. This time
both forces are conservative. The total work done on
the mass m is zero because there is no change in the
kinetic energy, since F_m = -Fg.

.//r = AT^n (15)

However, now the total work done on m is
conservative since, unlike with the rocket, there are no
non-conservative forces acting. The rigid wire
transmits the conservative force from -m. Thus we find:

= n (16)

This model of a massive neutral dipole is exactly
equivalent to an electric neutral dipole such as the
proton and electron of a hydrogen atom in an electric
field. In the latter case, the two forces acting on the
proton, the external electric field and the opposing force
of the electron are both conservative. The total
conservative work on the proton is zero when the atom
is moved a distance h through a known potential
difference. That is precisely our experiment. There was
no clock change observed.

This leads us to the second and third Clock
Postulates:

2) External conservative work done on a clock
mechanism is responsible for changes in its rate when
the motion of the clock can be neglected.

3) When the clock is not at rest, the change in its
rate arises more generally from the change in the
Specific Lagrangian for the mechanism.

The third postulate takes into account the change
when there is kinetic energy present.

These postulates reconcile the observations and
considerations of the present experiment with those
observed for gravity. Therefore one should not expect
to see a clock change in the imagined massive dipole
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experiment since there was no net conservative work
done on m.

Inconsistency between General Relativity and
existence of a neutral mass dipole
Now consider a clock on the mass m attached to the

rocket. The mass m might itself be part of a clock
mechanism. Upon reaching height A, the clock will
change. But the mass m cannot distinguish between the
pull of the rocket on the wire from that of the negative
mass. In the case of the negative mass , the Clock
Principle states that since no net conservative work is
done on m , no clock change should be observed. So,
there is a conflict here. It follows that:

Since we assume GR to be true, either the Clock
Principle is false or a mass dipole cannot exist as the
analogue of a charge dipole. Thus, if the clock
principle is true, negative mass cannot exist. If the
clock principle is false, then work and energy change
are not related in general to time change. It follows
that a metric theory of forces other than gravitation
cannot be constructed.

Clock Conclusions
It is generally agreed that in order for a clock to

indicate the passage of time, energy change in the
mechanism is required. Thus, it appears that space is
coupled to time through energy. When a clock is raised
in a gravitational field, external work is performed on
the mechanism. This permits a time change. If Wc =0 so
that applied forces opposing conservative forces are
also conservative, then there will be no observed clock
change.

We have shown that if the clock principle is correct
then negative mass cannot exist. This does not
preclude the existence of negative energy since the
general energy-momentum relation has two roots,

of which the positive root, in the rest frame of a particle
of mass m (p=0), is the famous Einstein energy-mass
relation.
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Abstract

James F. Woodward has made a prediction, based on Sciama's formulation of Mach's Principle in
the framework of general relativity, that in the presence of energy flow the inertial mass of an
object may undergo sizable variations, changing as the 2nd time derivative of the energy. We
describe an attempt to observe the predicted effect for a charging capacitor, using a technique that
does not require a reactionless force or any local violation of Newton's 3rd law of motion. We
attempt to observe the effect of the mass variation on a driven harmonic oscillator with the
charging capacitor as the oscillating mass. Positive and negative phase shifts in the oscillator
motion with respect to the driving force are predicted to result from appropriately programmed
inertial mass variations. The phase shift is constant, so that data may be accumulated over a very
large number of oscillation cycles to insure high precision in the phase shift determination. We
report on the predicted effect and the design and implementation of the measurement apparatus.
At this time, however, we will not report on observations of the presence or absence of the
Woodward effect.

Introduction

This is a status report on a new experiment to test
a prediction based on general relativity and Mach's
Principle, which has been supported by the Break-
through Propulsion Program of NASA.

Einstein's Principle of Equivalence, a cornerstone
of general relativity, asserts the exact universal identity
of inertial mass and gravitational mass. However, the
origins of inertia and its connection to gravitational
mass remain obscure. Mach's Principle, the idea that
inertia originates in the gravitational interaction of
massive objects with the distant matter of the universe,
is an attempt to unify gravitational and inertial mass,
but it is not a part of general relativity. Dennis Sciama
[1,2] attempted to improve this situation by showing
that, for sufficiently symmetric and homogeneous
universes, the gravitational interaction of massive
objects with distant matter leads to an acceleration-
dependent force, i.e., inertia.

James F. Woodward [3,4] extended Sciama's
calculations by introducing energy flow (e.g., the

energy flowing to a charging capacitor) into the
gravitating system. He demonstrated that the equations
acquire extra transient contributions in Sciama's inertia
term that are proportional to 1/G (Newton's gravitat-
ional constant) and therefore are quite large. The
implications of this work are: (a) that it may be
possible to modify inertia, and (b) that it may be
possible to demonstrate the validity of Mach's Principle
with a tabletop experiment.

Woodward and his students [4-7] have attempted
to observe the predicted inertia-variation effect by
accelerating a mass-varying object so that it produces a
reactionless force. To illustrate this, assume that an
inertia-varying test mass is accelerated to the right
when it has low inertia and to the left when it has high
inertia. In this circumstance, it is argued, the reaction
forces of the two accelerations are unequal and one
might expect the net reactionless force to "row" the
system to the right. Woodward's group reports [7]
using a sensitive torsion balance to observed small
reactionless forces at magnitudes that are near the
limits of their sensitivity and about five orders of

Copyright ©2001 by John G. Cramer. All rights reserved. Published by the American Institute of Aeronautics and
Astronautics with permission.
* Supported in part by the National Aeronautics and Space Administration.
t E-mail address: cramer@phys.washington.edu
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magnitude smaller than the predicted effect (see the
calculations below.)

Unfortunately, this scheme for observing the
predicted inertia variation appears to be at odds with
the relativistically invariant form of Newton's 2
of motion:

F = dp/dt = mdv/dt + vdm/dt

,nd law

Since the inertial mass m of the test body is
expected to vary with time, the last term of Eqn. (1)
cannot be ignored. It is not surprising, in view of
Newton's 3rd law of motion, that for any closed cycle of
acceleration and variation of the inertial mass around a
central value, the force contribution from the v dm/dt
term is found to precisely cancel the supposed
"reactionless force" arising from the m dv/dt term,
leading to a net force of zero for the overall system.

From this simple calculation, it appears that
reactionless force searches are not good tests of the
proposed effect. There remains the question of
whether the Woodward inertia variation is indeed
present in a system with energy flow. We have found,
as will be described below, that a mechanical
oscillator, driven at resonance, with its mass
programmed to vary at the drive frequency, shows
sensitive variations in drive-to-response phase and
amplitude, depending on the relative phase between the
mass variation and the oscillator drive.

Theory

Woodward has shown [5] that the relativistically
invariant wave equation, in the simplest approximation
and expressed as a function of an overall scalar
gravitational potential <|>, has the form:

- (c|>/p0c2)2(3Po/3/) (2)

where G is Newton's gravitational constant, p0 the rest
mass density, and c the speed of light, this field
equation is obtained only if one assumes, as suggested
by Mach's Principle, that the local energy density of
matter is equal to the matter density times <|>. Since
Mach's Principle demands that fy = c2 when measured
locally, this constraint is equivalent to asserting that E
= me2. Additional terms would be present in this
equation were it not for the fact that, as a consequence
of Mach's principle in this approximation, <|> = c2.

In writing Eqn. (2), Woodward neglects a term of
the form c~\dty/dt)2 because it is always small, given
its c~4 coefficient that is not compensated for by any
factor of <|) in the numerator. Combining the last three
terms of Eqn. (2) into an effective mass density p(t)
and solving for this quantity gives the time-dependent
effective mass density as:

p(0 « p0

]• (3)

The second term in Eqn. (3) has the form
(l/47cG)[((()/p0c2)(a2p0/5/2)l. This time-dependent
fluctuation in the inertial mass can be both positive and
negative when p0 undergoes periodic time variations,
e.g., when a varying flow of mass-energy is present.
This is the inertia-vary ing term of interest.

In the present work we will ignore the last time-
dependent or "wormhole" term, which has the form
-(l/4nG)[(^/p0c2)\dp0/dt)2]. This mass term is always
negative or zero and for sinusoidal variations is about
0.1% or less of the other terms.

If a capacitance C is driven by a voltage source
with time dependent potential V(t) = V0Sin(o)t), then
the energy in the capacitor, assuming dissipative and
inductive effects can be neglected, is U(t) = ViC V(t)2

= 1AC V0
2Sin2(wt). The second time derivative of this

stored energy divided by c2 (to convert it to a mass) is
d2U/dt2 = C V0

2 (D2 Cos(2o)t)/c2. This is the (52p0/9/2)
factor in Woodward's Eqn. (3). The corresponding
time dependent variation in inertial mass, assuming
that <|>=c2, is then:

dm(t) = l/(4np0G c2) C V0
2 o>2 Cos(2o>t). (4)

We will use this form for the variation in inertial mass
in the analysis that follows.

To give this prediction a scale, let us assume that
c=2.998x!08 m/s, G=6.672xlO"n m3/kg s2, p0=2,000
kg/m3, C=9.3xlO'9 F, V0=2,000 V, and o>=27ixl,000
Hz. With these values, we find that:

dm(t) = 9.7 mg x Cos(27ix2,000 Hzxt). (5)

In other words, under these conditions, which
should be realizable in the experiment described here,
the inertial mass of the capacitance is predicted to vary
by about ±10 milligrams at twice the capacitor charging
frequency, or 2,000 Hz. If the mass of the capacitor
and its holder were about 1 g, this would represent a
mass variation of about ±1%. Such a mass variation
would have large observable consequences. However,
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we note that Woodward [4] has made arguments
involving mobile charges to explain why the actual
variation in the inertial mass may be orders of
magnitude smaller than that predicted by simple
calculations and more consistent with his reported
observation of very small reactionless forces.

It is also of interest to consider the maximum
current flow that is necessary to charge the capacitor in
the manner assumed above. The charge on the
capacitor is q=C V(t), so the charging current is i(t)
=C dV/dt = C V0 o)Cos(cot) = 116 mA x Cos(o)t) for
the specified conditions. It turns out that a high voltage
power supply/amplifier capable of delivering an audio-
frequency peak current of a few hundred milliamps at a
few kilovolts is very expensive (-$14,000) and
represent the most costly component required for the
present test of the Woodward effect.

A Driven Mass-Varying Oscillator

We test for the presence of the Woodward effect
by using the capacitor as the mass in a system that
forms a driven mechanical mass-and-spring oscillator
with an undriven resonant frequency of o0. Such an
oscillator is shown schematically in Fig. 1

Figure 1. Schematic mass-and-spring mechanical
oscillator with time varying mass m+dm(t) and
restoring-force spring constant k. The system is
assumed to have a dissipative damping force of -b
dx/dt.

The oscillator is driven at its resonant frequency
cod=(coo2 - b/2m)I/2 with a voice coil actuator and audio
amplifier. At the same time, we charge the capacitor
sinusoidally, using approximately the parameters

specified above, at a frequency of cod/2 so that, in the
presence of the Woodward effect, the capacitor's
inertial mass should vary at frequency cod.

The inhomogeneous non-linear differential
equation describing such a system is:

FdCos[& df\ = kx(t) + [b + |if (t)] JCf (/)
(6)

where x(t) is the motion of the capacitor, Fd is the
magnitude of the driving force, cod is the angular
frequency of the driving force, k is the Hooke's law
restoring force constant, b is the damping constant
representing dissipative forces in the system, m is the
average mass of the capacitor and associated structure,
and ji(t) is the time-dependent mass variation due to
the Woodward effect. Note that the ^'(t)x'(t) term in
Eqn. (6) arises from the v dm/dt term in Eqn. (1).

We can replace the spring constant k with m co0
2

and replace |i(t) with ^0Cos((Ddt + <(>„,), which assumes
that we have arranged the mass variation to be at the
same frequency as the driving force but shifted in
phase by <|>m. With these substitutions, Eqn. (6)
becomes:

(7)

This non-linear differential equation has no
analytic solutions and must be solved numerically. Fig.
2 shows the results of such numerical solutions of Eqn.
(7), assuming that Fd/m=0.01, b/m=0.01, and
Ho/m=0.001. The latter assumption represents only
about 10% of the predicted 10 mg mass variation.

x(t)

-0.02

115.28 115.3 115.32 115.34 115.36
Radians

Figure 2. Response phase shifts of the system to
variable mass. The central line is the system response
with jio=0. The other two lines represent fi0=0.001
with <|)m= -Ti/2 (low), and <|>m=+7i/2 (high). The phase
shifts shown are about ±0.04 radians=±2.3 degrees.
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We find that when the mass variation has a relative
phase of ±n/2 with respect to the driving force, it
causes a positive or negative phase shift in the response
motion by shifts, using the values listed above, of
several degrees. Other phases near 0 or TT can cause an
increase or decrease in the amplitude of oscillation.
The experiment we have constructed is designed in an
attempt to observe these phase-shift effects.

Experimental Apparatus

Fig. 2 below shows a top view of the mechanical
oscillator arrangement, which we call the "Mach
Guitar". The barium titanate capacitor test mass is
suspended between pairs of tensioned wires, with the
tension adjusted so that the resonant vibration
frequency for vertical oscillations is about 1-2 kHz.

Figure 2 Top view of "Mach Guitar" arrangement. The capacitor is suspended between pairs of tensioned wires
that provide the restoring force for the mechanical oscillator. Capacitor drive voltage is supplied through the wires.

Figure 3 Laser-optics table with oscillator removed,
showing voice-coil drive (below) and laser position
monitor (above).

Electrical connections for the capacitor drive voltage
are supplied through the tensioned wire pairs. The
capacitor and its support structure have a net mass of
about 1 g.

The restoring force provided by the tensioned wire
pairs is F—(8T/L)x, where T is the tension in a given
wire, L is the overall length, from bridge to bridge, of
the system, and x is the vertical displacement of the
capacitor. Therefore, neglecting the mass of the wire,
the resonant frequency of the oscillator is
o)0=(8T/mL)I/2. If m=l g, L=0.5 m and (O0

=27i x 1000
Hz, then the required tension is 553 Ib. This tension
can be reached with 13 gauge steel wire.

Fig. 3 shows a view of the laser-optics table (with
oscillator removed) that is the foundation of the
experiment. A pre-drilled aluminum laser-optics base
plate supports the general-purpose aluminum beam
structures, on which are mounted (below) the voice-
coil drive (a modified audio speaker) for the
mechanical oscillator, and (above) the laser position-
measuring device shown in Fig. 4.

The Mach Guitar is mounted on the laser-optics
base, which provides "bridges" to support for the wires
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and their tensioning mechanism. Electrical
connections to the capacitance are made through the
support wires. Below the oscillator is an audio
speaker, which drives the oscillator through a light
spring. Above the oscillator is a commercial laser
position detector, which measures the vertical position
of the capacitor's upper surface by electronic
triangulation. The laser position sensor is shown in
Fig. 4

Fig. 4 Laser position measurement device.

The mass-varying object used in the measurements
is a low-loss and low-mechanical-movement barium
titanate capacitor with a capacitance of about 9 nF and
a voltage rating of 3 kV. This oscillator mass is
suspended between pairs of 13 gauge steel wires (0.25
m long on each side) that have been tensioned to about
500 Ib to provide a system resonant frequency of about
1000 Hz.

As previously mentioned, the most challenging
problem presented by the present experiment is driving
the capacitor to high voltages at audio frequencies.
The reason is that all high-voltage amplifiers driving
capacitive loads are severely limited by the charging
current that they must deliver. We have selected a
Trek Model PO923A High Voltage Power Amplifier,
shown in Fig. 5, as the capacitor driver. It can drive at
voltages up to 2 kV with a peak charging current of up
to 400 mA.

The Mach's Principle test employs a Pentium-2
850 MHz computer system with a Windows 98
operating system for experiment control, using control
software based on LabView. It consists .of controls for
the mechanical oscillator driver and the capacitance
driver, a data collection system that records the drive
signal and the position measurements, a data recording
and retrieval system, and analysis software for
processing the data and extracting the phase
information of interest.

Fig. 5 Trek Model PO923A HV Power Amplifier,
used for driving the capacitor at 2 kV and 400 mA.

Figure 6. LabView control panel and display for
system drivers.
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The Lab View control panel and display for the
experiment is shown in Fig. 6 above. The system
generates sine waves with adjustable phases and
amplitudes at two frequencies, normally set to differ by
a factor of two. The low frequency signal provides the
input to the high voltage amplifier that drives the
capacitor. The high frequency provides input to an
audio amplifier connected to a voice coil that drives the
mechanical oscillator.

\[D(t)+R(t)}2dt- \[D(t)-R(t)]2dt
(8)

Figure 7. LabView data acquisition and display.

Figure 7 shows the LabView panel for the data
collection system. The system samples the mechanical
drive voltage and the capacitor position measurement
of the mechanical oscillator as separate data streams.
These are sampled for real-time display and also
recorded on the system hard disk. These data streams
can be read back and re-analyzed. The data are
analyzed by integration over a long time period to
extract the relative phase of the drive and response
signals for a given setting of the capacitor drive phase
with respect to the mechanical driver.

The processed quantity that will be accumulated in
the analysis is the cosine of the relative phase between
the driving signal D(t) and the mechanical response
signal R(t). There are a variety of ways of extracting
this signal, but the one we will use initially is:

4 \\D(t)2dtx \R(t)2dt
V o o

Here T is an arbitrary integration time that increases as
data is collected and the running integrals are
accumulated. The values of Cos(<|>), which is near 0
because (|> is approximately 7C/2 on resonance, will be
compared for the two most extreme settings of the
phase of the capacitor drive, which should produce
phase shifts like those shown in Fig. 2. We estimate
that with a data collection cycle of a few hours, Cos(<|>)
can be determined to an accuracy of a few parts in 105.
This should enable us to determine the shift in (|> to
similar accuracy, providing a fairly stringent test of the
presence or absence of the Woodward mass variation.

Experiment Status

The experiment is presently being reconfigured on
the laser-optic table. The initial cantilever arrangement
is being replaced with the new "Mach guitar"
mechanical oscillator system described above.

The previous mechanical oscillator, which used a
capacitor mass suspended at the free end of an
aluminum cantilever, was tested and found to present
three serious problems for the experiment: (1) its
resonant frequency was fixed by the length and mass of
the cantilever and was not easily adjustable, (2) The
cantilever mass dominated that of the capacitor, greatly
reducing the magnitude of the predicted effect and (3)
it was not capable of achieving resonant frequencies
above a few hundred Hz. Since the size of the
predicted mass-variation effect increases as co0

2, this
was a serious limitation. However, initial experience
with this cantilever oscillator provided valuable
experience in operating and testing the position
measuring device and the data collection system.

The new Mach Guitar oscillator provides
significant improvements over the cantilever in
reduced mass and increased operating frequencies, and
it offers the additional advantage that it is easily
tunable through simple adjustments of the wire tension.

We expect to begin data collection with the new
configuration in the next few weeks.
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Conclusion

The test of Mach's principle and the Woodward
effect described above is not yet completed, but it
shows promise of providing an independent test of the
predictions that does not depend on the possibility of a
reactionless force. The experiment in the present
configuration is not as sensitive as the torsion-balance
measurements recently reported by Woodward [7].
However, since it is not based on a reactionless force, it
may not need that sensitivity.

If the Woodward Effect is observed, it will have
important implications for general relativity and
cosmology, for validating Mach's Principle, for control
of inertia, and possibly for propulsion. If the
Woodward Effect is not observed at the sensitivity
limit of the experiment, this will also be worth
knowing.

[6] James F. Woodward, "A Laboratory Test of Mach's
Principle and Strong-Field Relativistic Gravity,"
Foundations of Physics Letters 9, 247 - 293 (1996).

[7] James F. Woodward, "Mass Fluctuations,
Stationary Forces, and Propellantless Propulsion,"
Space Technology and Applications International
Forum 2000 (American Institute of Physics/Springer
Verlag, New York, 2000), pp. 1018 - 1025 (2000).
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Abstract: A series of experiments in recent
years have shown that under carefully
designed circumstances the group velocity,
or even more surprisingly the energy
velocity can exceed the speed of light in
vacuum or become negative (abnormal
velocities). These abnormal results have led
some researchers to question the validity of
special relativity, or at least cast doubt on
the relevance of these principles to the
aforementioned experiments. In this work,
experiments with single electromagnetic
pulses measured in the time domain and
experiments in the frequency domain are
described. It is seen that while these
experiments verify the aforementioned
abnormal velocities, they are not in
contradiction with the principles of special
relativity (Einstein causality). In this regard,
the important concept of "front" or
"Sommerfeld forerunner" is reintroduced,
and it is argued that the only physical
velocity required to obey the Einstein
causality is the "front velocity."

If Introduction
The fact that the group velocity of an

electromagnetic wave packet (pulse) can
exceed the speed of light in vacuum
(become superluminal) has been
demonstrated in many experiments using
single photons1'2, at optical frequencies3,
and using microwaves4"10. As a starting
point, an interested reader may consult the
review by Chiao and the references
therein11. Despite one's initial impression,

Copyright © 2001 by the American Institute of Aeronautics andAstronautics, Inc. All rights reserved.

the superluminal group or even energy
velocities (defined as the ratio of the
Poynting vector to the stored
electromagnetic energy) are not at odds with
the requirements of relativistic causality
(Einstein causality), and indeed it can be
shown that they must exist as the natural
consequence of the Kramers-Kronig
relations, which in themselves are a
statement of the system linearity and
causality12"15.

The point that in the regions of
anomalous dispersion, group velocity can
become superluminal was first considered
by Sommerfeld and his student Brillouin16.
In their studies, they examined a
sinusoidally modulated step-function
propagating through a medium with
Lorentzian dispersion. They identified five
different velocities: phase, group, energy,
Sommerfeld forerunner ("front1") and
Brillouin forerunner velocities*. However,
with the passage of time, and for reasons
unknown to the authors, while the first three
velocity terms have received much attention
in both undergraduate and graduate books,
the latter two have not enjoyed the same
status. This is even more surprising since,
among the above velocities, it is only the

T To be more rigorous the term "front" refers to the
onset of Sommerfeld forerunner propagation.
* To be complete one has to add the term "signal
velocity" defined as the velocity of the half
maximum point to the list. However, by their own
admission such a definition is arbitrary1** and as
discussed in Ref . 4 can become superluminal.
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velocity of the "front" that must satisfy the
requirements of Einstein causality under all
circumstances. In other words, it is rather a
naive understanding of Einstein causality to
equate the group velocity with the velocity
of information transfer under all
circumstances, particularly when one is
concerned with the propagation of
"attenuated traveling waves§."

Our objective here is to discuss the
phenomenon of superluminal and negative
group and energy velocities, which
generically is referred to as the abnormal
velocities. In Sec. II a time-domain
experiment used to detect the superluminal
group velocities in the case of a one
dimensional photonic crystal (1DPC) is
described. Section III discusses a
frequency-domain experiment used to
demonstrate the same superluminal
phenomenon. The case of superluminal or
negative group and energy velocities for an
inverted medium (medium with gain) or in
the case of medium with negative index of
refraction is considered in Sec. IV. Section
V is intended to put the reader's mind at
ease by providing some general arguments
on why the abnormal velocities discussed in
the previous sections are not in contradiction
with the requirements of special relativity.
Section VI is our condensed attempt is
addressing the issue of superluminality in
the limit of very weak light (very few
photons). Our final remarks and a
discussion for the general public can be
found in Sec. VII.

TI. Time-domain Experiment
Consider the problem of

electromagnetic wave propagation through a
periodic structure. Figure 1 shows an
experimental setup used to detect the
superluminal group velocity for a

microwave wave packet tunneling through a
1DPC. A backward wave oscillator (BWO)
was used to generate the pulse, and a mode
converter (MC) was used to convert the
TM01 mode of the BWO to a TEH. The
pulse was then radiated via a conical horn

Directional Coupler + y> /^ \
Cut Waveguide

Fa

BIA

stl

CHA /
if\ ——— Mf* ii •*^r

logger] Tcktr

SCO!

^

|
Det€K
Atten

onix
5000

*s^
.r-^

Rigid
Coax

:tor + 1
uator 1
Tektronix ^
SCO 5000

1

1

§ We have used the term "attenuated traveling
waves" in the same sense as in Ref. (17), although,
sometimes the term evanescent is used to signify the
same thing.

Fig. 1: Time-domain experimental setup

antenna (CHA). The frequency output of
the source was tuned to the mid-gap
frequency of the 1DPC at 9.68 GHz
(FWHM of 100 MHz) and was detected by
two HP 8470-B, Schottky diode detector
(provided in pairs). The CHA radiation
intensity was sampled along two distinct
directions (paths), referred to as "side" and
"center". A series of microwave pulses
were fired in order to measure and then
remove the time difference between the two
paths due to the differences in cable lengths,
internal detection of the oscilloscopes
(Tektronix SCD 5000) and other
incompatibilities. This measured time
difference was electronically compensated
such that the peaks corresponding to the
pulses traveling through the "center" path
and "side" path in the absence of the 1DPC
arrived at the same time. At this point, the
1DPC was inserted along the "center" path
and series of single pulse were fired. Figure
2 shows the result. It is seen that the peak of
the wave packet propagating along the
"center" path and tunneling through the
1DPC arrives (440 ±20) ps earlier than the
accompanying pulse propagating through
free-space along the "side" path. This
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advancement in time for the tunneling pulse
can easily be translated to a measure of the
pulse group velocity, indicating that the
tunneling wave packet propagated with a

fi...i-
Fig. 2: Superluminal propagation for the tunneling pulse

group velocity (2.38 ± 0.15) c.
Furthermore, the traditional view of

pulse propagation through a region with
high attenuation (regions of anomalous
dispersion) held that the extreme

Fig. 3: A measure of the pulse broadening due to
tunneling through the 1DPC. The two pulses have
propagated along the same path ("center"); one in the
free-space and the other through the 1DPC

attenuation, coupled with the dispersion,
would distort the signal to such an extent
that the originally well defined wave packet
and its peak would not be recognizable upon
the emergence from such a medium17 16.
Figure 3 shows that in contrast to this
common belief, the tunneling wave packet
of Fig. (2) suffered minimal dispersion such

that the FWHM of the pulse after tunneling
was only increased by 1.5%. In obtaining
this figure the tunneling wave packet was
manually moved to later times as to make
the comparison between the two pulses
easier. A full description of the above
experiment can be found in Ref. 4.

IIL Frequency-Domain Experiment
In the last section the feasibility of

measuring superluminal group velocities
directly in time-domain was discussed. This
abnormal behavior can also be demonstrated
in frequency-domain. Figure 4 shows the

T<

Fig. 4: Frequency-domain experimental setup

free-space setup used to detect the
superluminal group velocities in frequency-
domain. The setup consists of two K-band
standard horn antennas (SHA) configured a
transmitter and receiver and connected to
ports 1 and 2 of an HP 8722D vector
network analyzer (VNA). The radiated
quasi-continuous waves are collimated using
two microwave lenses and the setup is
enclosed in a anechoic chamber to reduce
stray signals.

The essence of the approach is to
measure accurately and reliably the
transmission phase associated with the
1DPC. Once this quantity is measured, the
group delay ( r g ) and group velocity (Vg)
can be calculated according to

9 (1)
PC

cr
(2)

where (j> is the transmission phase, and Lpc

is the physical length of the 1DPC.
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Fortunately, recent advances in non-
coaxial (free-space) calibration techniques
for VNA such as the "Thru-Line-Reflect"
(TRL) technique18* 19 make it possible to
measured the transmission coefficient
accurately and reliably. After calibrating the
system (without the 1DPC), a reference
plane of unit magnitude for transmission
magnitude and zero phase for (/> is
established midway between the two SHAs.
At this point, the 1DPC is inserted and the
receiver horn is moved back exactly by a
length equal to the thickness of the 1DPC

21 21.5 22
Frequency (GHz)

Fig 5: The unwrapped transmission phase for the
1DPC with various number of Eccostock®
dielectric slabs.

Figure 5 is the calculated (solid line)
and measured (dotted line) unwrapped phase
for a 1DPC with four, three, two and one
dielectric slabs (the spacer is always air).
The theoretical calculations are based on the
diagonalization of the one period matrix,
and are presented in Ref. 5.

According to Eqs. (1) and (2), to
ascertain the group delay and group velocity
the data presented in Fig. 5 must be
differentiated. However, differentiating
noisy data amplifies the noise and may lead
to spurious effects. To avoid the
arbitrariness associated with smoothing, a
best nonlinear least square fit of the
experimental phase data is obtained. The
parameters used in fitting the experimental

data all match the actual variables very well
and for the sake of brevity are not given
here, but can be found in Ref. 5.

Figure 6 shows the result of the least
square fit to the phase data of Fig. 5 together

2.5--

0.5--

21 21.5 22
Freouencv (GHz)

Fig. 6: Measured and calculated group delay
for the 1DPC. The parameters used to obtain
the fitted curves (measurement) and the
calculated curves (theory) are given in Ref 5.

with Eq. (1), in order to determine the group
delay in a 1DPC with one, two, three, and
four dielectric slabs. Consequently, the
normalized group velocity given by Eq. (2)

Fig. 7. Normalized group velocity for the 1DPC.
The dotted curves are the measured results
obtained from the fitted curves in Fig. 6 and Eq.
2. The solid curves are theoretically calculated.

can be obtained from the Fig. 6 and is shown
in Fig. 7. Along with the velocities derived
from the fit (dotted curves), the theoretical
group velocities calculated from the
measured values of thicknesses and indices
are also shown (solid curves). As Fig. 7
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indicates, in the case of N=4 and Af=3, a
maximum superluminal group velocities 3
and 2.1 times c is observed. The results
depicted in this figure can be interpreted in
the following way. If one is to construct a
pulse entirely composed of the frequency
components for which the superluminal
behavior is predicted, then the pulse is
expected to propagate with group velocity
exceeding c, similar to the situation
discussed in the Sec. II.

IV. Abnormal Velocities in Inverted
Medium and Medium with Negative

Index
The circumstances under which the

group or even energy velocity is abnormal
are not limited to the evanescent wave
propagation discussed so far. In this section
three situations are described which exhibit
the aforementioned abnormal behavior.

First, for an inverted medium
(medium with gain) described by a Lorentz-
Lorenz dispersion, the index of refraction is
given by

»H=i- (3)

where a)0 is the resonance frequency, y is a
small damping factor, and (Op is the
effective plasma frequency. Note that a
negative sign precedes the second term
under the square root due to the population
inversion of the medium. A plot of the
index of refraction for both the inverted and
non-inverted medium is shown in Fig. 8.
From the figure it is clear that for an
inverted medium, in the limit of very low
frequencies, the index is less than one
implying that the phase velocity is
superluminal. More importantly, at the low
frequencies, the group velocity given by

[n(fi>) + codn/da)]
(4)

n(0) »
is also superluminal. Under these
circumstances the energy velocity (V^),
given by the ratio of Poynting vector ( 5), to
the stored energy density (M), is also equal
to the phase and group velocity and exceeds
the speed of light in vacuum.

*e """ """ //\\ P\ ) W/u n(0)
The equivalence of the above three

Fig. 8: The real part of the index of refraction for
an inverted medium (solid curve) and non-inverted
medium (dashed curve.)

velocities is merely a statement of the fact
that in the limit of low frequencies the
medium is transparent and dispersion-free13.

Second, it is also possible to observe

Vacuum

Inverted Medium

Fig. 9: Two cells of equal length containing
inverted medium and vacuum.

negative group velocities for
electromagnetic (EM) pulses tuned slightly
away from a gain line of an inverted
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medium14' 2°-22. The physical meaning of a
negative group velocity can be explained as
the following. Consider two cells of
physical length L containing an inverted
medium and vacuum as shown in Fig. 9.
The time difference between two well
behaved identical EM pulses propagating
through the lower (inverted) and the upper
cell (vacuum) is given by

The first theoretical work in this area
was done by Veselago27*28, and the more

where ng is the group index. From the
above equation it is clear that if the group
index is zero the time difference between the
two pulses is given by the negative of L/C
In other words, when one of the EM pulses
is at the exit face of the lower cell the other
pulse is about to enter the upper vacuum
cell. Stating this point differently, if one
only considers a single cell containing the
inverted medium, for a negative group
index, the peak of the transmitted wave
packet leaves the cell prior to the peak of the
incoming wave packet entering the medium.
It must be pointed out that as shown by
Landauer23"25 it is naive to regard the peak
of the outgoing pulse as the causal response
of the medium to the peak of the incident
pulse. The theoretical prediction by one of
the authors22 regarding the feasibility of
detecting negative group velocity was
recently verified in an experiment by
Wang26 in which the inverted medium was a
cell containing cesium vapor.

Finally, let us consider a situation for
which the medium effective index is a
negative value. A point worth emphasizing
is the fact that for these media it is the
effective index and not the actual material
index which is negative. In other words, the
wavelength of the incident wave is many
times larger than the physical size of the
components comprising the media, allowing
one to characterize the over all response of
the media in terms of an effective index.

D 4D
pnase

Fig. 10: The dispersion curves for a medium
with negative effective index

recent interest in the subject was re-ignited
by the work of Pendry29* 30 and Smith et.
al.31» 32, which demonstrated the possibility
of manufacturing these media at microwave
frequencies. Figure 10, shows the
dispersion relation for a negative index
medium, borrowed from Ref. 32. From the
figure it is clear that for a certain frequency
range, the derivative of the curve depicted in
Fig. 10, (i.e. the group velocity) is negative.
Even more surprising is the fact that the
energy velocity, given by Eq. (7), is also
negative, since in these media both
permittivity and permeability are negative
parameters.

The presence of negative group and
energy velocities for the above media can be
understood in the following manner. The
negative index medium, considered by
Smith et. al.31, is in essence a distributed
LRC transmission line that its response can
be approximated by a lumped LRC circuit.
The inset in Fig. 11 is a typical LRC circuit
that exhibits negative group delay in the
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region of maximum attenuation**. Once
again, if one is to construct an EM pulse

0.8

0.6

0.4

0.2

0

100 500 600200 300 *00

Frequqncy [Hz]

Fig. 11: Transmission magnitude and phase for
the LRC circuit shown in the inset.

mostly composed of frequency components
having negative group delays, it is expected
that the group and energy velocities for this
EM pulse to be negative. We currently are
pursuing the detection of the aforementioned
abnormal velocities in the negative index
media. We end this section by pointing out
that in addition to negative velocities, the
negative index medium has many other
interesting properties such as inverted
Doppler shift, Cherenkov radiation, and
Snell's law.

V. Superluminal Velocities and Einstein
Causality

In so far we have discussed
situations for which the phase, group, and
energy velocities are abnormal
(superluminal or negative). The reader may
begin to wonder whether or not these
abnormal velocities are in contradiction with
the requirements of relativistic causality.
The short answer to this question is that
under no circumstances the so-called "front
velocity" may exceed the speed of light in
vacuum, and in fact under all circumstances
the "front velocity" is exactly luminal. In

In obtaining Fig. 11, in contrast to the curves
depicted in Fig. 5, a time dependency of e~ia* in
place of eja* was used. In other word, the group
delay has the opposite sign of that shown in Eq. (1).

other words, the requirement of Einstein
causality that no "signal" (information) can
be transmitted superluminally is satisfied in
all cases, since the "front velocity' is always
luminal. This means that the presence of the
genuine information should not be
associated with the pulse maximum, half
maximum, or the envelope, but indeed is
contained within the singularities (points of
non-analyticity) of the pulse. Because of the
important role played by the "front" in
satisfying the requirements of special
relativity, let us briefly discuss some of the
most general ideas associated with this
concept. The interested reader may consult
the Ref. (4) for more detailed analysis.

The essential point to remember is
the fact that any physically realizable signal
is restrictively time-limited. In other words,
any electromagnetic signal created and later
propagated through free-space or a 1DPC
must be generated at a point in time and
space. One can then always point to a time
prior to which the signal did not exist. This
point in time, or more precisely the transient
"turn on times," are points of non-analyticity
for which the amplitude of the pulse or its
first or higher derivative are discontinuous.

The importance of these points of
non-analyticity becomes clear when
considering the following. While the future
behavior of a truly analytical signal such as
a Gaussian wave packet can be completely
predicted by means such as a Taylor
expansion (or a Laurent expansion for
functions that are holomorphic in an annular
region), the presence or arrival of the
singularities do not yield themselves to such
an extrapolation. Moreover, as discussed in
the above, no physically realizable signal
can be presented by an entire function™
hence, any communication of information
must involve the transmission of the "front".
To summarize, there is no more information

n An entire function is the one that is analytical
everywhere in the complex domain.
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in a pulse peak or envelope that is not
already contained within the earliest parts of
the signal.

The mathematical proof that no
signal (information) may be detected sooner
than t0 = x/c can be seen via contour
integration of an expression such as Eq. (8).
Equation (8) describes the field at the
position jc and time t for a wave packet
impinging at normal incident on a medium
characterized by an index of refraction, n,
33

T,
1

(8)

ei6"da). (9)

Transforming the integral in Eq. (8) into the
complex domain and closing the contour
over the upper-half-plan, along with
requiring that the medium characterized by
n to be causal, and that the incident wave
packet has a "front," are sufficient
conditions to show that the value of the
integral is identically zero for t < tQ = x/c or
equally for velocities, V = x/t>c. The
condition that the medium characterized by
n is causal, means that for this medium the
effect cannot proceed the cause.
Mathematically this is expressed as
G(r) = 0 for r<0, where G(T) is the
susceptibility kernel given by

G (*) = - T - 1] (10)

For times immediately after f0,
( t >« r0) the earliest part of the signal known
as the Sommerfeld forerunner or precursor
can be detected. The frequency of
oscillation and the field amplitude for the
Sommerfeld forerunner are discussed by
Mojahedi et. al.4»34. To summarize those
results, the frequency of oscillation is given
by

(ID

where G'(0) is the time derivative of the
susceptibility kernel33 evaluated at f = 0.
Furthermore, for the incident wave packet
proportional to tm (m is an integer) the
Sommerfeld forerunner is described by a
Bessel function of order m according to

From the above discussion it is clear
that, for a given medium if the quantity
G'(0) is known, the calculation of the
Sommerfeld forerunner frequency of

u iiiin HUIIIIII i II n i IIHIB iiiiiiiiiini i •in in ai i in inn •
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Fig. 12: Effective index for a 1DPC The
structure parameters are: ̂ .=1.76 cm,
dj = 1.33 cm, /i. = 1, rij = 3.40

oscillation and functional form is
straightforward. In other words, if one is
capable of calculating e (6>)/£0 -1 = n2 -1
for a 1DPC, undersized waveguide, or any
other photonic barrier used in the
superluminal experiments, then one can
perform the inverse Fourier transform and
the differentiation operation to obtain G'(0).
For example, let us consider the case of
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1DPC used in the experiments discussed in
Sections, n and DDL

At the normal incidence the
dispersion relation (K vs. CD) can be obtained
from

cos (K A) = cos) •
V c

(13)
..si
\ c

where R is the ratio of the indices given by
R^ni/nJ9 A is the one-period length
A = 4 +dj, and K is the Bloch wave
vector. The above equation can be used to
solve for the real and imaginary parts of the
Bloch wave vector, and Eqs. (14)-(16),
below, can in turn be used to transform the
photonic crystal spatial dispersion [Eq. (13)]
to a more manageable temporal dispersion

CO
c_
0)

(14)

(15)

(16)
The results are shown in Fig. (12) which
displays our first attempt in obtaining an
effective index for a 1DPC, with 1, 2, 3,...,
and infinite number of dielectric slabs. The
next step is to perform the Fourier transform
indicated by Eq. (10), followed by the
differential operation evaluated at time equal
to zero. Having obtained the quantity C/'(0),
the frequency of oscillation and the
functional form of the Sommerfeld
forerunner in a 1DPC can be arrived at with
the help of Eqs. (11) and (12).

VI. Superluminal Propagation and
Quantum Noise in the Limit of Very
Weak Pulse.

The question of superluminality in
the limit of very weak pulse (one or few
photons) was considered in a recent work35.

For the sake of brevity, we refer the
interested reader to Ref. 36 for a complete
and detailed analysis of the situation. Here,
we suffice to mention that according to
Aharonov et. al.3 6 in the limit of few
photons, signal must be exponentially large
in order to distinguish it from the quantum
noise. In other words, the signal-to-noise
ratio becomes vanishingly small. In Ref. 36
this assertion is investigated and it is seen
that if the condition stated by Aharonov et.
al. is replaced by a weaker condition, the
signal-to-noise ratio can exceed unity even
for one photon pulse. It is worth mentioning
that the original experiment by Chiao and
Steinberg2, although involved the detection
of single photon, but the results were
interpreted in terms of statistics of many
photons.

VII. Concluding Remarks! A Discussion
for General Public

A simple yet interesting description
of superluminal propagation can be found at
weblink:
http://www.abqjournal.com/scitech/180964s
citechll-19-00.htm. This article, written by
John Fleck, the science writer for
Albuquerque Journal, tries to explain our
newly published paper in Physical Review E
to the general public. To use Fleck's
analogy, consider two dragsters competing
against each other, driving the same exact
cars and traveling the same exact distances.
However, whereas one of the dragsters
travels through air (or vacuum) with the
maximum allowable speed, the other driver
travels through a series of barriers normally
thought to slow his car. The question is then
the following: What does the referee at the
end line observe? The answer depends on
the referee's detection equipment. If the
referee is well equipped with the most
sensitive and expensive detection systems he
or she will observe that the front bumpers of
the two cars arrive at the finishing line at
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exactly the same instance. The referee will
also observe that the bulk (the main body,
the cockpit and the driver) of the dragster's
car that tunneled through the barriers
reaches the end line sooner than his
challenger. If the race is decided by arrival
of the cars' main body or if the referee is not
equipped with the most sensitive detection
apparatus, he or she will call the race for the
tunneling dragster.
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^Q ABSTRACT

^~ Why does F equal ma in Newton's equation of motion? How does a gravitational field produce a force?
|̂  Why are inertial mass and gravitational mass the same? It appears that all three of these seemingly axiomatic
(25 foundational questions have an answer involving an identical physical process: interaction between the
\Q electromagnetic quantum vacuum and the fundamental charged particles (quarks and electrons) constituting
^ matter. All three of these effects and equalities can be traced back to the appearance of a specific asymmetry
f-* in the otherwise uniform and isotropic electromagnetic quantum vacuum. This asymmetry gives rise to a
**̂ , non-zero Poynting vector from the perspective of an accelerating object. We call the resulting energy-
Si, momentum flux the Rindler flux. The key insight is that the asymmetry in an accelerating reference frame

i in flat spacetime is identical to that in a stationary reference frame (one that is not falling) in curved
bj\ spacetime. Therefore the same Rindler flux that creates inertial reaction forces also creates weight. All
• • of this is consistent with the conceptualizaton and formalism of general relativity. What this view adds

. £H to physics is insight into a specific physical process creating identical inertial and gravitational forces from
which springs the weak principle of equivalence. What this view hints at in terms of advanced propulsion
technology is the possibility that by locally modifying either the electromagnetic quantum vacuum and/or
its interaction with matter, inertial and gravitational forces could be modified.

INTRODUCTION

Why does F equal ma in Newton's equation of motion, F = ma?
How does a gravitational field produce a force?

Why are inertial mass and gravitational mass the same?

These are questions that are usually thought to be more appropriate for philosophers than for physicists,
since the apparent facts of nature addressed in these questions are generally regarded as axiomatic. [1] If one
assumes that one plus one equals two, plus a limited number of additional axioms, one can develop a self-
consistent system of mathematics, but one has to start with such assumptions. In the realm of geometry,
the discovery of non-Euclidean geometry in the 19th century taught us that other, non-intuitive assumptions
are possible, and indeed, Riemannian geometry became the basis for physics in Einstein's general relativity
(GR). Alternate foundational assumptions can lead to new insights.

Since 1991 we have been engaged in investigations involving the nature of inertia based on the founda-
tional assumption that the electromagnetic quantum vacuum, also called the zero-point field or zero-point

1
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fluctuations, is a real and underlying universal sea of energy capable of interacting with matter, and that
this interaction may be described using the techniques of stochastic electrodynamics (SED).[2] Following
a successful multiyear NASA-funded investigation at Lockheed Martin and California State University at
Long Beach, the privately-funded California Institute for Physics and Astrophysics (CIPA) was established
in 1999 specifically to study the electromagnetic quantum vacuum and its effects. A group of five postdoc-
toral fellows with expertise in quantum electrodynamics, superstring and M-brane theory, general relativity,
plasma physics and Casimir effects are engaged in theoretical efforts to come to a deeper understanding of
foundational questions in physics and to examine the possible nature and degree of electromagnetic quan-
tum vacuum-matter interactions both within and beyond the SED approximations. CIPA has also funded
projects by experts at several universities directed toward the general goal of explaining the origin of in-
ertia and certain aspects of gravitation and other relevant physical and astrophysical effects as due to the
electromagnetic quantum vacuum.

It appears that all three of the seemingly axiomatic foundational questions posed above have an answer
involving an identical physical process: interaction between the electromagnetic quantum vacuum and the
fundamental charged particles (quarks and electrons) constituting matter. All three of these effects and
equalities can be traced back to the appearance of a specific asymmetry in the otherwise uniform and isotropic
electromagnetic quantum vacuum. The key insight is that the asymmetry in an accelerating reference frame
in flat spacetime is identical to that in a stationary reference frame in curved spacetime.

It was shown by Unruh [3] and by Davies [4] that a uniformly-accelerating detector will experience a
Planckian-like heat bath whose apparent "temperature" is a result of quantum vacuum radiation. A tiny
fraction of the (enormous) electromagnetic quantum vacuum energy can emerge as real radiation under the
appropriate conditions. The theoretical prediction of Unruh-Davies radiation is now generally accepted and
SLAC physicist P. Chen has recently proposed an experiment to detect and measure it. [5] Rueda and Haisch
(hereafter RH) [6] analyzed a related process and found that as perceived by an accelerating object, an energy
and momentum flux of radiation emerges from the electromagnetic quantum vacuum and that the strength
of this momentum flux is such that the radiation pressure force on the accelerating object is proportional
to acceleration. Owing to its origin in an accelerating reference frame customarily called the Rindler frame,
and to the relation of this flux to the existence of a Rindler event horizon, we call this flux of energy and
momentum that emerges out of the electromagnetic quantum vacuum upon acceleration the Rindler flux.

If the Rindler flux is allowed to electromagnetically interact with matter, mainly but perhaps not
exclusively at the level of quarks and electrons, a reaction force is produced that can be interpreted as the
origin of Newton's F = ma. In this view, which we call the quantum vacuum inertia hypothesis, matter
resists acceleration not because of some innate property of inertia, but rather because the quantum vacuum
fields provide an acceleration-dependent drag force. In future attempts we and coworkers intend to examine
the possible contributions of other components of the quantum vacuum besides the electromagnetic. (This
is relevant to the issue of possible neutrino mass, which could not be due to the electromagnetic quantum
vacuum, but might possibly be due to the vacuum fields of the weak interaction.)

GR declares that gravity can be interpreted as spacetime curvature. Wheeler coined the term ge-
ometrodynamics to describe this: the dynamics of objects subject to gravity is determined by the geometry
of four-dimensional spacetime. What geometrodynamics actually specifies is the family of geodesies — the
shortest four-dimensional distances between two points in spacetime — in the presence of a gravitating body.
Freely-falling objects and light rays follow geodesies. However when an object is prevented from following a
geodetic trajectory, a force is experienced: the well-known force called weight. Where does this force come
from? Or put another way, how does a gravitational field exert a force on a non freely-falling, fixed, object,
such as an observer standing on a scale on the Earth's surface? This proves to be the identical physical
process as described in the quantum vacuum inertia hypothesis, due to a non-zero Rindler flux.

In the SED approximation, the electromagnetic quantum vacuum is represented as propagating electro-
magnetic waves. [7,8] These should follow geodesies. It can be shown that propagation along curved geodesies
creates the identical electromagnetic Rindler flux with respect to a stationary fixed object as is the case for an



(c)2001 American Institute of Aeronautics & Astronautics or Published with Permission of Author(s) and/or Author(s)' Sponsoring Organization.

accelerating object. [9] This is perfectly consistent with Einstein's fundamental assumption of the equivalence
of gravitation and acceleration. An object fixed above a gravitating body will perceive the electromagnetic
quantum vacuum to be accelerating past it, which is of course the same as the perception of the object
when it is doing the accelerating through the quantum vacuum. Thus in the case of gravity, it would be
the electromagnetic Rindler flux acting upon a fixed object that creates the force known as weight, thereby
answering the second question. The answer to the third question then immediately follows. Since the same
flux would be seen by either a fixed object in a gravitational field or an accelerating object in free space,
the force that is felt would be the same, hence the parameters we traditionally call inertial and gravitational
mass must be the same. This would explain the physical origin of the weak principle of equivalence.

All of this is consistent with the mathematics of GR. What this view adds to physics is insight into a
specific physical process creating identical inertial and gravitational forces. What this view hints at in terms
of advanced propulsion technology is the possibility that by locally modifying either the quantum vacuum
fields and/or their interaction with matter, inertial and gravitational forces could be modified and possibly
one day freely controlled.

THE ELECTROMAGNETIC QUANTUM VACUUM

The quantization of the electromagnetic field in terms of quantum- mechanical operators may be found in
various standard textbooks, e.g. Loudon [10]: "The electromagnetic field is now quantized by the association
of a quantum- mechanical harmonic oscillator with each mode k of the radiation field." This can be understood
as follows: Application of the Heisenberg uncertainty relation to a harmonic oscillator requires that its
ground state have a non-zero energy of hv/2. This reflects the fact that quantum mechanically a particle
cannot simultaneously be exactly at the bottom of its potential well and have exactly zero momentum.
There exists the same hv/2 zero-point energy expression for each mode of the electromagnetic field as for a
mechanical oscillator. (Formally, mode decomposition yields that each mode can be mathematically made
into a harmonic oscillator in the sense that the same differential equation is obeyed as for a mechanical
oscillator.)

Summing up the energy over the modes for all frequencies, directions, and polarization states, one
arrives at a zero-point energy density for the electromagnetic fluctuations, and this is the origin of the
electromagnetic quantum vacuum. An energy of hv/2 per mode of the field characterizes the fluctuations
of the quantized radiation field in quantum field theory. In the semi-classical representation of SED the
quantum vacuum is represented by propagating electromagnetic plane waves, E*p and B*p, of random phase
having this average energy, hv/2, in each mode.

The volumetric density of modes between frequencies v and v + dv is given by the density of states
function Nvdv = (S7rv2/c3)dv. Each state has a minimum hv/2 of energy, and using this density of states
function and this minimum energy — that we call the zero-point energy — per state one gets the spectral
energy density of the electromagnetic quantum vacuum:

2hv
Tdv. (1)

Writing this zero-point radiation together with ordinary blackbody radiation, the energy density is:

hv hv

The first term (outside the parentheses) represents the mode density, and the terms inside the parentheses
are the average energy per mode of thermal radiation at temperature T plus the zero-point energy, hv/2,
which has no temperature dependence. Take away all thermal energy by formally letting T go to zero, and
one is still left with the zero-point term. The laws of quantum mechanics as applied to electromagnetic
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radiation force the existence of a background sea of electromagnetic zero-point energy that is traditionally
called the electromagnetic quantum vacuum.

The spectral energy density of eqn. (1) was thought to be no more than a spatially uniform constant
offset that cancels out when considering energy fluxes, but it was discovered in the mid-1970's that the
quantum vacuum acquires special characteristics when viewed from an accelerating frame. Just as there is
an event horizon for a black hole, there is an analogous event horizon for an accelerating reference frame.
Similar to radiation from evaporating black holes proposed by Hawking [11], Unruh [3] and Davies [4]
determined that a Planck-like radiation component will arise out of the quantum vacuum in a uniformly-
accelerating coordinate system having constant proper acceleration a (where |a| = a) with what amounts to
an effective "temperature"

This "temperature" characterizing Unruh-Davies radiation does not originate in emission from particles
undergoing thermal motions. ° As discussed by Davies, Dray and Manogue [12]:

One of the most curious properties to be discussed in recent years is the prediction that an
observer who accelerates in the conventional quantum vacuum of Minkowski space will perceive
a bath of radiation, while an inertial observer of course perceives nothing. In the case of linear
acceleration, for which there exists an extensive literature, the response of a model particle
detector mimics the effect of its being immersed in a bath of thermal radiation (the so-called
Unruh effect).

This "heat bath" is a quantum phenomenon. The "temperature" is negligible for most accelerations.
Only in the extremely large gravitational fields of black holes or in high-energy particle collisions can this
become significant. Recently, P. Chen at the Stanford Linear Accelerator Center has proposed using an ultra
high intensity laser to accelerate electrons violently enough to directly detect Unruh-Davies radiation. [5]

Unruh and Davies treated the electromagnetic quantum vacuum as a scalar field. If a true vectorial
approach is considered there appear additional terms beyond the quasi-thermal Unruh-Davies component.
For the case of no true external thermal radiation (T = 0) but including the acceleration effect (Ta), eqn.
(1) becomes

2 " I A .,, (4), a

where the acceleration-dependent pseudo-Planckian Unruh-Davies component is placed after the /ii//2 term
to indicate that except for extreme accelerations (e.g. particle collisions at high energies) this term is
negligibly small. While these additional acceleration-dependent terms do not show any spatial asymmetry
in the expression for the spectral energy density, certain asymmetries do appear when the momentum flux
of this radiation is calculated, resulting in a non-zero Rindler flux. [6] This asymmetry appears to be the
process underlying inertial and gravitational forces.

ORIGIN OF THE INERTIAL REACTION FORCE

Newton's third law states that if an agent applies a force to a point on an object, at that point there
arises an equal and opposite reaction force back upon the agent. In the case of a fixed object the equal and
opposite reaction force can be traced to interatomic forces in the neighborhood of the point of contact which
act to resist compression, and these in turn can be traced to electromagnetic interactions involving orbital
electrons of adjacent atoms or molecules, etc.

0 There is likely to be a deep connection between the fact that the spectrum that arises in this fashion
due to acceleration and the ordinary blackbody spectrum have identical form.
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Now a similar experience of an equal and opposite reaction force arises when a non-fixed object is forced
to accelerate. Why does acceleration create such a reaction force? We suggest that this equal and opposite
reaction force also has an underlying cause which is at least partially electromagnetic, and specifically may
be due to the scattering of electromagnetic quantum vacuum radiation. RH demonstrated that from the
point of view of the pushing agent there exists a net flux (Poynting vector) of quantum vacuum radiation
transiting the accelerating object in a direction opposite to the acceleration: the Rindler flux. [6] Interaction
of this flux with the quarks and electrons constituting a material object would create a back reaction force
that can be interpreted as inertia. One simply needs to assume that there is some dimensionless efficiency
factor, 77(0;), that in the case of particles corresponds to whatever the interaction process is (e.g. dipole
scattering). In the case of elementary particles we suspect that 77(0;) contains one or more resonances —
and in the Appendix discuss why these resonances likely involve Compton frequencies of relevant particles
forming a composite particle or object — but this is not a necessary assumption.

The RH approach relies on making transformations of the Wp and Bzp from a stationary to a uniformly-
accelerating coordinate system (see, for example, §11.10 of Jackson for the relevant transformations [13]).
In a stationary or uniformly-moving frame the Ezp and B*p constitute an isotropic radiation pattern. In a
uniformly- accelerating frame the radiation pattern acquires asymmetries. There appears a non-zero Poynting
vector in any accelerating frame, and therefore a non-zero Rindler flux which carries a net flux of electro-
magnetic momentum. The scattering of this momentum flux generates a reaction force, Fr, proportional to
the acceleration. RH found an invariant scalar with the dimension of mass quantifying the inertial resistance
force of opposition per unit of acceleration resulting from this process. We interpret this scalar as the inertial
mass,

mi = -J- / ri(i/)pzp(i/) dv, (5)

where pzp is the well known spectral energy density of the electromagnetic quantum vacuum of eqn. (1). In
other words, the amount of electromagnetic zero point energy instantaneously transiting through an object
of volume VQ and interacting with the quarks, electrons and all charges in that object is what constitutes
the inertial mass of that object in this view. It is change in the momentum of the radiation field that creates
the resistance to acceleration usually attributed to the inertia of an object.

Indeed, not only does the ordinary form of Newton's second law, F = ra^a, emerge from this analysis,
but one can also obtain the relativistic form of the second law: [6]

The origin of inertia, in this picture, becomes remarkably intuitive. Any material object resists acceleration
because the acceleration produces a perceived flux of radiation in the opposite direction that scatters within
the object and thereby pushes against the accelerating agent. Inertia in the present model appears as a kind
of acceleration-dependent electromagnetic quantum vacuum drag force acting upon electromagnetically-
inter acting elementary particles. The relativistic law for "mass" transformation involving the Lorentz factor
7 — that is, the formula describing how the inertia of a body has been calculated to change according to an
observer's relative motion — is automatically satisfied in this view, because the correct relativistic form of
the reaction force is derived, as shown in eqn. (6).

ORIGIN OF WEIGHT AND THE WEAK EQUIVALENCE PRINCIPLE

Einstein introduced the local Lorentz invariance (LLI) principle in order to pass from special relativity
to GR. It is possible to use this principle immediately to extend the results of the quantum vacuum inertia
hypothesis to gravitation (details discussed in two forthcoming papers [9]).

The idea behind the LLI principle is embodied in the Einstein elevator thought experiment. He proposed
that a freely-falling elevator in a gravitational field is equivalent to one that is not accelerating and is far
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from any gravitating body. Physics experiments would yield the same results in either elevator, and therefore
a freely-falling coordinate frame in a gravitational field is the same as an inertial Lorentz frame. (This is
rigorously only true for a "small elevator" since a gravitational field around a planet, say, must be radial,
hence there are inevitably tidal forces which would not be the case for an ideal acceleration.) The device
Einstein used to develop general relativity was to invoke an infinite set of such freely falling frames. In each
such frame, the laws of physics are those of special relativity. The additional features of general relativity
emerge by comparing the properties of measurements made in freely-falling Lorentz frames "dropped" one
after the other.

This appraoch of Einstein is both elegant and powerful. The LLI principle immediately tells us that
an object accelerating through the electromagnetic quantum vacuum is equivalent to an object held fixed in
a gravitational field while the electromagnetic quantum vacuum is effectively accelerating (falling) past it.
The prediction of GR that light rays deviate from straight-line propagation in the presence of a gravitating
body — which Eddington measured in 1919 thereby validating GR — translates into acceleration (falling)
of the electromagnetic quantum vacuum. An object accelerating through the electromagnetic quantum
vacuum experiences a Rindler flux which causes the inertia reaction force. A fixed object past which the
electromagnetic quantum vacuum is accelerating, following the laws of GR, experiences the same Rindler
flux and the resulting force is what we call weight. That is why mg = ra; and is the basis of the weak
equivalence principle.

CONCLUSIONS

Geometrodynamics is an elegant theoretical structure, but there is a very fundamental physics question
that geometrodynamics has never satisfactorily addressed. If an object is forced to deviate from its natural
geodesic motion, a reaction force arises, i.e. the weight of an object. Where does the reaction force that
is weight come from? That same force would also be the enforcer of geodesic motion for freely falling
objects. GR specifies the metric of spacetime from which geodesies can be calculated, but is there a physical
mechanism to keep freely-falling objects from straying from their proper geodesies? Geometrodynamics does
not provide a physical mechanism for this. It can only claim that deviations of an object from its proper
geodesic motion results in an inertial reaction force. This is true but uninformative. The quantum vacuum
inertia hypothesis provides a physical process generating inertia and weight.

Quantum physics predicts the existence of an underlying sea of zero-point energy at every point in the
universe. This is different from the cosmic microwave background and is also referred to as the electro-
magnetic quantum vacuum since it is the lowest state of otherwise empty space. This sea of energy fills all
of space and is absolutely the same everywhere as perceived from a constant velocity reference frame. But
viewed from an accelerating reference frame, the radiation pattern of the energy becomes minutely distorted:
a tiny directional flow is experienced by an accelerating object or observer, the Rindler flux. Importantly,
the force resulting from that energy-momentum flow turns out to be proportional to the acceleration. When
this energy-momentum flow — that arises automatically when any object accelerates — interacts with the
fundamental particles constituting matter (quarks and electrons) a force arises in the direction opposite to
the acceleration. This process can be interpreted as the origin of inertia, i.e. as the basis of Newton's second
law of mechanics: F = ma (and its relativistic extension).[6]

It has now been discovered that exactly the same distortion of the radiation pattern occurs in geometro-
dynamics when the metric is non-Minkowskian. [9] The curved spacetime geodesies of geometrodynamics
affect the zero-point energy in the same way as light rays (because the zero-point energy is also a mode
of electromagnetic radiation). The gravitational force causing weight and the reaction force causing inertia
originate in an identical interaction with a distortion in the radiation of the zero-point energy field. Both are
a kind of radiation pressure originating in the electromagnetic quantum vacuum. The underlying distortion
of the radiation pattern is due to an event horizon-like effect and is related to Unruh-Davies radiation and
Hawking radiation.

What the quantum vacuum inertia hypothesis accomplishes is to identify the physical process which is
the enforcer of geometrodynamics or general relativity. The quantum vacuum inertia hypothesis appears
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to provide a link between light propagation along geodesies and mechanics of material objects. Moreover,
since the distortion of the zero-point energy radiation pattern is the same whether due to acceleration or
being held stationary in a gravitational field, this explains a centuries old puzzle: why inertial mass and
gravitational mass are the same: both are due to the same non-zero Rindler flux. This gives us a deeper
insight into Einstein's principle of equivalence.

APPENDIX: INERTIA AND THE DE BROGLIE WAVELENGTH

Four-momentum is defined as
/ E1 \

P = I —, P 1 = (7^oc, p) = (7moc, 7mov), (Al)

where |P| = m^c and E = 77710c2. The Einstein-de Broglie relation defines the Compton frequency hvc =
m0c2 for an object of rest mass mo, and if we make the de Broglie assumption that the momentum-wave
number relation for light also characterizes matter then p = ftk# where k# = 27r(A£1

1, A^, A^). We thus
write

P = /27T71/C

h~ \ c
and from this obtain the relationship

AB = —Ac (A3)71;

between the Compton wavelength, AC, and the de Broglie wavelength, A#. For a stationary object \B is
infinite, and the de Broglie wavelength decreases in inverse proportion to the momentum.

Eqn. (5) is very suggestive that quantum vacuum-elementary particle interaction involves a resonance
at the Compton frequency. De Broglie proposed that an elementary particle is associated with a localized
wave whose frequency is the Compton frequency. As summarized by Hunter [14]: ".. .what we regard as the
(inertial) mass of the particle is, according to de Broglie's proposal, simply the vibrational energy (divided by
c2) of a localized oscillating field (most likely the electromagnetic field). From this standpoint inertial mass
is not an elementary property of a particle, but rather a property derived from the localized oscillation of the
(electromagnetic) field. De Broglie described this equivalence between mass and the energy of oscillational
motion.. .as 'une grande loi de la Nature' (a great law of nature)."

This perspective is consistent with the proposition that inertial mass, m^ may be a coupling parameter
between electromagnetically interacting particles and the quantum vacuum. Although De Broglie assumed
that his wave at the Compton frequency originates in the particle itself (due to some intrinsic oscillation
or circulation of charge perhaps) there is an alternative interpretation discussed in some detail by de la
Pena and Cetto that a particle "is tuned to a wave originating in the high-frequency modes of the zero-point
background field." [8] The de Broglie oscillation would thus be due to a resonant interaction with the quantum
vacuum, presumably the same resonance that is responsible for creating a contribution to inertial mass as
in eqn. (5). In other words, the electromagnetic quantum vacuum would be driving this vc oscillation.

We therefore suggest that an elementary charge driven to oscillate at the Compton frequency, i/c, by
the quantum vacuum may be the physical basis of the f](y) scattering parameter in eqn. (5). For the case of
the electron, this would imply that r\(y) is a sharply-peaked resonance at the frequency, expressed in terms
of energy, hvc = 512 keV. The inertial mass of the electron would physically be the reaction force due to
resonance scattering of the electromagnetic quantum vacuum radiation, the Rindler flux, at that frequency.

This leads to a surprising corollary. It has been shown that as viewed from a laboratory frame, a
standing wave at the Compton frequency in the electron frame transforms into a traveling wave having the
de Broglie wavelength for a moving electron. [8,14,15,16] The wave nature of the moving electron (as measured
in the Davisson-Germer experiment, for example) would be basically due to Doppler shifts associated with
its Einstein-de Broglie resonance at the Compton frequency. A simplified heuristic model shows this, and
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a detailed treatment showing the same result may be found in de la Pena and Cetto [8]. Represent a
quantum vacuum-like driving force field as two waves having the Compton frequency u>c = 2?n/c travelling
in equal and opposite directions, ±x. The amplitude of the combined oppositely-moving waves acting upon
an electron will be

<t> = 4>+ H- (/>- =2 cos (jjct cos kc%.

But now assume an electron is moving with velocity v in the +x-direction. The wave responsible
for driving the resonant oscillation impinging on the electron from the front will be the wave seen in the
laboratory frame to have frequency u;_ = 70^ (1 ~~ v/c}i i-e- it is the wave below the Compton frequency
in the laboratory that for the electron is Doppler shifted up to the ujc resonance. Similarly the zero-point
wave responsible for driving the electron resonant oscillation impinging on the electron from the rear will
have a laboratory frequency o>+ = 7u;c(l -f v/c) which is Doppler shifted down to uc for the electron. The
same transformations apply to the wave numbers, k+ and k-. The Lorentz invariance of the electromagnetic
quantum vacuum spectrum ensures that regardless of the electron's (unaccelerated) motion the up- and down-
shifting of the laboratory-frame spectral energy density will always yield a standing wave in the electron's
frame.

It can be shown [8,15] that the superposition of these two oppositely- moving, Doppler-shifted waves is

kpx) cos (

Observe that for fixed z, the rapidly oscillating "carrier" of frequency 7u>c is modulated by the slowly varying
envelope function in frequency UB- And vice versa observe that at a given t the "carrier" in space appears to
have a relatively large wave number *ykc which is modulated by the envelope of much smaller wave number
kg. Hence both timewise at a fixed point in space and spacewise at a given time, there appears a carrier
that is modulated by a much broader wave of dimension corresponding to the de Broglie time IB =
or equivalently, the de Broglie wavelength A# =

This result may be generalized to include quantum vacuum radiation from all other directions, as may
be found in the monograph of de la Pena and Cetto [8]. They conclude by stating: "The foregoing discussion
assigns a physical meaning to de Broglie's wave: it is the modulation of the wave formed by the Lorentz-
transformed, Doppler-shifted superposition of the whole set of random stationary electromagnetic waves of
frequency uc with which the electron interacts selectively."

Another way of looking at the spatial modulation is in terms of the wave function: the spatial modulation
of eqn. (A5) is exactly the elpx/h wave function of a freely moving particle satisfying the Schrodinger equation.
The same argument has been made by Hunter [14]. In such a view the quantum wave function of a moving
free particle becomes a "beat frequency" produced by the relative motion of the observer with respect to the
particle and its oscillating charge.

It thus appears that a simple model of a particle as an electromagentic quantum vacuum-driven oscil-
lating charge with a resonance at its Compton frequency may simultaneously offer insight into the nature of
inertial mass, i.e. into rest inertial mass and its relativistic extension, the Einstein-de Broglie formula and
into its associated wave function involving the de Broglie wavelength of a moving particle. If the de Broglie
oscillation is indeed driven by the electromagnetic quantum vacuum, then it is a form of Schrodinger's zitter-
bewegung. Moreover there is a substantial literature attempting to associate spin with zitterbewegung tracing
back to the work of Schrodinger [17]; see for example Huang [18] and Barut and Zanghi [19].
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Abstract

A set of new exact analytical general relativity (GR) solutions with time-dependent and spatially inhomogeneous quintessence
demonstrate (1) a static non-empty space–time with a horizon-type singular surface; (2) time-dependent spatially homogeneous
‘spheres’ which are completely different in geometry from the Friedmann isotropic models; (3) infinitely strong anti-gravity at
a ‘true’ singularity where the density is infinitely large. It is also found that (4) the GR solutions allow for an extreme ‘density-
free’ form of energy that can generate regular space–time geometries. 2002 Elsevier Science B.V. All rights reserved.

PACS: 98.80.Cq; 04.25.Dm; 04.60.-m

1. Introduction

The idea of quintessence (Q) as a dynamic, time-
dependent and spatially inhomogeneous energy with
negative pressure-to-density ratio (p = wp, −1 <
w < 0) [1] provides new ‘degrees of freedom’ in
cosmology [1,2] and extends the variety of modern
field models to include extreme forms of energy [1,3].
It may also stimulate a better understanding of the
fundamental problem of interplay between gravity and

* Corresponding author.
E-mail address: david@small.stanford.edu (D.I. Santiago).

the known field theories (for a review of this problem,
see [4]).

The equation of state withw = −1 represents
vacuum-type quintessence (VQ) which is phenomeno-
logically described by the cosmological constant [5];
VQ is known to induce the dynamic effect of cosmo-
logical acceleration, if its density is positive. Recent
data on the brightness of distant SN Ia [6] (as well
as the evidence coming from the cosmic age, large
scale structure, and cosmic microwave background
anisotropy combined with the cluster dynamics) most
probably indicate that the observed cosmological ex-
pansion is indeed accelerating if the universe is homo-
geneous. The physical reason for the cosmic accelera-
tion may generally be attributed not only to VQ, but to

0375-9601/02/$ – see front matter 2002 Elsevier Science B.V. All rights reserved.
PII: S0375-9601(01)00672-7
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any form of Q withw < −1/3, ρ > 0 orw > −1/3,
ρ < 0, as seen from the Friedmann equations. In the
original paper [1], positive energy for Q is preferred;
in contrast with that, the whole range−∞< ρ <+∞
is considered below, for completeness and to examine
whether any restrictions on the sign of energy could
come from GR, ifw = const. Note that the ‘inertial
energy dominance condition’,ρ+p > 0, which is not
met in the basic case of VQ,w = −1, is not satisfied
also for some other forms of energy discussed below.

The special casew = −1/3 represents the only
form of energy (with the linear equation of state) that
can generate gravity with zero acceleration or decel-
eration effect in a homogeneous and isotropic uni-
verse, regardless the sign of the energy density. Grav-
ity of this origin reveals itself only in the curvature
of the four-dimensional space–time, it has no New-
tonian analogs (unlike all other forms of Q, including
VQ), and its nature is completely due to general rel-
ativity (GR) physics. Historically, Q withw = −1/3
was the first energy component that appeared in GR
cosmology: in the Einstein static cosmological solu-
tion of 1917 the dynamic balance of anti-gravity of
the cosmological constant and gravity of pressure-free
matter gives rise to an effective equation of state with
w = −1/3. This special type of Q withw = −1/3 may
be calledEinstein quintessence (EQ).

In the present Letter, some special properties of
gravity produced by EQ, as well as by other extreme
forms of Q in static and time-dependent, spatially
homogeneous and inhomogeneous space–times are
studied by means of a set of new exact analytical GR
solutions. The metric of the solutions has 3D spherical
symmetry,

(1)ds2 =A(r, t) dt2 −B(r, t) dΩ2 −C(r, t) dr2;
the components of the metric tensorA(r, t),B(r, t),
C(r, t) are functions of the radial coordinater and
time t , anddΩ2 = sin2 θ dϕ2 + dθ2.

Four major new results are reported in the Let-
ter. (1) The interplay between gravity and Q is capa-
ble of creating a static non-empty space–time with a
horizon-type singular surface. (2) This interplay is also
revealed in the formation of time-dependent spatially
homogeneous ‘spheres’ which are completely differ-
ent from the Friedmann isotropic models and have no
analogs in Newtonian gravity. (3) Q can induce infi-
nitely strong anti-gravity at a ‘true’ singularity where

the density is infinitely large. (4) GR allows for an
extreme ‘density-free’ form of energy that can gener-
ate regular space–time geometries. We use units with
G= c= 1.

2. Solution S±

All ‘static’ (no dependence ont in the metric coef-
ficients (1)) solutions to Einstein’s equations (see, for
instance, [7]) with EQ equation of state(w = −1/3)
are given by

B(r)= r2, C = r4

a2

(A′)2

A
,

(2)8πρ = 3a2

r5

A

(A′)2

(
A′′

A′ + 2

r

)
,

whereA(r) is determined from a quadratic equation

(3)kA2 + 2

a2A+ b+ 1

r2 = 0,

with three arbitrary constantsk, b and a2 > 0. For
k �= 0 the two (S±) solutions thus are

A(r)= 1

ka2

[−1± √
K(r)

]
,

(4)C(r)= −1∓ √
K(r)

(br2 + 1)K(r)
,

8πρ(r)= −3(1− ka4b)

ka4

[−1± √
K(r)

]
,

(5)K(r)= 1− ka4(b+ 1/r2).
To describe the parameter cases, it is convenient to

introduceq = 1 − ka4b, so thatK(r) = q − ka4/r2.
Evidently,

√
K(r) should be positive at least for some

interval ofr, which leads to the following:
(A) For q � 0, k > 0 there are no (physical)

solutions.
(B) For q < 0, k < 0 we have ‘interior’ solutions,

r2 � ka4/q ; S+ does not have an event horizon for
q < −1/2, its horizon coincides with the boundary
r2 = 2|k|a4 for q = −1/2, there is a horizon inside the
space–time for−1/2< q < 0; apparently, S− always
has no horizon.

(C) For q = 0, ρ = 0, k < 0 S+ is the Schwarz-
schild exterior solution, S− is not physical because it
is also Schwarzschild but with a negative central mass.
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(D) For q > 0, k < 0 both solutions are ‘global’
(space–time extends to anyr), S+ has a horizon.

(E) For q > 0, k > 0 both are ‘exterior’ solutions,
r2 � ka4/q , S+ has no horizon for 0< q < 1/2, its
horizon coincides with the boundaryr2 = 2ka4 for
q = 1/2, there is a horizon inside the space–time for
q > 1/2.

Note that wheneverr = 0 is within the space–
time, solutions S± have there a true (non-coordinate)
singularity: both the Ricci curvature and the density
are infinite atr = 0. For S− this is a naked singularity,
with no horizon around it. Note also that in the limit
k → 0 S+ goes to the solution S-1, which is obtained
from Eq. (3) withk = 0 and is discussed immediately
below, while S− is singular.

3. Solution S-1

If k = 0 in Eq. (3), we have a particular solution for
EQ of an especially simple form:

A(r)=A0

(
1− 1

αr2

)
, B(r)= r2,

(6)C(r)= 2

αr2

(
1− 1

αr2

)−1

,

(7)8πρ = 3

2
α

(
1

αr2 − 1

)
,

whereα = −b andA0 = a2α/2. To keep the proper
signature of the metric asr → ∞, we requireA0> 0,
so that α > 0; without loss of generality, we set
A0 = 1, i.e.,a2 = 2/α = −2/b > 0. Let us discuss this
solution in more detail, setting, for simplicity,α = 1.

(A) The space–time of the solution S-1 has a hori-
zon atr = 1 where the components of the metric ten-
sor g00 = A(r) andg11 = −C(r) change their signs.
The horizon separates (or connects) a static spatially
inhomogeneous exterior space (E-space) atr > 1 and
a ‘hidden’ interior object (I-object) atr < 1. These two
regions are similar to R- and T-regions, respectively, as
described by Novikov [8] for the Schwarzschild solu-
tion. The true singularity with the infinite Ricci curva-
ture and density is atr = 0. The density in S-1 may
be regarded as consisting of two components with the
same equation of state: one is uniform and negative,

8πρ− = −3/2< 0, the other is non-uniform (‘isother-
mal’ law) and positive, 8πρ+(r) = 3/2r2 > 0. The
first one dominates the E-space, and the other one
dominates the I-object; the total density changes its
sign at the horizon.

(B) The ‘energy equation’ introduced for the met-
ric of Eq. (1) by Lemaître (see Ref. [5]) may be used
to find an analog of the Newtonian gravitational po-
tential as one of the physical characteristics of grav-
ity produced by EQ in S-l. The equation has a form
of energy conservation relation,(1/2)(dB1/2/dt)2 −
m(r, t)/r = E, whereE = C−1(dB1/2/dr)2 − 1 and
m(r, t) is the Newtonian analog of gravitating mass. In
S-1, the Newtonian mass proves to bem(r)= (3/4)×
r[1 − (1/3)r2], and the Newtonian potentialu(r) =
−m/r = −(3/4)[1 − (1/3)r2] describes ‘the New-
tonian component’ of gravity produced by EQ in S-1.
The potentialu is finite at the true singularity(u(0)
= −3/4) (unlike that in the Schwarzschild solution)
and goes to+∞ at spatial infinity where the density
becomes constant (see below). On the singular sur-
face,m(1)= 1/2, and so 2|u(1)| = 1 (like that in the
Schwarzschild solution).

(C) EQ gravity in S-1 is not reduced to Newtonian
gravity completely; in particular, the dynamic effect of
acceleration is essentially different in S-1 from what
may be produced by the Newtonian potentialu. The
total accelerating effect can be evaluated in terms of
the effective potential,U(r), which may be derived
using the fact that S-1 describes EQ in a state of hy-
drostatic equilibrium: its pressure and self-gravity are
balanced in the E-space. The pressure gradient pro-
duces radial accelerationFp = −(dp/dr)(ρ + p)−1

= [8π(r3− r)]−1, which is positive. So the gravity ac-
celeration isF = −Fp = −[8π(r3 − r)]−1; it is neg-
ative, and therefore gravity is attracting. The effective
gravitational potential responsible for this attraction is
U = (1/2) ln[r2/(r2 − 1)].

(D) S-1 can be rewritten in the E-space as

(8)

ds2 = tanh2
(
χ/

√
2
)
dt2 − cosh2

(
χ/

√
2
)
dΩ2

− dχ2,

(9)8πρ = −3

2
tanh

(
χ/

√
2
)
,

with the new spatial coordinateχ related tor by r =
cosh(χ/

√
2); its range is from zero to infinity. The

density decreases monotonically from zero atχ = 0
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to −3/2 at χ = ∞. This form of S-1 may possibly
be considered both in relation to and independently
of the I-object. In the limitr → ∞, where the den-
sity is spatially homogeneous, the metric of S-1 takes
the formds2 = dt2 − r2 dΩ2 − 2r−2dr2, or ds2 =
dt2 − exp(

√
2χ)dΩ2 − dχ2. Since the general sta-

tic solution for EQ in the homogeneous and isotropic
3-space has the formds2 = dt2 − r2 dΩ2 − (1 −
kr2/a2

0)
−1dr2, 8πρ = −24πρ = 3k/a2

0 (k = 1,0,−1
is the sign of 3-curvature,a0 is an arbitrary scall-
ing constant), one can see that the metric of Eqs. (2),
(4) reduces to the isotropic metric withk = −1 and
a0 = 1/2 in the limit r → ∞. For comparison:k = 1,
a0 = 1 in the Einstein static solution.

(E) SinceA(r) andC(r) in S-1 change their signs
at the singular surface, the signature of the metric
of the I-object is (−−−+). This means that the
coordinater becomes time-like, and the coordinatet
becomes space-like inside the I-object. The same is
true for the Schwarzschild space–time [8]. Because of
that, the density of the I-object depends only on the
time-like coordinate, thus it is spatially homogeneous.
However, in contrast with the Schwarzschild space–
time, a formal replacement ofg00 with g11 and vice
versa, which transforms the signature of the I-object to
the ‘ordinary’ type (+ − −−), does not work for S-1,
because the metric resulting from Eqs. (2) after this
transformation is not a solution to the GR equations.

4. Solution S-2

GR equations for the same metric of Eq. (1) allow
for the following time-dependent particular solution

A(t)= 1

4

(
n2 − 4

) = const> 0,

(10)B(t)= t2, C(t)= tn,

8πρ = n(n+ 4)

n2 − 4

1

t2
, p =wρ,

(11)n= − 4w

1+w = const.

The parameter range of this solution apparently con-
sists of two parts:n > 2 (−1 < w < −1/3) and
n <−2 (|w|> 1; this is not Q as defined above). Note
that both VQ (w = −1) and EQ (w = −1/3) are out-
side this range.

(A) The most striking feature of this solution (S-2)
is thatA, C and evenB do not depend onr, and are
functions of the time only. One may see here a sim-
ilarity to the I-object of S-1 whose metric also de-
pends on the time-like coordinate only. A closer sim-
ilarity may be recognized with the ‘T-sphere’ found
by Ruban [9] for pressure-free matter and the same
S-2 symmetry of 3-space withB = B(t). The density
and pressure are spatially homogeneous (functions of
the time only) in both the S-2 and Ruban’s T-sphere.
Time t varies in S-2 from−∞ to +∞, and the density
varies from zero att → ±∞ to infinity in the (true)
singularityt = 0 which has the same character as that
in homogeneous and isotropic cosmological models.
However, there are no coordinate transformations that
could reduce S-2 and Ruban’s T-sphere to the FRW
metric with the isotropic 3-space.

(B) Unlike the Friedmann solutions, gravity in S-2
and Ruban’s T-sphere does not have any Newtonian
analogs. Rather, the space–time of this special type has
common features with anisotropic spatially homoge-
neous cosmological models (cf. [9]).

(C) The pressure,p = −n2/[8π(n2 − 4)t2], is neg-
ative in S-2, while the density may be either positive or
negative. The density is positive ifw is in ‘the Q range’
−1< w < −1/3 (n > 2). (Note that in the isotropic
3-space Q withw in this range produces positive ac-
celeration, see Section 1.) The density is also positive
for w > 1 (i.e.,−4< n < 2), but it is negative when
w <−1 (n <−4).

(D) The density turns to zero forw = ∞ (n= −4).
This case describes a form of energy withρ = 0,
p < 0, which is perhaps the most extreme form of Q.
As we see, GR does not exclude the equation of
state withw = ∞, and gives a regular solution for it,
A(r) = 3, B(r) = t2, C = t−4. ‘Density-free’ energy
may also be in a state of hydrostatic equilibrium (see
below).

5. Solution S-3

A power law particular static solution, which is a
counterpart to S-2, is also allowed by the GR equations
for the metric of Eq. (1):

A(r)= rn, B(r)= r2,

(12)C(r)= 1

4

(
4+ 4n− n2) = const> 0,
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8πρ = n(4− n)
4+ 4n− n2

1

r2 , p =wρ,

(13)n= 4w

1+w.
The parameter range here looks even more peculiar:
−2(

√
2 − 1) < n < 2(

√
2 + 1), which corresponds to

the two intervals for the values ofw,w >−(√2−1)/
(
√

2 + 1) > −1/3 andw < −1. Neither VQ nor EQ
are within this range, and the solution relates to Q only
when−(√2− 1)/(

√
2+ 1) < w < 0.

(A) Similar to S-1 and S-2, solution S-3 depends
on one coordinate only, and the true singularity of all
the three solutions is at the origin of this coordinate.
The positive component of density in S-1, and the total
densities in S-2 and S-3 follow the inverse square law.
Both S-1 and S-3 describe Q in a state of hydrostatic
equilibrium.

(B) The pressure,p = n2/[8π(4 + 4n− n2)r2], is
positive in S-3 for anyn �= 0. Atn= 0 the pressure and
density are both identically zero. In this case,A = 1,
C = 1, and the metric of S-3 turns to the Lorentz
metric of empty space–time. The density in S-3 is
positive for 0< n< 4 and negative otherwise.

(C) The density vanishes also forn= 4,w = ±∞.
This is the ‘density-free’ (ρ = 0, p > 0) form of en-
ergy, and S-3 (same as S-2 above) gives a regular met-
ric for this case:A = 1, B(r) = r2, C(r) = r4. The
fact that this form of energy is in the state of hydrosta-
tic equilibrium shows that ‘density-free’ energy has its
inertial mass (per unit volume)ρi = p which is equal
to its passive gravitational mass, and that the active
mass density is positive.

(D) For n �= 0, the sign of the active gravitating
mass depends on the sign ofn. If n is positive, the
mass is positive; but ifn is negative (and thusw is
negative), the active mass is negative also. In terms
of Newtonian physics, the negative mass produces a
positive acceleration, which goes to infinity asr → 0,
and so anti-gravity is infinitely strong at the singular-
ity. Whether it is capable, under these conditions, of
producing ‘auto-emission’ of particles from the singu-
larity (where the density is infinite), and/or enhance
quantum evaporation of particles from the singularity,
should be discussed separately.

(E) S-3 describes hydrostatic equilibrium of not
only Q with negativew, but also, for instance, of ultra-
relativistic fluid (w = 1/3, n = 1, C = 7/4) and of
Zeldovich ultra-stiff fluid (w= 1, n= 2,C = 2).
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Abstract

Quantization in the minisuperspace of a gravity system coupled to a perfect fluid, leads to a solvable model which implies
singularity free solutions through the construction of a superposition of the wavefunctions. We show that such models are
equivalent to a classical system where, besides the perfect fluid, a repulsive fluid with an equation of statepQ = ρQ is present.
This leads to speculate on the true nature of this quantization procedure. A perturbative analysis of the classical system reveals
the condition for the stability of the classical system in terms of the existence of an anti-gravity phase. 2001 Elsevier Science
B.V. All rights reserved.

PACS: 04.20.Cv; 04.20.Me

The existence of an initial singularity is one of the
major drawbacks of the so-called standard cosmolog-
ical model. It is a general belief that such problem
can be solved through the employment of a quantum
theory of gravity. Indeed, near the singularity sub-
Planckian scales are reached and a classical descrip-
tion of the Universe under this situation is not appro-
priate. However, there is no consistent quantum the-
ory of gravity until now, and in this sense the problem
of the initial singularity remains of actuality. On the
other hand, it is possible to construct a quantum model
for the Universe as a whole, through the Wheeler–
DeWitt equation, based in the ADM decomposition of
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the gravity sector, which leads to a Hamiltonian for-
mulation of general relativity, from which a canonical
quantization procedure can be applied. This gives birth
to quantum cosmology [1,2].

Quantum cosmology is not free from problems.
First, it can be applied only to geometries where a fo-
liation is possible. Moreover, the Hamiltonian formal-
ism leads to a breakdown of general covariance, and
the notion of time is lost [3]. There are some recent
proposals by which this notion of time can be recov-
ered. One of these proposals is based in the coupling of
the gravity sector to a perfect fluid. Using the Schutz’s
formulation of a perfect fluid [4], a quantization proce-
dure is possible. The canonical momentum associated
with the perfect fluid appears linearly in the Wheeler–
DeWitt equation, permitting to rewrite this equation in
the form of a Schrödinger equation and a time coordi-
nate associated with the matter field can be identified.

Solutions based on this approach reveal that a
superposition of the wavefunctions which are solu-

0375-9601/01/$ – see front matter 2001 Elsevier Science B.V. All rights reserved.
PII: S0375-9601(01)00229-8
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tions of the resulting Schrödinger equation leads to a
singularity-free Universe [5–8]. The behaviour of the
scale factor may be determined in two different ways:
calculating the expectation value of the scale factor, in
the spirit of the many worlds’ interpretation of quan-
tum mechanics; evaluating the Bohmian trajectories
in the ontological formulation of quantum mechanics.
The results are essentially the same in both approaches
and the scale factor display a bounce, the singular-
ity never being reached. It must be noted that even if
the two procedures are technically equivalent, they are
conceptually very different from each other; there are
claims that from the conceptual point of view only the
ontological formalism can be consistently applied to
quantum cosmology [2].

The existence of a bounce indicates that there is
a repulsive effect, of quantum origin, when the scale
factor approaches the singularity. In this Letter we
study more in detail such scenario. It is shown that
the quantum scenario can be reproduced exactly by a
very simple classical model where a repulsive fluid is
added to the normal perfect fluid. It is surprising that
the repulsive fluid is always the same, given by a stiff
matter equation of statepQ = ρQ, independently of
the content of the normal fluid. The existence of this
classical analogous of the quantum model leads us to
ask questions on the true nature of the quantization
in this case. Under which conditions the features of
a quantum system can be exactly reproduced by a
classical system? Our analysis is restricted to a perfect
fluid coupled to gravity system, where the notion of
time is recovered. But we sketch some considerations
on other situations where gravity is coupled to matter
fields.

The existence of a classical analogous of the quan-
tum model allows us to perform a perturbative analy-
sis establishing under which conditions the repulsive
phase near singularity may be stable or not. In fact,
when the mechanism responsible for the avoidance
of the singularity implies the violation of the strong
energy condition only, we can expect this configura-
tion to be stable; but, our analysis suggests that the
quantum effects are due to a real anti-gravity phase,
which can lead to instabilities under certain condi-
tions.

In the perfect fluid formulation developed by Schutz,
the degrees of freedom associated with the fluid are
given by five scalar potentials in terms of which the

four velocity is written:

(1)uµ = 1

µ
(φ,ν + ζβ,ν + θS,ν),

whereµ is the specific enthalpy. The four velocity is
subjected to the condition

(2)uνuν = 1

what enables us to express the specific enthalpy in
terms of the other five potentials. From now on, we
work in natural units, for whichG = c = h̄ = 1. The
action is then given by

S =
∫
M

d4x
√−gR + 2

∫
∂M

d3x
√
hhijK

ij

(3)+
∫
M

d4x
√−gp,

wherehij is the metric on the spatial section,Kij is the
extrinsic curvature andp is the pressure of ordinary
matter. Action (3) is apparently non-covariant because
of the pressure term. But, in fact, the constraints intrin-
sic to this formalism permit to recover the covariance.

We will consider from now on the Robertson–
Walker flat geometry (the spatial section must be
compact in order to be consistent with the boundary
conditions)

(4)ds2 =N2dt2 − a(t)2hij dx
i dxj .

We assume a barotropic equation of statep = αρ.
Analyzing the conjugate momentum, and eliminating
non-physical degrees of freedom, we can reduce
action (3) to [6]

(5)S =
∫ {

ȧpa + φ̇pφ + ṠpS −NH
}
,

where

(6)H = − p2
a

24a
+ pα+1

φ a−3αeS.

There are three cases which will interest us here:
α = −1, α = 1/3 andα = 0. The dynamical vacuum
(α = −1) has been studied in [6], the radiative fluid
(α = 1/3) in [5,8,9], while the dust case (α = 0) was
treated in [7].

Following the Schutz formalism for the description
of perfect fluid, and specializing it to a dust fluid, with
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p = 0, we obtain the following Lagrangian:

(7)L= ȧpa + φ̇pφ −NH,

whereφ is the dust variable, withpφ being its conju-
gate momentum, andH is the Hamiltonian

(8)H = − p2
a

24a
+ eSpφ.

Classically, this system admits, for the flat case, the
well-known dust solutiona ∝ t2/3, where t is the
proper time, or equivalentlya ∝ η2, whereη is the
conformal time.

Now, we perform the canonical transformation

(9)τ = pSe
−Sp−1

φ , πτ = pφe
S,

reducing the Lagrangian to the form

(10)H = − p2
a

24a
+ pτ .

Imposing the quantization rules

(11)pa → −i ∂
∂a

, pτ → −i ∂
∂τ

,

and considering that the Hamiltonian becomes an
operator which acts on the wavefunction annihilating
it,

(12)H̃Ψ = 0,

we obtain the following partial differential equation
governing the behaviour of the wavefunction:

(13)
1

24

∂2Ψ

∂a2
− ia

∂Ψ

∂τ
= 0.

The fact that the conjugate momentumpτ associ-
ated to the dust fluid variable appears linearly in the
Hamiltonian, implies that the Wheeler–DeWitt equa-
tion in the minisuperspace assumes a form similar to
the Schrödinger equation withτ playing the role of
time. It is possible to show, through the canonical
transformations, that in this cases it is the cosmic time.
Performing the redefinitions [10]

(14)a = R√
12
, τ = t√

12
,

we end up with the equation

(15)
1

2

∂2Ψ

∂R2 = iR
∂Ψ

∂t
.

We solve Eq. (15) using the method of separation of
variables. It leads to the following decomposition of
Ψ (R, t):

(16)Ψ (R, t)= ξ(R)eiEt ,

whereE is a (positive) constant, andξ(R) obeys the
equation

(17)ξ ′′ + 2REξ = 0.

The prime means derivative with respect toR. The
solution for (17) is under the form of Bessel functions:

(18)
ξ(R)= √

R
(
c1J1/3

(
βR3/2) + c2J−1/3

(
βR3/2)),

with β = √
8E/9. The condition for the Hamiltonian

operator to be self-adjoint leads to two possible bound-
ary conditions:

(19)ξ(0)= 0 or ξ ′(0)= 0.

The final results is insensitive to which boundary
condition we employ. Hence, we will work with the
first one, but all results are essentially recovered if the
second condition is used.

The general solution is a superposition of (18). In
order to have analytical expressions, we will use the
following superposition:

(20)

Ψ (R, t)= √
R

∞∫
0

β4/3e−γβei(9/8)β2t

× J1/3
(
βR3/2)dβ,

whereγ is a kind of “Gaussian factor” determining the
rapidity the wavefunction goes to zero asβ increases.
Its solution is [11]

(21)Ψ (R, t)= R

(2A)4/3
e−R3/4A,

whereA= γ − i(9/8)t .
It may be asked which predictions such model

makes for the behaviour of the scale factor. Using the
many worlds’ interpretation, this mounts to evaluate
the expectation value of the scale factor. It must be
stressed that essentially the same result is achieved by
calculating the Bohmian trajectories [2]. The measure
employed in the expression is imposed again by
the self-adjoint condition, and the expression for the
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expectation value reads

√
12

〈
a(t)

〉 = 〈R〉

(22)=
∫ ∞

0 R2Ψ (R, t)∗Ψ (R, t) dR∫ ∞
0 RΨ (R, t)∗Ψ (R, t) dR

.

Using (21), the expectation value for the scale factor
can be calculated and the final result is

(23)
〈
a(t)

〉 = 1√
12

(
2

γ

)1/3
.(5/3)

.(4/3)

(
γ 2 + 81

64
t2

)1/3

.

The parametert can be identified as the cosmic time
due to the canonical transformations employed before.
Notice that the classical behaviour is recovered for
t → ∞. But, in general, the quantum model predicts
a non-singular model exhibiting a bounce: when the
singularity is approached, quantum effects leads to a
repulsive effect, which leads to a regular transition
from a contracting to an expanding phase.

A dynamical vacuum and a radiative fluid can be
analyzed through the same lines as before. These
problem were treated in [5,6,8] and we just present the
final results.

The dynamical vacuum is realized through the equa-
tion of statep = −ρ. Using again the Schutz for-
malism for this particular case, we rewrite the Hamil-
tonian (6), withα = −1, as

(24)H = − p2
a

24a
+ a3pT

through the canonical transformationspT = eS and
T = −e−SpS [6]. SincepT appears linearly in the
Hamiltonian, it can be identified with a time variable
as before, in this case in the gaugedt = dT /a3, where
t is the cosmic time [6]. Finding the solutions of the
corresponding Wheeler–DeWitt equation, evaluating
the expectation value of the scale factor, it results

(25)
〈
a(T )

〉 = .(4/3)

.(7/6)

[
64γ 2 + 9T 2

8γ

]1/6

.

Asymptotically the classical solution for a cosmolog-
ical constant is recovered if we choose, in the clas-
sical equations of motion, the time gaugeN = a−3

(the identification of the time coordinates can be jus-
tified rigorously [6] using the canonical transforma-
tions). In terms of the proper time, the solution (25)

can be rewritten as〈
a(t)

〉 = .(4/3)

.(7/6)

√
8γ

(26)×
{

cosh

[
3√
8γ

(
.(4/3)

.(7/6)

)3

t

]}1/3

.

For the radiative case, Hamiltonian (6) reads [5,9],
for α = 1/3 and after the canonical transformations
T = pSe

−Sp−4/3
φ andpT = p

4/3
φ eS ,

(27)H = − p2
a

24a
+ pT

a
.

Again, the conjugate momentum associated to the
matter variable appears linearly and consequently we
can identify this matter variable with a time variable
in the gaugedt = a dη, with is justified through the
canonical transformation as in the preceding cases.
Hence this time variable is the conformal time. The
wavefunctions can be determined through the Green’s
function method. Fixing the wavefunction att = 0 as
[9]

(28)Ψ (a)=
(

8σ1

π

)1/4

e−(σ1+iσ2)a
2

and using the harmonic oscillator Green’s function,
integrable expression can be obtained [5,9]. The scale
factor expectation value is given by

(29)
〈
a(η)

〉 = 1

12

√
2

πσ1

√
σ 2

1η
2 + (6− σ2η)2,

whereη is the conformal time,σ1 andσ2 being real
parameters. Again, this solution represents a non-
singular eternal Universe which coincides asymptot-
ically with the classical radiative solutiona ∝ η.

It must be stressed that in all cases, the classical
behaviour is recovered for large values of the proper
time. Also, all solutions are singularity-free, with
a bounce. Near the bounce repulsive effects appear
which, in the ontological formulation, are connected
with the quantum potential which corrects the classical
equations of motion.

A general feature of the quantum models developed
previously is the appearance of a repulsive phase
for small values of the scale factor, leading to the
avoidance of the singularity. In [12], it was shown
that a repulsive gravity single fluid model can lead
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to consistent cosmological models if the curvature is
negative; however, its stability is not assured in the
absence of ordinary (attractive) matter. Another way of
implementing a repulsive phase in classical cosmology
is to consider two fluids, one that acts attractively, and
the other that acts repulsively. In this case, we may
have consistent solutions with flat spatial section. It is
desirable that the repulsive fluid dominates for small
values of the scale factor, whereas the attractive fluid
dominates for large values of the scale factor. Hence,
in the general, considering just the flat spatial section,
we may obtain possible consistent models from

(30)

(
ȧ

a

)2

= 8πG(ρM − ρQ)= C1

am
− C2

an
,

wherepM = αMρM , pQ = αQρQ, m = 3(1 + αM)

and n = 3(1 + αQ). The subscriptsM andQ stand
for “normal” matter component and for “quantum”
repulsive component.

Ordinarily, normal matter may be a cosmological
constant, dust or a radiative fluid, corresponding to
αM = −1,0,1/3, respectively. Since it is desirable
that the repulsive component dominates at small val-
ues ofa, thenαQ > 1/3. We choose then a repulsive
stiff matter fluidαQ = 1, what leads ton= 6. Hence,
we will solve Eq. (30) withn= 6 andm= 0, 3 and 4.
The solutions are the following:

αM = −1, αQ = 1:

(31)a(t)=
(
C2

C1

)1/6

cosh1/3 3
√
C1t,

αM = 0, αQ = 1:

(32)a(t)=
(
C2

C1

)1/3[9

4

C2
1

C2
t2 + 1

]1/3

,

αM = 1/3, αQ = 1:

(33)a(η)=
√
C2

C1

[
C2

1

C2
(η− η0)

2 + 1

]1/2

.

The comparison of the above solutions with those
obtained through the construction of a superposition of
the wavefunctions resulting from the Wheeler–DeWitt
equation in the minisuperspace with only the ordinary
perfect fluid, reveals that they are the same provided
thatC1 andC2 are suitable functions of the parameters
of the wavepackets. For the dust case, for example, we

can fix

C1 = 1

123/2

9

8

1

γ

(
.(5/3)

.(4/3)

)3

,

(34)C2 = 1

123

9

4

(
.(5/3)

.(4/3)

)6

.

For the other cases, the expressions for these constants
are quite similar. But notice that, in the radiative case,
we have introduced a phaseη0, which can be zero only
if σ2 is also zero. Hence, wavepackets constructed
from a quantum model where, besides the scale factor,
there is a perfect fluid matter degree of freedom
(which leads to a time coordinate) are equivalent to
a classical model where gravity is coupled to the same
perfect fluid plus a repulsive fluid with a stiff matter
equation of statepQ = ρQ. It is really surprising
that the repulsive fluid, in the classical model, is the
same irrespective of the normal fluid employed in the
quantum model.

The question of reproducing the classical equations
of motion from the quantum ones appears already in
the ordinary quantum mechanics, and they are ex-
pressed in the so-called Ehrenfest’s theorem. Accord-
ing to this theorem, the center of the wavepacket may
follow a classical trajectory under certain conditions.
Explicitly, taking the expectation values of the Heisen-
berg’s equations for the position and momentum oper-
ators for a particle of massm in a potentialV (�r), we
find [13]

(35)
〈�̇r 〉 = �p

m
,

(36)
〈 �̇p〉 = −〈∇V (�r )〉

.

These relations coincide with the classical one only
if 〈∇V (�r)〉 = ∇V (〈�r〉). This happens only for very
special forms of the potential, the harmonic oscillator
being an example. Only in these special cases, we
may say that the center of the wavepacket follows a
classical trajectory.

However, the situation discussed here is somehow
different from that analyzed in the Ehrenfest’s theo-
rem. In fact the expectation value of the scale factor
of a quantum model derived from gravity and a per-
fect fluid of attractive nature is reproduced by a clas-
sical model where another fluid, of repulsive nature,
appears. This seems somehow mysterious.
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Some insights into what is happening in this case
may come from the employment of the ontological
interpretation of quantum mechanics. In this case, the
problem of time is solved in any situation (not only
when a matter field is present). In fact, the ontological
interpretation predicts that the system follows a real
trajectory given by the equations

(37)pq = S,q,

where the subscriptq designates one of the degrees
of freedom of the system, andS is the phase of the
wavefunction, which is written asΨ = ReiS , R and
S being real functions. The equation of motion (37) is
governed not only by a classical potentialV but also
by a quantum potentialVQ = ∇2R/R.

These considerations suggest that the quantum po-
tential has, at least in the case of the quantization of
perfect fluid systems, a very clear behaviour which
can be classically reproduced by a repulsive stiff mat-
ter fluid. However, we must stress that even in this
case we must find first the wavefunction, through the
Wheeler–DeWitt equation, determining than its phase,
from which the Bohmian trajectories is computed. In
the quantum models studied previously, it is not pos-
sible, in principle, to identify a classical and quan-
tum potential in terms of the scale factor from the
beginning. Moreover, even if this would be possi-
ble, the classical analogous we have determined are
completely independent of the Wheeler–DeWitt equa-
tion.

We may obtain more informations on the meaning
of this classical analogous of a quantum system by
studying the dispersion of the wavepacket. We will
treat again the dust case where the wavepacket is given
by (21). The calculation is standard and we obtain the
following expression for the dispersion of the wave-
packet:

∆a(t)=
[〈
a2(t)

〉 − 〈
a(t)2

〉]1/2

= 1√
12

(
2

γ

)1/3[
.(2)

.(4/3)
− .(5/3)2

.(4/3)2

]1/2

(38)×
(
γ 2 + 81

64
t2

)1/3

.

Hence, the wavepacket disperse as time evolves; its
minimal dispersion is reached in the origint = 0,
exactly where the classical and quantum behaviours

(both with just the dust fluid) do not coincide. Notice
that the ratio of∆a(t) to 〈a(t)〉 is constant, and as the
wavepacket becomes more localized, the scale factor
approaches the singularity. A localized wavepacket
means a small value forγ . Notice that asγ becomes
small, the coefficientC2 becomes negligible compared
with C1 (Eqs. (34)), and the two-fluid model tends to
approach the one fluid model.

The situation described above is very similar to
what happens with a free particle in ordinary quantum
mechanics: the wavepacket has its minimum width at
origin and disperse as time evolves. In this case the
question of the classical limit is somehow subtle. If
an ensemble of classical particles, with some initial
dispersion in their velocities, is settled in the origin,
their trajectories do not reproduce the possible results
of measurement of the free quantum particle initially;
as time evolves, the dispersion of the wavepacket tends
to coincide with the dispersion of the trajectories of
the classical particles. This does not mean that notion
of classical trajectory is recovered [13,14].

In quantum cosmology, however, the scenario is
more complex. In this case, we may use the many
worlds’ interpretation [15] or the ontological interpre-
tation [16] of quantum mechanics. In any case, the no-
tion of trajectory is recovered. In this sense, the above
results indicate that, for large values of time, the quan-
tum trajectory coincides with the corresponding clas-
sical trajectory with suitable initial conditions, while
near the origin these trajectories do not coincide. But,
our analogous model, with two fluids, reproduce the
quantum trajectory even in the vicinity of the origin,
keeping the asymptotical agreement untouched.

Since we have a classical analogous of the bounce
models determined through the Wheeler–DeWitt equa-
tion, we can investigate if the repulsive effect leading
to the avoidance of the singularity may spoil the stabil-
ity of the model. First of all we define what we under-
stand here by instability. A cosmological model is con-
sidered unstable if the perturbative variables diverge
when all background quantities are finite. Here, we
will consider a weaker condition: the model is unsta-
ble if the perturbed quantities takes very large values
in comparison with the background quantities, even
if they are not divergent. This is due to the fact that,
if this happens, the hypothesis of homogeneity and
isotropy, employed in the definition of the background,
are compromised.
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Let us consider our non-singular classical system. It
can be written as

Rµν = 8πG

[
M

T µν − 1

2
gµν

M

T

]

(39)− 8πG

[
Q

T µν − 1

2
gµν

Q

T

]
,

(40)
M

T
µν ;µ = 0,

(41)
Q

T
µν ;µ = 0.

We perturb these equations in the usual way, introduc-
ing the quantities

gµν = 0
gµν +hµν, ρM = 0

ρM +δρM,
ρQ = 0

ρQ +δρQ.
The computation of the perturbed equations is quite
standard [17], and we just present the final equations,
at linear level:

ḧ+ 2
ȧ

a
ḣ= 1

αM − αQ

×
[

− (1+ 3αM)

(
2
ä

a
+ (1+ 3αQ)

ȧ2

a2

)
∆M

(42)+ (1+ 3αQ)

(
2
ä

a
+ (1+ 3αM)

ȧ2

a2

)
∆Q

]
,

(43)∆̇M + (1+ αM)

(
Ψ − ḣ

2

)
= 0,

(44)

(1+ αM)

[
Ψ̇ + (2− 3αM)

ȧ

a
Ψ

]
− n2

a2
αM∆M = 0,

(45)∆̇Q + (1+ αQ)

(
θ − ḣ

2

)
= 0,

(46)(1+ αQ)

[
θ̇ + (2− 3αQ)

ȧ

a
θ

]
− n2

a2αQ∆Q = 0.

In these expressions, we have used the following def-
initions:h= hkk/a

2, ∆M = δρM/ρM , ∆Q = δρQ/δρ,
Ψ = δuiM , θ = δuiQ, whereδuiM andδuiQ are the per-
turbations on the four velocity of the normal and re-
pulsive fluid, respectively.

The perturbed equations presented above do not
seem to admit analytical solutions for the background
solutions (31)–(33). Hence, we are obliged to perform
a numerical integration. In Figs. 1, 2 and 3 we

Fig. 1. Behaviour of∆Q(t) for n= 0 with cosmological constant.

Fig. 2. Behaviour of∆Q(t) for n= 0 with a dust fluid.

Fig. 3. Behaviour of∆Q(t) for n= 0 with a radiative fluid.

display the evolution of density perturbations for the
exotic fluid for the cosmological constant, dust and
radiative cases, respectively, in the long wavelength
limit n→ 0. The other perturbed quantities exhibits
essentially the same features.
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From the numerical study performed we can ex-
pose the following conclusions. When the cosmolog-
ical constant is coupled to the repulsive fluid, the
bounce model is unstable. Approaching the minimum
of the scale factor (which in all three cases occurs in
the origin), the perturbations diverge. However, when
the dust or radiative fluid is coupled to the repulsive
fluid, the perturbations behave regularly during all the
evolution of the Universe. Hence, these models are
stable. The different behaviours for the cosmological
constant and the other cases may be easily understood.
Indeed, in [12] a stability study was performed for the
same repulsive fluid (represented there by a free scalar
field); the curvature was taken to be negative. Insta-
bilities were found in the absence of ordinary matter.
In the present cosmological constant case, as it hap-
pens also in [12], the perturbation of ordinary matter
decouples completely and the metric perturbation is
coupled only to the perturbation of the repulsive fluid.
In contrast, for the radiative and dust cases all per-
turbed variables are coupled. More important, in the
present cosmological constant case, and in the model
studied in [12], the energy conditions are violated dur-
ing all the evolution of the Universe, while for the dust
and radiative cases studied here, this violation occurs
only near the bounce. The violation of the energy con-
ditions leads to a repulsive gravity effect which con-
tributes to a very fast growing of perturbations. If it
occurs for all times, this lead to divergence.

In spite of the fact that we display the results for
n= 0 only, for other values ofn the features are very
similar. For very large values ofn, the perturbations
exhibit strong oscillations, and they become divergent
near the minimum of the scale factor for the cosmolog-
ical constant case. Of course, we have studied the sta-
bility of the classical analogous of the quantum model.
But, this study leads to some insights to what happens
in the original framework. Indeed, the considerations
made above about the expectation value of the scale
factor and the dispersion of the wavepacket permits to
take seriously the classical perturbative study as indi-
cation of the behaviour of the quantum model, mainly
if we take the point of view that in quantum cosmology
the notion of trajectory is essential. The only impor-
tant drawback concerns the fact that a complete quan-
tum perturbation should take into account excitations
of degrees of freedom that were frozen in the minisu-
perspace approach. Other important point is what we

mean by “near the bounce”, where instabilities may
appear. In fact, we consider it as the region where the
quantum effects are dominant and all energy condi-
tions are violated.

The main point of the present work is that the
quantum model, derived from the Wheeler–DeWitt
equation for gravity plus perfect fluid through the
Schutz’s formalism, has a classical analogous. In this
classical analogous system, the perfect fluid is coupled
to another perfect fluid, with a fixed equation of state
pQ = ρQ which appears with a “wrong” sign for the
gravitational coupling. The existence of this classical
analogous for all equations of state of the normal
fluid studied in this work, rises doubts about the true
quantum nature of the original quantum cosmological
scenario. It is not clear to us how to solve these
doubts for the moment. But, the existence of a classical
system reproducing different quantum models may
indicate that the quantization of a gravity system in
the minisuperspace may be not a real quantization and
a more careful analysis of this problem is deserved.

In the analysis performed previously, it has been
considered a specific superposition of the solutions of
the Wheeler–DeWitt equation. Since these solutions
are not square integrable, a superposition of them is
in fact a necessity in those models. It can be argued
that other types of superpositions are possible which
may not be in agreement with the classical analogous
treated here; all the richness of the original quantum
model would not be reproduced by the classical model.
However, the superposition procedure must agree with
physical requirements as, for example, the localization
of the wavepacket, what is the case of the preceding
examples. We may guess that other possible super-
positions, satisfying the same physical requirements,
will lead to essentially the same results. These com-
ments can also be applied to the question of the bound-
ary conditions. Perhaps, the choice of other boundary
conditions could lead to different scenarios. But, the
boundary conditions used here are motivated by phys-
ical requirements, like the regularity of the wavefunc-
tion and the self-adjointness of the Hamiltonian op-
erator. We may guess that any physically reasonable
boundary condition would lead to similar scenarios to
those presented here.

A perturbative study was performed in the classical
model. It can happens that a bounce model, where the
avoidance of the singularity is obtained through an
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anti-gravity phase, may not be a stable model. We have
verified that when the normal fluid decouples from
the other perturbed equations, in such a way that the
metric perturbation are coupled to the repulsive fluid
only, the background model is unstable. Otherwise, we
can obtain stable singularity-free models with an anti-
gravity phase.

We must stress that the classical analogous model
reveals that the “quantum effects” exhibit an anti-
gravity behaviour. That is, the singularity is avoided
with conditions much more stronger than the simple
violation of the strong energy condition, as it happens
in many others singularity-free models [18]. It must
also be emphasized that all considerations have been
done for a perfect fluid quantum model. It should be
important to verify if the correspondence found here
remains when gravity are coupled to matter fields.
In [19] the case of a free scalar field was analyzed.
However, a free scalar field is equivalent to stiff matter.
Consequently, the classical analogous (if still valid for
this case) would contain two kinds of stiff matter, an
attractive one and a repulsive one. Perhaps, the strange
behaviour found in [19], with the quantum phase being
recovered for large values of the scale factor, is due to
this fact. This specific case deserves to be analyzed
carefully.

Acknowledgements

We have benefited of many enlightfull discussions
with N. Pinto-Neto and Nivaldo Lemos. A.B.B., J.C.F.
and S.V.B.G. thank CNPq (Brazil) for financial sup-
port. J.T. thanks CAPES (Brazil) for financial support

and the Department of Physics of the Universidade
Federal do Espírito Santo for hospitality.

References

[1] J.A. Halliwell, in: S. Coleman, J.B. Hartle, T. Piran, S. Wein-
berg (Eds.), Quantum Cosmology and Baby Universes, World
Scientific, Singapore, 1991.

[2] N. Pinto Neto, in: M. Novello (Ed.), Cosmology and Gravita-
tion II, 1996, p. 229.

[3] C.J. Isham, gr-qc/9210011.
[4] B.F. Schutz, Phys. Rev. D 2 (1970) 2762;

B.F. Schutz, Phys. Rev. D 4 (1971) 3559.
[5] N.A. Lemos, J. Math. Phys. 37 (1996) 1449.
[6] F.G. Alvarenga, N.A. Lemos, Gen. Rel. Grav. 30 (1998) 681.
[7] M.J. Gotay, J. Demaret, Phys. Rev. D 28 (1983) 2402.
[8] J. Acacio de Barros, N. Pinto-Neto, M.A. Sagioro-Leal, Phys.

Lett. A 241 (1998) 229.
[9] V.G. Lapchinskii, V.A. Rubakov, Theor. Math. Phys. 33 (1977)

1076.
[10] F.G. Alvarenga, N.A. Lemos, Gen. Rel. Grav. 31 (1999) 1743.
[11] I.S. Gradshteyn, I.M. Rizhik, Tables of Integrals, Series and

Products, Academic Press, New York, 1980.
[12] A.B. Batista, J.C. Fabris, S.V.B. Gonçalves, gr-qc/0009040, to

appear in Class. Quantum Grav.
[13] C. Cohen-Tannoudji, B. Diu, F. Laloë, Quantum Mechanics,

Vol. 1, Wiley, 1977.
[14] A. Messiah, Quantum Mechanics, Vol. 1, North-Holland, Am-

sterdam, 1961.
[15] F.J. Tipler, Phys. Rep. 137 (1986) 231.
[16] P.R. Holland, The Quantum Theory of Motion, Cambridge

University Press, Cambridge, 1993.
[17] S. Weinberg, Gravitation and Cosmology, Wiley, New York,

1972.
[18] C.P. Constantinidis, J.C. Fabris, R.G. Furtado, M. Picco, Phys.

Rev. D 61 (2000) 043503.
[19] R. Colistete Jr., J.C. Fabris, N. Pinto Neto, Phys. Rev. D 57

(1998) 4707.



14 September 2000

Ž .Physics Letters B 489 2000 203–206
www.elsevier.nlrlocaternpe

Gravity and antigravity in a brane world
with metastable gravitons

Ruth Gregory a, Valery A. Rubakov b, Sergei M. Sibiryakov b

a Centre for Particle Theory, Durham UniÕersity, South Road, Durham, DH1 3LE, UK
b Institute for Nuclear Research of the Russian Academy of Sciences, 60th October AnniÕersary prospect, 7a, Moscow 117312, Russia

Received 26 July 2000; accepted 11 August 2000
Editor: P.V. Landshoff

Abstract

In the framework of a five-dimensional three-brane model with quasi-localized gravitons we evaluate metric perturba-
tions induced on the positive tension brane by matter residing thereon. We find that at intermediate distances, the effective
four-dimensional theory coincides, up to small corrections, with General Relativity. This is in accord with Csaki, Erlich and
Hollowood and in contrast to Dvali, Gabadadze and Porrati. We show, however, that at ultra-large distances this effective
four-dimensional theory becomes dramatically different: conventional tensor gravity changes into scalar anti-gravity. q 2000
Published by Elsevier Science B.V.

w xThe papers by Dvali, Gabadadze and Porrati, 1 ,
w xand Csaki, Erlich and Hollowood, 2 , address the

issue of whether four-dimensional gravity is phe-
nomenologically acceptable in a class of brane mod-
els with infinite extra dimensions in which the five-
dimensional gravitons have a metastable ‘bound
state’, rather than a genuine zero mode. A model of

w xthis sort has been proposed in Refs. 3,4 and is a
Ž .variation of the Randall–Sundrum RS scenario for

w xa non-compact fifth dimension 5 . The construction
with metastable gravitons has been put in a more

w xgeneral setting in Refs. 1,6 . It has been argued in
w xRef. 1 that models with metastable gravitons are

not viable: from the four-dimensional point of view,
gravitons are effectively massive and hence appear

w xto suffer from a van Dam–Veltman–Zakharov 7

Ž .E-mail address: r.h.w.gregory@durham.ac.uk R. Gregory .

discontinuity in the propagator in the massless limit.
w xIn particular, it has been claimed 1 that the predic-

tion for the deflection of light by massive bodies
would be considerably different from that of General
Relativity. The issue has recently been analyzed in

w xmore detail in Ref. 2 , where explicit calculations of
four dimensional gravity have been performed along

w xthe lines of Garriga and Tanaka 8 , and Giddings,
w xKatz and Randall 9 . The outcome of that analysis is

that four-dimensional gravity has been claimed to be
in fact Einsteinian, despite the peculiarity of appar-
ently massive gravitons.

In this letter we also apply the Garriga–Tanaka
Ž .GT technique to obtain effective four-dimensional
gravity at the linearized level, considering as an

w xexample the model of Refs. 3,4 . We find that at
Žintermediate distances which should extend from

microscopic to very large scales in a phenomenologi-
.cally acceptable model four dimensional gravity is

0370-2693r00r$ - see front matter q 2000 Published by Elsevier Science B.V.
Ž .PII: S0370-2693 00 00917-5
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w xindeed Einsteinian, in accord with Ref. 2 and in
w xcontrast to Ref. 1 . However, at ultra-large scales we

find a new phenomenon: four-dimensional gravity
changes dramatically, becoming scalar anti-graÕity
rather than tensor gravity. This may or may not
signal an internal inconsistency of the models under
discussion.

w xTo recapitulate, the set up of Refs. 3,4 is as
follows. The model has five dimensions and contains
one brane with tension s)0 and two branes with
equal tensions ysr2 placed at equal distances to
the right and to the left of the positive tension brane
in the fifth direction. There is a reflection symmetry,
z™yz, which enables one to consider explicitly
only the region to the right of the positive tension

Ž .brane hereafter z denotes the fifth coordinate . Con-
ventional matter resides on the central positive ten-
sion brane. The bulk cosmological constant between
the branes, L, is negative, whereas it is equal to zero
to the right of the negative tension brane. With
appropriately tuned L, there exists a solution to the
five-dimensional Einstein equations for which both
positive and negative tension branes are at rest at
zs0 and zsz respectively, z being an arbitraryc c

constant. The metric of this solution is

ds2 sa2 z h dx mdxn ydz 2 1Ž . Ž .mn

where

eyk z , 0-z-zc
a z s 2Ž . Ž .yk z½ ce 'a , z)zy c

The constant k is related to s and L. The four-di-
mensional hypersurfaces zsconst. are flat, the
five-dimensional space-time is flat to the right of the
negative-tension brane and anti-de Sitter between the
branes. The spacetime to the left of the positive
tension brane is a mirror image of this set-up.

This background has two different length scales,
ky1 and

r sky1e3k zc 3Ž .c

These are assumed to be well separated, r 4ky1. Itc
w xhas been argued in Ref. 4 that the extra dimension

‘opens up’ both at short distances, r<ky1 and
ultra-long ones, r4r .c

To find the four-dimensional gravity experienced
by matter residing on the positive tension brane, we

Ž .follow GT and consider a Gaussian–Normal GN
gauge

g sy1 g s0 4Ž .z z zm

In the bulk, one can further restrict the gauge to be
Ž .transverse-tracefree TTF

h m sh m s0 5Ž .m n ,m

Hereafter h are metric perturbations; indices aremn

raised and lowered by the four-dimensional
Minkowski metric. The linearized Einstein equations
in the bulk take one and the same simple form for all
components of h ,mn

1° XX Ž .2 4h y4k hy I hs0, 0-z-zc2a~
1

XX Ž .4h y I hs0, z)zc2¢ ay

6Ž .

It is convenient, however, to formulate the junction
conditions on the positive tension brane in the local
GN frame. In this frame, metric perturbations hmn

are not transverse-tracefree, so the two sets of pertur-
bations are related in the bulk between the two
branes by a five-dimensional gauge transformation

Ž .preserving 4 ,

1
5 2 5 2ˆ ˆh sh q j y2ka h j qa j qjŽ .mn mn ,mn mn m ,n n ,mk

7Ž .

ˆ5Ž . Ž .where j x and j x are the gauge parameters.m

Notice that if j 5 is not zero, there is a ‘shift’ in the
location of the wall relative to an observer at infinity,

Ži.e. the wall appears bent to such an observer as
w x.discussed in 8,9 . Physically, this simply repre-

sents the fact that the wall GN frame is construc-
ted by integrating normal geodesics from the wall,
and in the presence of matter these geodesics will
be distorted, thereby altering the proper distance
between the wall and infinity. In fact, one finds
a similar ‘bending’ of the equatorial plane in the
Schwarzschild spacetime if one tries to impose a
local GN frame away from the horizon.
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In the presence of additional matter on the posi-
tive tension brane with energy momentum T , themn

junction conditions on this brane read

X 1 lh q2kh s8p G T y h T 8Ž .Ž .mn mn 5 mn mn l3

where G is the five-dimensional gravitational con-5
Ž . Ž .stant. The solution to Eqs. 5 – 8 has been obtained

ˆ5by Garriga and Tanaka. They found that j obeys

4p
Ž4. 5 lˆ

I j sy G T 9Ž .5 l3

We will need the expression for the induced metric
on the positive tension brane. Up to terms that can be

w xgauged away on this brane, the induced metric is 8

Žm. 5ˆh zs0 sh y2kh j 10Ž . Ž .mn mn mn

where

hŽm.s16p G dxX GŽ5. x , xX ; zszX s0Ž .Hmn 5 R

= 1 XlT y h T x 11Ž . Ž .Ž .mn mn l3

Ž5. Ž .Here G is the retarded Green’s function of Eq. 6R
Ž .with appropriate source-free junction conditions on

the two branes. This Green’s function is mirror-sym-
metric and obeys

1
Ž .2 2 4E y4k u z yz y I q4kd zŽ . Ž .z c 2a

X XŽ .5y2kd zyz G x , x ; z , zŽ . Ž .c R

sd xyxX
d zyzX 12Ž . Ž . Ž .

Let us consider the case of the static source first.
w x y1It has been found in Ref. 4 that for k <r<r ,c

the leading behavior of the static Green’s function
Ž Ž5.Ž X ..given by H dt G zsz s0 is the same as in theR

Ž .RS model up to small corrections , and corresponds
to a 1rr potential. Hence, at intermediate distances
the analysis is identical to GT, and the induced
metric is the same as in the linearized four-dimen-
sional General Relativity. This is in accord with Ref.
w x2 .

w xOn the other hand, it follows from Ref. 4 that at
Ž .ultra-large distances, r4r , the contribution 11c

2 Ž .behaves like 1rr the fifth dimension ‘opens up’ .
Ž .There remains, however, the second term in Eq. 10 .

Ž .Since Eq. 9 has a four-dimensional form, this term

Ž w x.gives rise to a 1rr potential missed in Ref. 4
even at ultra-large distances. For a point-like static
source of unit mass, the corresponding gravitational
potential is

1
1 1V r ' h r sq G 13Ž . Ž . Ž .00 42 3 r

where G skG is the four-dimensional Newton’s4 5

constant entering also into the conventional Newton’s
law at intermediate distances. We see that at r4r ,c

four-dimensional gravity is induced by the trace of
energy-momentum tensor and has a repulsive 1rr
potential. At ultra-large distances tensor gravity
changes to scalar anti-gravity.

Likewise, the four-dimensional gravitational
waves emitted by non-static sources are conventional
tensor ones at intermediate distances and transform

Žinto scalar waves at ultra-large distances the rele-
vant distance scale being different from r due toc

w x.relativistic effects, see Ref. 4 . Indeed, the first
Ž . w xterm in Eq. 10 dissipates 4 , whereas the second

term survives, again due to the four-dimensional
Ž .structure of Eq. 9 .

These two cases illustrate the general property of
Ž .Eq. 10 : the first term becomes irrelevant at ultra-

Žlarge distances the physical reason being the
metastability of the five-dimensional graviton bound

. Žstate , so the four-dimensional gravity in effect,
.anti-gravity is entirely due to the second, scalar

term.
This bizarre feature of models with a metastable

graviton bound state obviously deserves further in-
vestigation. In particular, it will be interesting to
identify the four-dimensional massless scalar mode,
which is present at ultra-large distances, among the
free sourceless perturbations. This mode is unlikely

w xto be the radion 10,11 , studied in this model in Ref.
w x3 : the radion would show up at intermediate dis-
tances, as well as at ultra-large ones1; furthermore,

w xthe experience 13 with models where the distance
w xbetween the branes is stabilized 14 suggests that the

1 The radion presumably couples exponentially weakly to the
w xmatter on the positive tension brane, as it does 3,8 in the

w xtwo-brane model of Randall and Sundrum 12 . This may be the
reason why the radion effects have not been revealed by the

w xanalyses made in Ref. 2 and this note.
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ˆ5massless four-dimensional mode parametrized by j

exists even if the radion is made massive.
More importantly, one would like to understand

whether anti-gravity at ultra-large distances is a sig-
nal of an intrinsic inconsistency of this class of
models, or simply a signal that physics is intrinsi-
cally five-dimensional at these scales. In four dimen-
sions, scalar antigravity requires either negative ki-
netic and gradient energy or a ghost. Whether or not
a similar feature is inherent in models with extra
dimensions remains an open question. If it is, there
still would remain a possibility that fields with nega-
tive energy might be acceptable, as their effect might
show up at ultra-large distances only.

We note finally, that anti-gravity may not be a
special feature of models with quasi-localized gravi-
tons. It is also possible that this phenomenon may be
present in models of the type suggested by Kogan et.

w xal. 15 , where some Kaluza–Klein graviton excita-
tions are extremely light. The same question about
internal consistency then would apply to these mod-
els as well.
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Abstract. The ac response of type-II superconductors to an alternating magnetic field is
numerically studied on the basis of the time-dependent Ginzburg–Landau equations. We examine
the temperature dependence of the ac susceptibility associated with a small ac magnetic field
in the absence of a bias dc field. It is shown that with increasing temperature the in-phase
component of the fundamental susceptibility exhibits a step-like change from a negative constant
value to zero, while the out-of-phase component of the fundamental susceptibility and the third-
harmonic component have a peak at a certain temperature near the superconducting transition
temperature. These results are in qualitative agreement with those of recent experiments on
high-Tc superconductors.

Magnetization measurements using alternating fields have been widely employed in the
study of type-II superconductors [1]. This is because in these experiments the effective
time window can be easily changed by varying the frequency of the applied ac field.
Thus, the study of the ac magnetic response of type-II superconductors provides direct
information on flux dynamics in these materials. Recently, several authors have measured
the ac susceptibility in high-Tc materials as functions of various physical parameters such
as temperature, and the frequency and amplitude of the applied ac field [2–5].

Various models have been proposed to explain experimental data for the ac susceptibility
of type-II superconductors, and especially of high-Tc materials [6–12]. Although these
models have partially succeeded in explaining the ac magnetic response of type-II
superconductors, they are at rather macroscopic and/or phenomenological levels, and thus
are still incomplete. In this letter, to complement the previous study, we attack the above
problem by using a different type of approach, that is, the numerical approach of the
time-dependent Ginzburg–Landau (TDGL) equations [13, 14]. The main advantage offered
by this computer simulation study is the ability to visualize the dynamical processes of
magnetization and thus to directly obtain information on the dynamics of the magnetic flux
structure without making any of thead hocelectrodynamical assumptions used in previous
models (e.g., the field dependence of the critical current in the critical state model). Here,
performing numerical calculation of the TDGL equations, we examine the ac magnetic
response of type-II superconductors to a small alternating magnetic field in the absence
of the steady bias field. In particular, we discuss the temperature dependence of the ac
susceptibility with the amplitude and frequency of the ac field being fixed.

The TDGL equations are composed of two partial differential ones for the complex
order parameterψ(r, t) and the vector potentialA(r, t) at time t and positionr [13–15]:

h̄2

2mD

(
∂

∂t
+ i
eφ

h̄

)
ψ = − δF

δψ∗ + f (r, t) (1)

0953-8984/96/330445+09$19.50c© 1996 IOP Publishing Ltd L445



L446 Letter to the Editor

Figure 1. Time variation of the magnetizationM(t) for T/Tc = 0.8, 0.91, 0.93, and 0.97.

σ

(
1

c

∂A

∂t
+ ∇φ

)
= − δF

δA
(2)

with the covariant time derivative(∂/∂t + ieφ/h̄) and a scalar potentialφ, whereψ∗

denotes the complex conjugate ofψ . These equations are invariant under the local U(1)
gauge transformation forψ,A, andφ. Here,D andσ are the diffusion constant and the
conductivity, associated with the normal phase, respectively, and they have the relation [16]

σ = c2ξ2

48πλ2

1

D
(3)

with the coherence lengthξ and the magnetic penetration depthλ. The last term of the
r.h.s. of equation (1),f (r, t), denotes the thermal noise with zero mean, i.e.〈〈f 〉〉 = 0, and
the correlation

〈〈f ∗(r′, t ′)f (r, t)〉〉 = 12ξ−4
0 t0kBT

(
Hc(0)2

8π

)−1

δ(r′ − r)δ(t ′ − t) (4)
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Figure 2. Temperature dependences ofχ ′
1, χ

′′
1 , andV3.

where〈〈· · ·〉〉 denotes the ensemble average,ξ0 is the coherence length at zero temperature,
andt0 ≡ πh̄/(96kBTc) with the superconducting transition temperatureTc at zero field. The
Ginzburg–Landau (GL) free-energy functionalF [ψ,A] is given by

F =
∫

dr

[
1

2m
|Dψ |2 + α(T )|ψ |2 + β

2
|ψ |4 + 1

8π
(∇ × A)2

]
(5)

with the covariant derivativeD ≡ −i∇ − (e/c)A and the local magnetic flux density
b(r, t) ≡ ∇ × A. Under the assumption thatα(T ) = α(0)(T /Tc − 1), and α(0) and
β are positive constants in equation (5), the upper and lower critical fields are given by
Hc2(T )/Hc2(0) = 1 − T/Tc andHc1(T )/Hc2(0) = (ln κ/(2κ2))(1 − T/Tc), respectively,
with the GL parameterκ. The other notation is conventional [16]. These equations are
supplemented with boundary conditions,Dψ |n = 0 and∇ × A|s = He, where the index
n denotes the normal direction on the sample boundary and the index s denotes the sample
boundary with an applied magnetic fieldHe.

We here consider a type-II superconductor in thex–y plane with a sizeLx × Ly . The
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Figure 3. See facing page.
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Figure 3. (Continued) Time variations of profiles of thez-component of the local magnetic flux
density,bz, in units ofHc2(0) along thex-axis aty = 32ξ0 for T/Tc = 0.8 (a), 0.91 (b), and
0.97 (c). Time goes from the left-hand column to the right-hand one for one cycle of the ac
field.

sample is assumed to be infinite in thez-direction, and the problem is reduced to two
dimensions neglecting all derivatives alongz. The external ac magnetic field is applied to
the sample asHe = H(t)ẑ with H(t) = Hac sinωt whereHac andω denote the amplitude
and angular frequency of the ac field, respectively, andẑ is the unit vector along thez-axis.
In actual simulations the TDGL equations are transformed into the dimensionless discretized
equations on a two-dimensional lattice by introducing link variables for the vector potential
and the gauge fixing such that the scalar potential is set to zero. Since these procedures are
the same as those in references [13, 14], we will not discuss the numerical procedures any
further.

In the following simulations, we setLx = Ly = 64ξ0 andκ = 2. The amplitude and
frequency of the ac field are fixed to beHac = 0.05Hc2(0) andωt0/2π = 0.25× 10−3 (that
is, the period of the ac field is 4000t0), respectively. We also take the lattice spacing and
time step for numerical calculations to be 0.5ξ0 and 0.0125t0, respectively. These values
are chosen for the computational reason of obtaining efficient results within our computer
availability. As the initial state we choose the zero-field-cooling state.

In figure 1 the magnetization,M(t), of the sample is plotted against time for various
values of temperature. The magnetizationM(t) is defined as 4πM(t) = 〈B〉(t) − H(t),
where the magnetic induction〈B〉(t) is obtained from the sample average of thez-
component,bz(r, t), of the local magnetic flux densityb(r, t). At T = 0.8Tc, the
magnetization is sinusoidal in nature, according to the external ac fieldHac sinωt . With
increasing temperature, the magnetization deviates from the sinusoidal character with a
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decrease of its magnitude, and simultaneously a phase-shift phenomenon occurs in thet–
M(t) curve. Further increase of temperature results in the large degree of phase shift.
Indeed, atT = 0.97Tc, the magnetization becomes almost zero at times when the applied
ac field is maximum (minimum). Note that even for no bulk pinning case, the phase-shift
phenomena take place due to the sample boundary effect, as has been discussed in our
previous work [17].

To give details of the ac magnetic response of the system, we study the ac susceptibility
defined by the Fourier transformation of the magnetizationM(t):

M(t) = Hac

∞∑
n=1

(χ ′
n sinnωt − χ ′′

n cosnωt) (6)

whereχ ′
n andχ ′′

n (n = 1, 2, . . .) denote the in-phase and out-of-phase components of the
nth-harmonic susceptibility, respectively, with thenth harmonicsVn ≡ √

χ ′2
n + χ ′′2

n . In
calculating the ac susceptibility, simulation data during the first period have been discarded
to avoid transient effects. In the present case we have numerically checked that only
odd harmonics are generated [8]. In figure 2,χ ′

1, χ
′′
1 , andV3 are plotted as functions of

temperature; they have been often measured experimentally. It is shown that with increasing
temperature,χ ′

1 exhibits a step-like change from a negative constant value(=−1/(4π)
theoretically [6]) to zero, whileχ ′′

1 initially rises from zero, goes through a maximum at
0.91Tc (called the peak temperature, denoted byTp), and then returns to a small value near
Tc. Note thatHc1(Tp) ' 0.008< Hac = 0.05< Hc2(Tp) = 0.09 for Tp = 0.91Tc in units
of Hc2(0). The third harmonicV3 is also found to have a similar temperature dependence
to χ ′′

1 with the peak temperatureTp = 0.93Tc. These results are qualitatively consistent
with those of recent experiments on high-Tc superconductors [2–5]. At present it is unclear
whether the slight difference between the peak temperature estimated fromχ ′′

1 and that from
V3 is physically meaningful or not.

Now we relate the above macroscopic behaviour of the system to the spatio-temporal
structure of the local magnetic flux. In figures 3(a)–3(c) the time evolution of the profile of
the local magnetic flux densitybz along thex-axis is shown aty = 32ξ0 for a complete cycle
of the ac field forT/Tc = 0.8 (a), 0.91 (b), and 0.97 (c), respectively. In figure 4 the time
evolution of the profile of they-component of the current density is shown along thex-axis
at y = 32ξ0 for T = 0.91Tc during one half of the period of the ac field, as well asbz. The
current density is given by(c/4π)∇×∇×A in units ofj0 ≡ cHc2(0)/(4πξ0). No definite
magnetic vortex structures are observed in figures 3(a)–3(c). It is also found that the step in
χ ′

1 is due to the transition from near-perfect screening (figure 3(a)) to complete penetration
(〈B〉(t) ' H(t)) of the ac field impinging into the whole sample (figure 3(c)). Moreover, we
have numerically checked that the smallest temperature at which penetrating magnetic flux
(current) reaches to the centre of the sample is 0.90Tc in the present case. Thus, the peak in
χ ′′

1 (and maybe the peak inV3) corresponds to the first penetration of the flux (current) to
the centre of the sample (figure 3(b) and figure 4). Although such an interpretation has been
already proposed by several authors [7, 9, 10], this is the first simulation study to discuss
the ac magnetic response of type-II superconductors from the point of view of the local
magnetic flux dynamics without making any of thead hocelectrodynamical assumptions
used in previous models. Finally, we remark that the magnetic relaxation phenomenon
can be seen in figure 3(b) and figure 4. Indeed, even when the external field changes
to a decreasing stage from the initial ramp-up phase, the magnetic flux near the centre
of the sample still increases for a while. An importance of this relaxation behaviour has
recently been pointed out as one of possible causes for the frequency dependence of the
ac susceptibility [3, 12]. Such magnetic relaxation effects on the ac susceptibility will be
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Figure 4. Time variations of profiles of they-component of the current density (dashed lines)
in units of j0 = cHc2(0)/(4πξ0) along thex-axis aty = 32ξ0 for T/Tc = 0.91 during one half
of the period of the ac field. Profiles ofbz are also shown for comparison, as solid lines.
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discussed elsewhere.
In conclusion, we have studied the ac magnetic response of type-II superconductors to

the alternating magnetic field on the basis of numerical calculation of the TDGL equations.
In particular, the temperature dependence of the ac susceptibility in the absence of the dc
field with the amplitude and frequency of the ac field being fixed has been discussed. We
have found a step-like change inχ ′

1, and a peak inχ ′′
1 and also in the third harmonicV3

at a certain temperature nearTc. These results are in qualitative agreement with recent
experimental data on high-Tc superconductors. Moreover, we have briefly discussed the
relationship between these macroscopic behaviours of the system and the spatio-temporal
behaviour of the local magnetic flux.

However, we should mention that there can be a big distance between simulations and
experiments. This is because there are the following faults in the present model. Firstly, in
real systems the ac response is strongly affected by pinning and thermal fluctuations, which
are not in the model. Secondly, we have neglected thez-dependence of the problem. The
present results, therefore, apply only to films, not bulk materials where the entanglement of
flux lines may be important. These points will be discussed in future work.

Nevertheless, the present approach based on computer simulations of TDGL equations
has been found to be potentially rich for throwing novel light on the problem studied here.
For instance, the present model is applicable for discussing the validity of assumptions
used in macroscopic and/or phenomenological models. Since the present study is still in a
primitive stage, detailed simulations are now under way to allow discussion of a quantitative
comparison of simulation results with theoretical results and experimental data obtained by
not only the ac method but also the Hall probe method [18]. Moreover, many interesting
problems still remain open, such as the dependence of the ac response on various physical
parameters (e.g., the amplitude and frequency of the ac field, the dc field, bulk pinning
and the sample geometry), and also the universal behaviour of the ac susceptibility. These
problems are also now under consideration.

The authors are grateful to Professor S Maekawa for a number of valuable discussions.
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ABSTRACT

Driven by the knowledge that mass-ejection from
a rocket engine is a major drawback in the
exploration of space, investigations of fringe effects
(or abnormalities) in known science and dealing with
mass reduction was undertaken. This research, then
examines the possible connection between gravity
and electro-magnetic affects on the Type II, YBCO
superconductor, as reported by the Russian scientist,
Eugene Podkletnov. It is suggested that the quantum
fluctuations of the electrons across the multitude of
superconductor grain boundaries in a properly
prepared Type II; superconductors may produce a
measurable force on the vacuum that could counteract
the effect of gravity, an acceleratory force. Within
known physicists, the driving phenomena appears to
relate to both the Maxwell Stress Tensor as derived
by Oliver Heaviside and Woodward's transient mass
theory. As a means of improving this understanding,
a simplified laboratory experiment has been
constructed using a modified-automated commercial
Cavendish balance. The larger lead masses used in
this balance was replaced by a system to EM
modulate a superconductor. Tests results were
inconclusive because at both room temperature and at
liquid nitrogen temperatures the application of the
electromagnetic (EM) or rf energy resulted in an
upward climb in the data.
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INTRODUCTION

Engineers working in the aerospace fields
dealing with rocket engine technology quickly learn
that mass-ejection is a major drawback in the
exploration of space. Using current rocket technology
a trip to the next star would easy consume the mass-
energy equivalent of a planet in order to arrive within
a reasonable lifetime with reasonable hardware and
expendables for the journey. Technologies like
nuclear fission and fusion offer some hope, but still
will not support the "Star Trek" vision of space
exploration. Therefore, the NASA Propulsion
Research Center at the Marshall Space Flight Center
in response to the propulsion challenges specified by
the NASA Breakthrough Propulsion Physics (BPP)**
project, specially to investigations fringe effects or
abnormalities in known science and dealing with
mass reduction, proposed to explore the recently
report observation of anomalous gravitation behavior
in experiments using high temperature
superconductor.

The thesis of this research is to see if there is a
possibility to circumvent the rocket equation without
violating physical laws and to produce valid
experimental data that can be used to show credible
validation of these effects. The intend here is then to
examining the possible connection between gravity
and electro-magnetic affects on the Type II, YBCO
superconductor, as reported by the Russian scientist,
Eugene Podkletnov and provide a rigorous,
independent, empirical conformation (or refutation)
of the effect.

It has been suggested that the quantum
fluctuations (or electromagnetic nature) of the
electrons across the multitude of small
superconductor grains, called Josephson junctions, in
properly prepared sintered Type II, superconductors

** Lead by the NASA Glen Research Center

1
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may produce a measurable force on the vacuum (i.e.,
space vacuum) that could counteract the acceleratory
force of gravity.

The experiment that was proposed utilizes a
commercially available torsion balance called a
Cavendish balance, which is commonly used by
physics students to measure the value of the
gravitational constant. The extent of the experiment
is not to measure the gravitational constant, but to
measure the change in the dynamic angle induced on
a torsion beam as a result of the attraction between
the beam masses and external test masses (i.e.,
superconductor). In theory, the values of the
calculated dynamic angles between two tests should
be different if the masses are of different weight
values. Assuming that the characteristics of the
balance do not change between tests, the difference
between the two dynamic angles can be used to
correlate the mass change. Whereby, if a change is
detected between a superconductor and an electro-
magnetically radiated superconductor, one can
deduce that there is a possibility that an interaction
with the vacuum had occurred.

The research conducted here is but a first step in
the possible application of a theory into an applicable
engineering space drive model, which can then be
used to design a purely massless propulsion system
for interplanetary applications.

A successful or null test would however, not
indicate the full benefit of the phenomena nor that it
is truly a physical effect. Whereby, further testing
would need to be conducted to validate the results
and to devise the true nature and applicability to a
space propulsion system.

BACKGROUND

A number of anomalous gravitational effects (or
acceleratory forces) have been reported in the
scientific literature during recent years, but there has
been no independent confirmation with regard to any
of these claims. One such experiments was reported
by the Russian scientist, Eugene Podkletnov, in which
he reported anomalous weight loss (0.05—2.1%) for a
variety of test masses suspended above a rotating
YBCO#, type-II superconductor.11'21 Further
experiments using simplified apparatus without
rotation have reported transients of up to 5% weight
loss.[3'4] Still, a great deal of skepticism continues to
be expressed, mainly due to uncertainties associated
with experimental technique. Other researchers, for
example, have yet to duplicate Podkletnov's rotating

* Yttrium, Barium, Copper, and Oxygen.

disk experiments and obtained null results in a set of
simplified experiments using a stationary disk.151

The technical goal was then to critically test this
revolutionary physical claim and provide a rigorous,
independent, empirical confirmation (or refutation) of
anomalous effects related to the manipulation of
gravity by rf-pumped magnetized type-II
superconductors. Because the current empirical
evidence for gravity modification is anecdotal, our
objective was to design, construct, and meticulously
implement a discriminating experiment, which would
put these observations on a more firm footing within
the scientific community. Our approach is unique in
that we advocate the construction of an extremely
sensitive torsion balance with which to measure
gravity modification effects by rf-pumped type-II
superconductor test masses.

Three competing theoretical explanations have
been proposed to explain these gravitational
anomalies: (1) gravity shielding,11'21 (2) absorption via
coupling to a Bose condensate,[3'4] and (3) a gravito-
magnetic force.[5"9' 18] To date, however, there has
been no definitive corroboration between any of these
theories and empirical observations. Therefore, it is
clear that carefully designed and meticulously
executed experiments are needed to explore these
anomalies and to convincingly demonstrate the
alleged effects. However, validation of a new theory
is in itself a long and mischievous task. This is more
so when you have to consider the nature of electrons
at the atomic scale.

In light of the granular nature of a sintered
YBCO superconductor disk, one can address the
much larger grain interfaces in more macroscopic
terms using electric-potentials, displacement currents,
and magnetic fields. This is due to the Josephson
junction effect at the interface, which is somewhat
like an AC capacitor.

A search of the literature has produced several
experiments using capacitors to interact with the
vacuum to cause a force; 1) the Trouton and Noble
(T-N) experiment1211, 2) the Biefield-Brown (B-B)
experiment^01, 3) the Graham and Lahoz (Heaviside)
experiment^201, and 4) the Woodward (Transient
Mass) experiment^71.

ENGINEERING APPLICATION OF
QUANTUM VACUUM

As aerospace engineers we deal more with the
technology development of machines that have
proven to work within the physical boundaries of
known physical laws, which govern the rocket
equations. Speculative theories can only lead to

American Institute of Aeronautics and Astronautics
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misunderstanding and lost paths. Therefore, space
propulsive systems are designed to overcome
gravitational forces by the application of time varying
the mass of a vehicle, i.e., the exhausting of onboard
mass at high velocities. What seems to be lost in this
rational is that as the propellant becomes smaller with
higher and higher exhaust velocities, as in the case of
a laser or photon drive, the mass approaches a more
quantum state. The logical next step would then be to
connect propulsion to the quantum vacuum through
acceleratory forces, i.e., gravity.

Long ago internationally renowned physicists
hypothesized that gravity is an induced effect
associated with zero point fluctuations (ZPF) of the
quantum vacuum.[13"14] Zeldovich first suggested that
gravitational interactions could lead to a small
disturbance in the non-zero quantum fluctuations of
the vacuum and thus give rise to a finite value of
Einstein's cosmological constant.[13] Sakharov later
derived a value for Newton's gravitational constant
G using frequency a> as the only free parameter.[14]

(1)
where c is the speed of light and h is the Plank
constant. The integral is carried out over all
frequencies using the Plank frequency on observable
electromagnetic phenomena (cop ~ 10~33 cm) as a
cutoff value.

Using this hypothesis as a basis, Puthoff has
further extended Sakharov' s condition in a
relativistically consistent manner.115^ As a result of
this work, it is possible to envision the attractive force
of gravity in terms of the radiative interaction
between oscillating charges. That is, the zero point
field applied to subatomic particles. From this
standpoint, it is plausible that MHz frequency
irradiation of superconductors rich in Josephson
junction sites, as occurred in Podkletnov's
experiments, could lead to a gravity modification
effect through quantum ZPF interaction.

Scientific evidence continues to mount in favor
of a frequency dependent interpretation of gravity as
an induced effect associated with the zero point
fluctuations of the vacuum. Accelerating theoretical
progress combined with the anomalous gravity
modification effects observed in experiments with
irradiated Type II superconductors leads one to
strongly suspect a deep physical connection.

THE PODKLETNOV EXPERIMENTS

Podkletnov's gravity modification experiments
were conducted in the early 1990's. Nevertheless,

skepticism persists, especially since the experiments
have not been adequately documented and repeated.
Podkletnov reports the use of fairly large
superconductor disks, 10 and 12 inches in diameter
and approximately 1A inches thick, which were
magnetically levitated and magnetically rotated in the
presence of an rf electromagnetic field. Samples
placed over the rotating disk initially demonstrated a
weight loss of 0.2-0.5%. When the rotation speed
was slowly reduced, the shielding effect became
considerably higher and reached a maximum
reduction of 1.9-2.1%.

Of what is known of the YBCO superconductor
disk used in these experiments, it seems certain that a
large number of superconductor-oxide Josephson
junctions exist within the disk. These types of
Josephson junctions, when conversed by an ac
current, emit electromagnetic waves in the rf
frequency range, and when radiated at rf frequencies,
generate an ac current. In a general sense, Josephson
junctions are very small capacitors with the electrodes
composed of superconductor material and the
dielectric composed of an oxide layer.[12] The
junction is modeled as shown in figure 1, where the
superconductors (SC) are small sintered grains
(noting that one or both of the grains could be a
normal conductor), rf is the rf energy applied, JJ is
the Josephson junction site, and / is the induced or
applied current.

SC tf

Figure 1. SC Josephson Junction Model.

A superconductor with a structure of sintered
grains would have many flux pinning sites around
which Josephson junction sites exist. Flux pinning is
a well-known phenomenon associated with type-II
superconductors (like YBCO) where magnetic flux
penetrates the superconductor and is held in place by
self-generated super-currents. Flux pinning results
from any spatial inhomogeneity of the material, such
as impurities, grain boundaries, voids, etc. where the
magnetic flux can become trapped. To be most
effective, these inhomogeneities must be on the scale
of the order of the penetration depth or the coherence
length, i.e. -10.6 to 10.5 cm, rather than on the
atomic scale where inhomogeneity causes electronic
scattering which limits the mean free path.[12]

American Institute of Aeronautics and Astronautics
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The Josephson junction sites at the grain
boundaries would generally not produce flux pinning
due to the resistive nature of the boundary. The
exceptions might be under very high static magnetic
field conditions. Radiation of the sites with rf energy
would allow current flows, but could cause the flux to
vibrate and jump from one site to another depending
on the frequency.

Experiments conducted on both sintered and melt
textured YBCO superconductors for the purpose of
magnetic flux compression have shown that the
rapidly moving flux with a millisecond rise time to
approximately 1 kilogauss penetrates the
superconductor with little (<35 gauss) compression of
the field.T This would indicate that a magnetic field
could easily move through the body of a sintered
superconductor to produce currents within the grain
structure. Contradictory to this, it has also been
shown during tests to repeat the Podkletnov
experiment that an AC magnetic field will levitate a
sintered (12 inch) disk.++

Podkletnov's experiment used both AC magnetic
fields and rf energy. It would therefore seem that
Podkletnov has produced a device to enhance the
production of rf energy and rf energy to enhance the
production of superconductor currents. These
reinforcing phenomena should lead to high electron
densities in the superconductor disk, focused at the
Josephson junction sites and generated at the junction
frequency.

It is then suggested here that the quantum
fluctuations of the electrons across the multitude of
Josephson junctions in properly prepared Type II,
superconductors may produce a measurable force on
the vacuum that could counteract the effect of gravity.

OTHER RELATED EXPERIMENTS

The capacitive like nature of the Josephson
junction would make one wonder if other experiments
have been conducted using capacitors to affect the
vacuum. Research of the literature indicates that
experiments using capacitors as a coupling
mechanism to the quantum vacuum is not a new idea.
In 1904, Trouton and Noble (T-N) reported that a
mechanical force could be detected from a charged
capacitor, which was free to rotate[21]. And in 1929,
Townsend Brown reported translational motion using
the now famous Biefield-Brown (B-B) effect, which
utilizes capacitors with extremely high electrical
potentials (>70 kV)[10]. To the author's knowledge,

Conducted by the first two authors.
++ This work is being conducted under a NASA SBIR Phase II.

no one has report a successful duplication of the B-B
experiment.1111 However in 1998, Cornille, Naudin,
and Szames reported a successful duplication of the
T-N experiment also using voltages near 70 kV.[22]

Trying to connect these two experiments to
Podkletnov's experiment is somewhat deceptive as
only statically charged capacitors with no magnetic
fields were used. One could speculate that the
leakage current across the dielectric medium could
occur at some (low) frequency associate with the
atomic electron energy states. Also, stray magnetic
fields could have been present; at the least, the
magnetic field of the earth was. From a more
physical sense, the time varying magnetic fields in the
Podkletnov experiment would have created time
varying high electrical potentials in the
superconductor.

In more recent times, Graham and Lahoz (in
1980) reported the use of a coaxial capacitor to
produce rotational motion from the vacuum by setting
up a non-vanishing Poynting vector, as Maxwell and
Poynting foresaw and predicted by Heaviside's time
variation of Maxwell's equations.1201 Further,
Woodward has recently done some very interesting
work with capacitors, both theoretically and
experimentally to validate the notion of a transient
mass effect.[17] These two experiments do have
similarity to the Josephson junction and a further
clarification follows.

Heaviside Force

Oliver Heaviside in 1886 obtained an express
from the divergence of the Maxwell stress tensor,
which is a vector with units of force density ( N / m 3 ) ,
and therefore implies momentum transfer. Corum
names this the Heaviside force fH and gives it in
vector form as

= d(DxB)
H dt '

where D is the electric displacement and B is the
magnetic induction1191.

Corum goes on to present a space-drive that was
first presented in an essay by Joseph Slepian in 1949.
In the essay, Slepian models the space-drive by
employing an rf source to drive two solenoids and a
parallel-plate capacitor electrically wired in series.
The rf energy was directed between the plates and
perpendicular to the electric field of the plates. In
this arrangement, the current passing through the coils
must also cross the capacitor. This is shown in figure
2.

(2)

** Referred to as the Heaviside Force by Corum[19].
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In the Slepian model, one may say that the
current can only cross the capacitor in the presence of
an rf field. This is the case for a superconductor
Josephson junction. In fact, Slepian space-drive
model is a crude approximation of a Josephson
junction and is only a short stretch to the junction
model of figure 1.

Coil

Capacitor

Figure 2. Slepian Space Drive Model.

Transient Mass Shifts

Woodward has come up with an equation for a
transient mass shift (TMS) derived from Mach's
Principle (Woodward, 1991). Woodward presented
the transient mass shift dm0 in general terms as:

where dm0 is the transient mass; ft is the ratio <f>lc2

( ̂  is the gravitational potential due to all the matter
of the universe) and is approximately 1 and unitless;
CO is the frequency of the driving voltage into the
capacitors in radians per second; P0 is the power
applied to the capacitors in Watts; G is the
gravitational constant = 6.673 x 10-1 1 N m2/kg2; p0

is the density of the capacitors; and c is the velocity
of light -2.9979x1 08 m/s.

A connection between Woodward's transient
mass and Podkletnov's gravity modification
experiment was presented in a previous paper.[16] In
the paper, a model of the Josephson junction,
transient mass relationship was given similar to figure
3.

As with figure 1, figure 3 presents a two-grain
Josephson junction where one grain is a normal
conductor NC and the other is superconductive SC.
The current has been represented as a function /(/)
due to the uncertainty of this mechanism (i.e., time
varying fields and rotation). The prospective is that
electron charges e formed in the normal conductor.
The application of the rf energy at the appropriate
frequency allows the flow of electron to cross the
junction as pairs 2e . Noting the reverse effect is also
possible.

Figure 3. Josephson Junction TMS Model.

As cited in the previous paper, Woodward's
TMS formula has commonality with Modanese's
anomalous coupling theory (ACT)[3'4] and
Woodward's capacitor experiment has commonality
with the layered superconductor disk of Podkletnov's
second experiment where the top part was a
superconductor and the bottom portion a normal
conductor. The TMS formula derives a mass
fluctuation from a time-vary ing energy density. The
ACT suggests that the essential ingredient for the
gravity phenomenon is the presence of strong
variations or fluctuations of the Cooper pair density
(a time- varying energy density). Woodward's
experiment used a small array of capacitors whose
energy density was varied by an applied 11 kHz
signal. When these are vibrated up and down at the
correct frequency so that they are going up when their
mass is minimum and going down when their mass is
maximum, then a small, constant, mass-force change
is possible. Podkletnov's superconductor disk
contained many Josephson junctions, which were
radiated with a 3-4 MHz signal. At the layered
interface, the Cooper pairs are moving upward, while
the electron pair separations are moving downward.

These commonalties allow for ease in rewriting
the transient mass shift equation in terms of a
superconductor mass shift dmsc as

(4)

where f . . is the resonance frequency (in Hz) of the
superconductor Josephson junctions, P^ the effective
combined power (in watts) of all the junctions, and
psc is the density of the superconductor. Equation 4
then represents the mass change of the
superconductor.

EXPERIMENTAL APPROACH

Repeating the original Podkletnov experiment
has been a major undertaking within the Marshall
Space Flight Center for several years. Confusion over
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the original experimental design and the ability to
produce the large superconductors have been the
major problems. Given these problems a much
simpler experimental approach was devised to
investigate the possible gravity connection. This
approach has not been without problems.

The approach involved the replacement of the
large (~1 kg) lead masses in a commercially available
computerized torsion or Cavendish balance with a
system that magnetically modulates an YBCO
superconductor. A sketch of the proposed experiment
is given in figure 4.

rf Power

f ' | Permanent Magnet (N, S)

r.-.;.- J Superconductor (SC)

| | Iron Frame

\ \
S

\
sc

\
N

' ^[-' •'•'•'•'. i r "•w. «. •.•.•. »j i

Figure 4. Sketch of the Cavendish balance experiment.

The measurement of the gravitation constant G
(6.67 x 10"11 N-m2/kg2) using a Cavendish balance is
a simple experiment, which is routinely performed by
beginning physics students. Using Newton's
universal law of gravitation, it is possible to express
the angular displacement (j) of the beam in terms of
directly measurable quantities

where M is the test mass, m is the mass attached to
each end of the beam, / is the separation length of
the beam mounted masses, R is the distance from the
center of each test mass to the center of each beam
mounted mass, and K is the torsion constant of the
fiber supporting the beam (not shown).

Corrections

The use of the Cavendish balance as supplied
with the large lead masses requires several
corrections. Such as a correction for the gravitational
torque on the beam and the cross torque between the
opposite masses. These corrections are easily
approximated and are applied to the smaller masses.

Other corrections such as the variations in R can be
averaged out over many data points.

In this experiment, the spherical large lead
masses are being replaced by a much larger mass that
is more like a rectangular box. Such a shape makes
the calculation of these corrections much more
complicated without extensive testing. The simple
solution is to look at the things that are measurable
versus those that are not and see how these change
from one condition to the other. Equation 5 is then
rewritten as,

f \*\ f „ \
(6)

where kc is the correction to m the small mass.
Equation 6 can then be used in the formulation of

a percent mass change M% even though the left side
of the equation is unknown. For example, a percent
mass change M% between a non-modulated
superconductor mass M} and a modulated
superconductor massM2 is just the ratio of the
angular displacements $ and (/>2, given by

M% = —- = — (7)

where the angular displacements are measurable.

Sensitivity

Equation 6 also is true for two different tests
using two different mass weights. The change in the
measured angular displacement of the torsion fiber
will then be directly proportional to the change in the
test mass. For example, the change in angular
displacement d(/) associated with an effective change
in the test masses dM is given by

dM
(8)

The sensitivity of the device is therefore
dependent on the magnitude of

Jkc\lml
2) * '

(9)

K = -V
R2 ( In

(10)

which is independent of the smaller mass and any
correction to it as long as the period T is measurable.

Based on the published characteristics of the as
delivered Cavendish balance a numerical estimate for
the sensitivity was determined to be

—— = 0.3 microradians / gram
dM (11)
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for T = 120 sec, / = 30 cm, and R = 4.6 cm.
The commercially available Cavendish balance

was chosen because it contained a computerized
electronic detector known as a symmetric differential
capacitive (SDC) control unit** to electronically
measure the position of the beam as it rotates. The
SDC is easily capable of measuring a displacement
angle of 1 micro-radian. Therefore for a 0.5% weight
change of a 300-gram superconductor, a displacement
angle of 1.5 micro-radians would be detectable.

Testing has shown that the calculated
displacement angle varies not with M but with
M/R2. This is due to the uneven mass density of
the superconductor containment system or modulator
that will be described later. That is, as the mass of
the superconductor (or test mass) changes, the
average density displacement of the modulator also
changes, which in turn shifts the position of the
modulators center of mass. This makes the
determination of the percent mass change or equation
7 more difficult to determine. However, since we are
only concerned at this point with seeing a change in
the relationship between tests, the sensitivity to l/R2

in equation 9 is a plus. In the general sense, the
sensitivity as given in equation 11 is enhanced by the
square of the difference in the shifted R values as a
result of the test mass weight change.

Test Apparatus

In order to operate the balance in the hand-off
operation inside a liquid nitrogen cyro-tank, the
balance was fitted into a structure and the motion of
the large masses was automated using a National
Instruments, nuDrive (model 4SX-411) stepper motor
controller and a National Instrument's rack (PXI-
1010 Chassis) mounted computer (PXI-8156B) using
Lab view 5.1 software written specifically for this
operation. The modified balance is shown in figure
5.

The large masses were replaced by a system,
referred to as the modulator, which was required to
modulate the superconductor sample with
electromagnetic (EM) or rf energy. The modulator
was composed of a superconductor, permanent
magnets, an iron frame, a kHz coil, and an MHz
antenna. Electrodes were placed adjacent to the
superconductor to detect the hall current induced in
the superconductor. A magnetic shield (1006 steel)
was added due to an attraction problem with the
balance's aluminum beam. A picture of the modified

balance with the modulators is shown in figure 6 and
a sketch of the modulator is shown in figure 7.

Figure 5. Automated Cavendish Balance.

Figure 6. Modulator & Balance.

Signal Out

kHz

** The SDC is an invention of Dr. Randall Peters;
Research Consultant.

Figure 7. Sketch of Modulator.

The iron frame forms a magnetic circuit that
directs the field through the superconductor and
parallel to the balance's beam. The placement of the
coil around the iron frame induces a time varying kHz
field in the static field. The MHz antenna is placed
near the coils also inducing a time varying field in the
static field. The effect of these time varying fields
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were measured perpendicular to the static field.
The purpose of the static magnetic field

produced by the permanent magnets was to induce
currents in the superconductor about pinned flux
sights and possibly the weaker holes about the grains,
which would be much higher than that seen by the AC
levitated superconductor in the Podkletnov
experiment. The kHz modulation field would then
act to break the pinning sites freeing the pinning
currents to move according to the motion of the
magnetic field in the superconductor material. In
theory, the radiated MHz field reduces the resistance
of the Josephson junction between the grain
boundaries and to allow resistiveless passage of the
currents throughout the superconductor.

The configuration of the superconductor then
determines the mode of operation. That is, if the
superconductor is composed entirely of sintered
grains, the Heaviside force at the Josephson junction
sights will dominate any gravity effect. On the other
hand, if a non-superconducting, conductive layer is
placed on the outward side of the sintered
superconductor away from the balance; the electron
motion across the boundary will produce a mass
transit effect.

Instabilities

Several months were spent after the initial
completion of the automated balance in determining
and eliminating instabilities caused by the automation
mechanism. The major mechanical problem was
caused by the support apparatus, which would bend
downward (ah gravity) as the modulator moved
through the zero position. This allowed the spur gear
to hit the support structure. Repositioning of the gear
only made it hit other structures. The problem was
fixed by grinding the top and bottom of the spur gear
at an angle.

Placement of the drive motor also presented a
problem. Due to the lack of support perpendicular to
the balance beam, lead to the introduction of
vibration. Placement of the motor such that the shaft
rotation was in the plane of the modulator's motion
and adding support structures provided a major
reduction in the induced vibrations.

The deduction of these problems and the
resulting fix thereof was hindered by the enclosure of
the spur gear and the fact that some of the vibrations
could only be detected by the analysis of the data. A
data run was typically done overnight to allow the
balance to stabilize. Three to five data cycles were
typically required before stabilization occurred. One
data cycle of about 35 minutes was required to get
one dynamic angle measurement.

The only problem to arise during cooling in
liquid nitrogen was with the electrical connections.
Cooling below 170C caused intermittent signal
disturbances. This was fixed by insulating the
connections exposed to the liquid nitrogen
temperatures.

TESTS RESULTS

Only one type of superconductor sample has
been tested. It was composed of two layers; one of
YBCO and one of PrBCO (Pr - Praseodymium).
The substitution of Pr for Y was done to cause the
layer to be a conductor with similar crystal structure
to the YBCO. This sample was fabricated by the
same manufacture producing the samples for the
repeat of the Pokletnov experiment under a NASA
SBIR phase II. Tests were conducted at room
temperature and at liquid nitrogen (-196 C)
temperature.

The YBCO superconductor only required < -180
C to become superconductive. The type K
thermocouples used in the experiments flat lined
between -186 C and -188 C in liquid nitrogen.
Therefore to insure that the superconductor was in a
superconductive state, tests were not conducted until
a temperature < -186 C was optioned. The following
graphs (figure 8-12) represent a data set using the
same torsion wire. The numbers across the bottom (x
- axis) of each chart refers to the number of cycles
from which each dynamic angle was calculated. The
sequence is in order of time from start to finish of a
data run. Each dynamic angle (or cycle) depended on
the period of the torsion beam, but typically was
between 30 and 40 minutes. The voltage value on the
left (y -axis) of each chart refers to the calculated
dynamic angle. The values have been left in its
voltage value because the conversion factor for the
control unit was stable between tests.

The results of the superconductor tests are base
lined against a copper (Cu) sample.

No-Modulation

The results of the room temperature and the
liquid nitrogen (i.e., superconductive) tests for the
non-modulated or static magnetic field cases are
shown in figure 8 and figure 9, respectfully.

As seen in the room temperature tests of figure 8,
the calculated dynamic angles between the varying
weighted masses increased with decrease mass weight
due to the non-uniform density of the modulator (i.e.,
1/R2). Additional tests were conducted using other
weights composed of fiberglass epoxy, aluminum,
and lead, which showed the same result.
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Figure 8: Dynamic Angle of copper sample (Cu) and
superconductor sample (PR123) at room temperatures.

In the liquid nitrogen tests of figure 9, the tests
were started when the superconductor was at
superconductive temperatures and allow to warm-up
over night. As shown, at the non-superconductive
temperature of - 175 C there is a noticeable change in
the values of the dynamic angles. (Approximately
0.06 v for the superconductor sample and 0.05 for the
copper sample.) Earlier tests down to -170 C with
the original lead masses in the balance, also show
good results in the calculation of the gravitational
constant, which changed by less than 2% from the
room temperature value.

Instabilities noted at the beginning of the liquid
nitrogen test of the superconductor sample warranted
a repeat at the lower temperature. This was conducted
immediately following the first test as not to disturb
the balance. Figure 10 shows the data from the
repeated run.

Figures 9 and 10 then show that the
superconductor and the copper samples produced
similar results at the lower temperatures.

EM Modulation

EM modulation tests were conducted at room
temperatures and at liquid nitrogen temperatures for
only the superconductor. These tests are shown in

0.05

0.04

0.03 -

0.02

0.01 -I———_,——

Cu -637g
7-5-01

Figure 9: Dynamic Angle of copper sample (Cu) and
superconductor sample (PR123) from superconductive
temperatures to non-superconductive temperature.

PR123-305g
7-3-01

Figure 10: Dynamic Angle of the superconductor sample (PR123)
at superconductive temperatures.

figure 11 and figure 12. The room temperature tests
of figure 11 shows the effect of the MHz and kHz
frequencies separately. In the liquid nitrogen test
shown in figure 12, both the MHz and KHz
frequencies are used together.

In both cases, the calculated dynamic angle
increased over time. In the liquid nitrogen tests, the
first two data points are with no EM modulation.
This was done to detect a change before the boil off
of the liquid nitrogen due to the rf heating of the iron
frame, which was partially submerged in the liquid
nitrogen. Rapid boil off reduced the superconductive
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run time from approximately six hours with no EM
modulation down to two hours with EM modulation.
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Figure 11: Dynamic Angle of the superconductor sample (PR123)
at room temperatures with EM energy applied.

Figure 12: Dynamic Angle of the superconductor sample (PR123)
at superconductive temperatures -with EM energy applied.

CONCLUSIONS AND RECOMMENDATIONS

To summarize, we note that these exploratory
experiments have been carried out in an attempt to
quantity the effects of EM energy on a
superconductor. The general conclusion is that the
results of these tests gave a null result. That is, no
conclusion at this time can be made to the EM effects
on the superconductor. This conclusion is reached
based on the increasing dynamic angle over time in

both the room temperature and liquid nitrogen
temperature tests.

Further, it is concluded that the balance is
sensitive to mass changes at room temperature and
down to approximately -175 C but not when the
temperature is < -186. This conclusion was reached
based on the similarities in the data for both the
copper and superconductor samples in figure 9.
However because no time varying temperature data
was taken on these tests, further testing is required to
pin point the actual shift point between -175 C and -
186 C.

If a temperature at which the superconductor
becomes superconductive and within the sensitivity of
the balance is determined, it is recommended that
non-EM modulated tests on the masses reported here
and on a non-layered superconductor be conducted.
Regardless of the results, a redesign of the balance is
recommended to eliminate the EM modulation effects
on the balance control unit and to reduce the heating
effect of the modulator.
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Gravity is one of the four known fundamental interactions used to study and interpret
physical phenomenae. It governs diverse phenomenae, especially those connected with large-
scale structures. From more than one decade, existing gravity theories have suffered from
some problems, when confronting their predictions with the results of some experiments and
observations. This situation has led to many suggestions, none of which is final, so far. Here,
we show that the assumption of existence of another side of gravity, a repulsive gravity or
antigravity, together with its attractive side, may give a satisfactory solution to gravity problems.
We caught here two pieces of evidence for the existence of antigravity in nature. The first is on
the laboratory scale, the COW experiment, and the second is on the cosmic scale, SN type Ia
observation. On the other hand, we show how gravity theories can predict antigravity, using a new
defined geometric object called Parameterized anticurvature. This shows clearly how Einstein’s
geometrization philosophy can solve recent gravity problems in a satisfactory and easy way. Also,
it may throw some light on the mystery of physical nature of “Dark Energy.”

1. Introduction

Nowadays, it is well known that most of the phenomenae in the Universe can be interpreted
successfully using one or more of the following interactions:

(1) gravity;

(2) electromagnetism;

(3) weak force;

(4) strong force.
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Although gravity is the most popular among the above-mentioned interactions, one
can say that we are now living in an electromagnetic civilization. Most of the tools and
equipments of modern civilization depend on electromagnetism. This is mainly due to our
deep understanding of the electromagnetic interaction compared with other interactions.
However, there are some pieces of evidence forcing one to claim that ancient civilization has
been a gravitational one. Among these pieces of evidence, a “null one,” that is, the ignorance
of mankind, in that civilization, of any interaction but gravity. Unfortunately, there are no
documents found, so far, supporting the above-mentioned claim.

In contrast to other interactions, gravity is the long-range force that cannot be shielded.
It affects many, if not all, processes, activities, and phenomenae, starting from biological
processes within biological systems, passing through human activities (e.g., lifting liquids,
flights, rockets, etc.), ending with the stability of large-scale systems (e.g., atmosphere
of the Earth and planets, solar system, stars, galaxies, and the Universe itself). A better
understanding of gravity would certainly give a signal for the beginning of a new era of
civilization.

Gravity, as we experience on the Earth’s surface and in the solar and similar systems,
is associated with an attraction force. Theoretical physicists take this “fact” into consideration
when constructing gravity theories. Newton has succeeded to quantify this attractive force
using his law of universal gravity. Einstein, in the context of his theory of General Relativity
(GR), has interpreted gravity as a geometric property, space-time curvature. It has been shown
that, using Einstein’s point of view, one can interpret more physical phenomenae than using
Newton’s one.

Although GR is the most acceptable theory for gravity, so far, it suffers from several
problems, especially those connected with recent observations. None of the existing theories
of gravity, including GR, can interpret the results of the following observations, for instance

(1) supernova type Ia observation [1];

(2) the rotation velocities of stars in spiral galaxies [2];

(3) pioneer 10, 11 velocity observation, “Pioneer Anomaly” [3];

(4) the mass discrepancy in clusters of galaxies [4].

Such observations indicate that our understanding of gravity is not complete enough. It
seems that there is something missing in the theories describing gravity. Such theories should
be modified or replaced by others, that take into account the missing factors, if any. Many
authors have tried to tackle such problems, suggesting different solutions. The most famous
candidate used is “Dark Energy” (cf. [5–8]), an exotic term implying the existence of an
unknown force, most likely repulsive.

Assuming that attraction is one side of gravity and repulsion is its other side, many of
the recent gravity problems can be analyzed, understood, and solved. This paper discusses
briefly some experimental and observational pieces of evidence, also theoretical predictions,
for the existence of the other side of gravity, the repulsive side. This may illuminate the road
towards a more satisfactory theory for gravity and a better understanding of this interaction.
Pieces of evidences for attractive gravity are popular and do not need any sophisticated
equipments to discover. In contrast, lines of evidence for repulsive gravity are not so obvious
and need sophisticated technology to be explored. In what follows, we are going to discuss,
briefly, two of these lines of evidence. The first evidence is on the very large scale, the cosmic
scale, while the second evidence is on the laboratory scale.
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Figure 1: COW Neutron Interferometer.

2. Observational and Experimental Evidence for Repulsive Gravity

The first evidence emerged from the analysis of the results of Supernovae type Ia observation
[1]. These observations need space telescopes and equipments and would not have been
carried out without the use of such sophisticated space technology. The objects associated
with this type of Supernovae are considered to be standard candles, which can be used
to measure long distances in the Universe with high accuracy. On the other hand, radial
velocities of such objects can be easily obtained as a result of measurements of their red shifts.
Knowing distances and velocities, one can get the rate of expansion of our Universe, using
Hubble’s relation. It has been shown [1] that the Universe is in a phase, with an accelerating
expansion rate. This result is in contradiction with all accepted theories of gravity, including
GR (with vanishing cosmological constant). The increasing rate of expansion indicates very
clearly that there is a large scale repulsive force driving the expansion of the Universe.

The second evidence comes from a sophisticated experiment which has been
suggested and carried out from more than three decades ago, in an Earth’s laboratory. This
experiment is known in the literature as the “COW” experiment. It has been suggested by
Colella, Overhauser, and Werner in 1974 and carried out many times starting from 1975 to
1997 [9–13]. The results of this experiment indicate clearly that there is a real discrepancy
with existing theories. Before discussing this discrepancy, we give a simple account on the
experiment.

The experiment studies quantum interference of thermal neutrons moving in the
Earth’s gravitational field. A neutron interferometer is used for this purpose (see Figure 1).
A beam of thermal neutrons A is split into two beams A1, A2 at the point a. The beam A1 is
reflected at b, while A2 is reflected at d. The two reflected beams A1 and A2 interfere at the
point c of the interferometer.

Assuming that the path lengths ab = dc, ad = bc and that the trajectory of the neutrons
is affected by the Earth’s gravitational potential, a phase difference between the two beams
A1 and A2 is expected. This is due to the difference in the Earth’s gravitational potential
affecting the paths ab and dc, (since ab is more close to the Earth’s surface than dc). Using the
interference pattern, one can measure the phase difference, and consequently the difference
in the Earth’s gravitational potential.

The theories used for calculating the phase shift have been quantum mechanics and
Newton’s theory of gravitation (The Earth’s gravitational field is a weak field. Newton’s
theory of gravitation is a limiting case of GR in the weak field regime. So both theories will
give about the same prediction) . It has been found that the experimental results are lower
than theoretical predictions by eight parts in one thousand (0.008), while the sensitivity of
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the interferometer used is one part in one thousand (0.001). Consequently, there is a real
discrepancy between the results of this experiment and theoretical predictions [9].

Now, the results of this experiment show clearly that the Earth gravitational potential
measured is different from that predicted by Newton theory of gravity (or by GR), even
in the weak field regime. The absolute value (measured) of this potential is less than the
corresponding value predicted by known theories of gravity! One probable interpretation is
that there is a repulsive force reducing the value of the potential, predicted by theories that take
into consideration attraction only.

The above two lines of evidence give a probable indication that there is a repulsive
force affecting trajectories of particles, whether long range (photons in the cosmos) or short
range (neutrons in the laboratory). Now, we have two possible approaches for interpreting
the above evidence. The first is that they can be considered as indicators for the existence of
a new interaction, fifth force, different from those given in the introduction. The second is
that one, or more, of the four known interactions is not well understood. The first possibility
has been extensively examined (cf. [14, 15]). So, let us examine the second one. Weak and
strong interactions can be easily ruled out, since they are of very short range (the order of one
Fermi). Also, the electromagnetic interaction can be excluded since the two pieces of evidence
considered concern trajectories of electrically neutral particles (photons or neutrons). Thus,
we are left with the gravitational interaction only. Deep examination of this interaction may
lead to a better understanding of gravity.

If we assume that gravity has two sides as mentioned above. The first is the side that
is well known on the Earth’s surface and in the solar and similar systems, the side connected
with attraction. The second is the side connected with repulsionwhich is not so obvious in the
solar system. Then, two important questions emerge as follows.

(i) What geometric object (Assuming the geometrization philosophy (very successful
in dealing with gravity) is being applied) is responsible for repulsion?

(ii) Why repulsion is so small, compared with attraction, in some systems while it is
relativity large in others?

In what follows we are going to discuss two theoretical (geometric) features
predicting, very naturally, the existence of repulsive gravity. This will give possible answers
to the above-mentioned questions and, consequently, a convincing theoretical interpretation
for accelerating expansion of the Universe and for the discrepancy in the COW experiment.

3. Geometric Predictions of Repulsive Gravity

In the last decade, many attempts have been done suggesting new theories, or modifying
the existing theories, of gravity in order to account for the accelerating expansion of the
Universe and the repulsive force driving it. These attempts can be classified into two classes:
physical and geometrical. The physical class includes suggestions about the existence of types
of peculiar matter, having certain equations of state, filling the Universe (e.g., Chapling gas
[16], phantom [17], etc.). The geometrical class comprises geometric suggestions to solve the
problem (e.g., increasing the number of space-time dimensions [18], increasing the order of
the curvature scalar R in the lagrangian, f(R) theories [19], the use of geometries with non-
vanishing torsion [20], the increase of order of torsion (T) in the lagrangian, f(T) theories
[21], etc.). None of the above-mentioned attempts could explain, satisfactorily, the repulsive
features of gravity. If one of these attempts is accepted as an interpretation for accelerating
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Building blocks of the geometry

Geometry Symmetric (riemannian type) Nonsymmetric (Riemann-Cartan type)

Symmetric part Skew part

Curvature Curvature Anti-curvature

Gravity Gravity Anti-gravity

Physics Attractive force Attractive force Repulsive force

Geodesic motion Modified geodesic motion

Affine connection

Figure 2: Geometrization of physics using geometries of Riemann and of Riemann-Cartan type.

expansion of the Universe, it cannot account for the discrepancy of the COW experiment,
discussed above.

In what follows we are going to give a brief account on an attempt, belonging to the
geometric class, that can give a convincing interpretation for both large-scale and laboratory
scale problems as those given in the above Section. This attempt also gives two geometric
properties for the existence of repulsive gravity, and convincing answers to the two questions,
raised at the end of Section 2.

Before reviewing the attempt, we are going to give a brief idea, as simple as possible,
about the underlying geometry of this attempt. The geometric structure used is called the
“Parameterized Absolute Parallelism” (PAP) geometry [22]. In 4-dimensions, the structure
of a PAP space is defined completely by a tetrad vector field. The general linear connection
characterizing this space is written as (we are using starred symbol, to characterize an object
belonging to the PAP-geometry, while the same symbol, unstarred, is used for AP objects
(b = 1))

∗
Γα

· βσ =
{

α
βσ

}
+ bΥα

· βσ , (3.1)

where
{ α
βσ

}
is the ordinary Christoffel symbol of the Riemannian space (used to construct

GR), Υα
· βσ is a third order nonsymmetric tensor, called contortion, defined in the PAP-space,

and b is a dimensionless parameter whose importance will be discussed later. An important
feature of the PAP-space is that it is more general than both Riemannian and conventional
Absolute Parallelism (AP) spaces in the sense that

(i) for b = 0 the PAP-space covers all the Riemannian structure, without any need for
a vanishing contortion;

(ii) for b = 1 the PAP-space reduces to the conventional AP space.

Among other things, these features facilitate comparison between a theory constructed
in the PAP-space and the results of any other theory constructed in the AP space or in the
Riemannian one, including GR.
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The antisymmetric part of the parameterized linear connection (3.1) is called the

torsion
∗
Λα

· βσ of the connection:

∗
Λα

· βσ = bΛα
· βσ , (3.2)

where Λα
· βσ is the torsion of the AP space. The PAP curvature tensor is defined by the fourth

order tensor [20] given by

∗
B

α
μνσ

def .= Rα
μνσ + b

∗
Qα

μνσ /= 0, (3.3)

where

Rα
μνσ

def .=
{

α
μσ

}
,ν

−
{

α
μν

}
,σ

+
{
α
εν

}{
ε
μσ

}
−
{

α
εσ

}{
ε
μν

}
(3.4)

is the Riemann-Christoffel curvature tensor and

∗
Qα· μνσ

def .= γ
α
+· μ σ
+ −| ν

− γα· μν |σ+
+ b

[
γε· μν γα· εσ − γε· μσ γα· εν

]
, (3.5)

is a tensor of type (1, 3), purely made of Υα
· βσ .

The curvature (3.3) is, in general, nonvanishing. Consequently, the PAP-space is of
the Riemann-Cartan type, that is having simultaneously non-vanishing torsion (3.2) and
curvature (3.3).

Now, the two geometric properties predicting the existence of antigravity, and
consequent repulsive force, are given below.

(1) Since the PAP geometry covers, at least the domains of both Riemannian and AP-
geometries as limiting cases, we are going to use the advantages and properties of these two
limiting cases to discuss relation (3.3). The tensor Rα

· βσδ , in Riemannian geometry, measures
the curvature of the space, that is, the deviation of the space from being flat. It is completely
made of Christoffel symbols. Its vanishing is a necessary and sufficient condition for the space
to be flat. Einstein’s idea has been to use this tensor as a measure of the gravitational field of
the system.

Let us now examine the curvature in the case of the AP space. It can be written, using
(3.3) with b = 1, as

Bα
· βσδ = Rα

· βσδ +Qα
· βσδ ≡ 0, (3.6)

where Qα
· βσδ is the limiting case of

∗
Qα

· βσδ for b = 1. It is to be considered that neither Rα
· βσδ

nor Qα
· β σδ

vanishes, while their sum, that is, the curvature Bα
· βσδ of the AP space, vanishes

identically. This implies an interesting property, that is, the non-vanishing tensors Rα
· βσδ and

Qα
· βσδ compensate (balance) each other in such a way that the total curvature of the space is

zero. This compensation gives rise to the flatness of the AP space. Now, as Rα
· βσδ measures
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the curvature of the space, Qα
· βσδ represents the additive inverse of this curvature. For this

reason, we callQα
· βσδ the “anticurvature” tensor [23], and consequently the tensor defined by

(3.5) is the “parameterized anticurvature” tensor.
An interesting physical result can now be obtained. Einstein has used curvature Rα

· βσδ
as a geometric object representing gravity, in his theory of GR. Similarly, we can use the
anticurvature Qα

· βσδ as a geometric object representing antigravity, in any suggested theory.
But, the complete balance between Rα

· βσδ and Qα
· βσδ gives rise to a flat space, that is, balance

of the two (basic features) sides of gravity. Observationally, this is not the case, at least in
the solar and similar systems, in which gravity dominates over antigravity, that is, curvature
dominates over anticurvature. Thus, one needs a certain parameter, to be adjusted, in order
to fine tune the ratio between the curvature and anticurvature in any theory dealing with
both sides of gravity. This is ready and clarifies the importance of the parameter b, which
appears in (3.5), in the PAP-geometry. The presence of this parameter in (3.3)makes the PAP-
curvature non-vanishing (in general b /= 1).

This represents the first geometric feature which shows how antigravity can be
predicted in the context of the geometrization philosophy. It gives the first geometric feature
predicting the existence of antigravity, on theoretical basis.

(2) In the context of the geometrization philosophy, path equations in any appropriate
geometry are used to represent trajectories of test particles. For example, the geodesic
equation, of Riemannian geometry, is used as equation of motion of a test particle (e.g.,
planet) in the solar system, in the context of GR. Now, for the PAP-geometry, the path
equation can be written in the following form [20]:

d2xμ

dτ2
+
{

μ
αβ

}
dxα

dτ

dxβ

dτ
= −bΛ · · μ

(αβ) ·
dxα

dτ

dxβ

dτ
, (3.7)

where τ is the parameter characterizing the path. If b = 0, (3.7) reduces to the ordinary
geodesic of Riemannian geometry. Equation (3.7) can be considered as a geodesic equation
modified by a torsion term. For any field theory written in the PAP-geometry, (3.7) can be
used as an equation of motion of a neutral test particle moving in the field, in the domain of
this theory.

In order to understand (3.7), physically, let us analyze it using Newton’s terminology.
The first term of (3.7) can be considered as the generalized acceleration of a test particle.
The other two terms can be viewed as representing two forces driving the motion of this
test particle. On one hand, the first force is related to the Christoffel symbols

{ α
βσ

}
, which is

the only geometric object forming the curvature Rα
· βσδ. This force is the gravity force, since

it is connected with the curvature of the space time. On the other hand, the second force
is connected with the torsion (or contortion (There are some relations between torsion and
contortion [24] in such a way that the vanishing of one is a necessary and sufficient condition
for the vanishing of the other. So, in principle, any function of the contortion can be easily
written in terms of the torsion and vice versa.)) of space-time. Since the contortion (or torsion)
is the only ingredient forming the anticurvature Qα

· βσδ, then by similarity, we can call this
force the “antigravity force”. So, this equation can be written in the following block equation:

Acceleration +Gravity force = Antigravity force. (3.8)
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Consequently, a complete balance between gravity and antigravity forces would result in the
vanishing of acceleration.

In order to explore the quantitative nature of these two forces, let us examine the
consequences of linearizing (3.7). It has been shown [25] that the potential φ resulting from
the existence of the two forces (two sides of gravity) is given by

φ = φN − bφN. (3.9)

The first term, on the R.H.S., is the Newtonian potential due to gravity and the second term is
the potential due to antigravity, written in terms of φN , for simplicity. Recalling the classical
relation between potential and force, and knowing that b ≥ 0 appear in due course as will,
then we can easily conclude that as gravity force is attractive, antigravity force is necessarily
repulsive (due to the negative sign on the R.H.S. of (3.9)).

Now, we come to the dimensionless parameter b of (3.7). As stated above, the function
of this parameter is to adjust a certain ratio between gravity and antigravity (i.e., between
attraction and repulsion) in a certain system. This parameter can be decomposed as follows
[23]:

b =
n

2
αγ =

antigravity
gravity

, (3.10)

where n is a natural number taking the values 0, 1, 2, . . . for particles with quantum spin
0, 1/2, 1, . . ., respectively; α is the fine structure constant (∼1/137) and γ is a dimensionless
parameter depending on the size of the system under consideration, to be fixed by experiment
or observation. The vanishing of b switches off antigravity in any system and reduces any
suggested theory, constructed in the PAP-geometry, to a conventional gravity theory (e.g.,
orthodox GR). Also, in this case (3.7) reduces to the geodesic equation, in which attraction is
the only force affecting the trajectory of any test particle.

The discussion given above represents the second geometric feature which shows the
quantity and quality of the repulsive force predicted in the context of the geometrization
philosophy.

From the discussion given in (1) and (2), one can outlines the main features of a
geometric theory predicting and dealing with the two sides of gravity. Applying such theory,
a satisfactory interpretation can be achieved to the discrepancy in the COW experiment [26]
and for the accelerating expansion of the Universe [27]. The values of the parameter γ are
found to be of order unity for the Earth’s system and which more greater than unity for the
Universe.

For the two questions raised at the end of the previous Section, we have now the
following answers.

(1) For the first question: the geometric object responsible for repulsion is the anticurvature
tensor (3.5) (or the torsion tensor) of the background geometry characterizing the field.

(2) For the second question: the strength of the repulsive force depends on the value of the
parameter γ which characterizes the size of the system under consideration.
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4. Concluding Remarks

(1) Two main philosophies are used in the 20th century, to solve the emerged physical
problems, quantization and geometrization.

(2) Gravity problems are successfully solved using the geometrization philosophy, not
the quantization one.

(3) The two main objects characterizing any geometry are curvature and torsion
(giving rise to anticurvature).

(4) Einstein has used the curvature in constructing the theory of General Relativity,
solving the problems of attractive gravity in the Solar and comparative systems, in
the context of the geometrization philosophy.

(5) Some experiments and recent observations give strong evidence for the existence of
repulsive gravity together with the attractive one.

(6) In the present paper it is shown that using both curvature and the parameterized
anticurvature, one can account for both sides of gravity, attraction and repulsion,
and consequently give a satisfactory interpretation for accelerating expansion of
the Universe and the discrepancy of COW experiment.

(7) The modified geodesic equation (3.7), in its linearized form, shows clearly that the
force resulting from the torsion term (R.H.S. of (3.7)) is a repulsive force (see (3.9)).

The schematic diagram shown in Figure 2 summarizes the advantages of using a
complete geometry, that is, a geometry with simultaneously non-vanishing curvature and
torsion, in constructing field theories for gravity. The left-hand branch of this diagram gives
the geometrization scheme to be used to construct GR (attractive gravity only). The right-
hand branch gives a geometrization scheme to be used to construct a theory for both sides of
gravity.
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Abstract

The detection of apparent anomalous forces in the vicinity of high-Tc supercon-
ductors under non equilibrium conditions has stimulated an experimental research in

which the operating parameters of the experiment have been pushed to values higher
than those employed in previous attempts. The results confirm the existence of an

unexpected physical interaction. An apparatus has been constructed and tested in
which the superconductor is subjected to peak currents in excess of 104 A, surface

potentials in excess of 1 MV , trapped magnetic field up to 1 T , and temperature
down to 40 K. In order to produce the required currents a high voltage discharge

technique has been employed. Discharges originating from a superconducting ceramic
electrode are accompanied by the emission of radiation which propagates in a focused

beam without noticeable attenuation through different materials and exerts a short
repulsive force on small movable objects along the propagation axis. Within the
measurement error (5 to 7 %) the impulse is proportional to the mass of the objects

and independent on their composition. It therefore resembles a gravitational impulse.
The observed phenomenon appears to be absolutely new and unprecedented in the

literature. It cannot be understood in the framework of general relativity. A theory
is proposed which combines a quantum gravity approach with anomalous vacuum

fluctuations.
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1 Introduction

Experiments showing possible anomalous forces between high-Tc ceramic superconductors
under non equilibrium conditions and test objects have been reported by several inves-
tigators since 1992 [1, 2, 3, 4, 5]. The observed phenomenology was difficult to explain
and has been attributed to a so called “gravity modification”, because the reported effects
mimic well the properties of the gravitational interaction, although their nature has never
been clearly understood. In fact several alternative explanations of these results have been
proposed [6, 7, 8, 9, 42] in the attempt to bring the observed anomalies into the realm of
known effects.

Because of the great importance of any possible technical application of the reported
effects, research activities have started in many laboratories since the first observation of
the phenomenon [1]. Our recent research work focused on the improvement of the structure
of the high-Tc ceramic superconductors which have demonstrated capabilities of creating
anomalous forces. Moreover a high-voltage discharge apparatus has been designed and
constructed in order to easily reach those non equilibrium electromagnetic conditions that
seem required to produce the force effects in HTCs.

The results described in this report should be regarded as preliminary. An improved
version of the experiment is currently being planned. Nevertheless, the body of results, as
well as the complexity of the experimental procedures and of the theoretical interpretation
are such that a detailed description and diffusion could not be further delayed. All mea-
surements were done by E. Podkletnov in Moscow, while G. Modanese provided theoretical
advice.

2 Experimental

2.1 General description of the installation

The initial variant of the experimental set-up was based on a high-voltage generator placed
in a closed cylinder chamber with a controlled gas atmosphere, as shown in Fig. 1. Two
metal spheres inside the chamber were supported by hollow ceramic insulators and had
electrical connections that allowed to organize a discharge between them, with voltage
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up to 500 kV . One of the spheres had a thin superconducting coating of Y Ba2Cu3O7−y
obtained by plasma spraying using a “Plasmatech 3000S” installation. This sphere could
be charged to high voltage using a high voltage generator similar to that of Van de Graaf.
The second sphere could be moved along the axis of the chamber, the distance between
the spheres varying from 250 to 2000 mm. Spheres with a diameter from 250 to 500 mm
were used in the experiment. It was possible to fill the chamber with helium vapours or to
create rough vacuum using a rotary pump. The walls of the chamber were made of non-
conducting plastic composite material, with a big quartz glass window along one of the
walls which allowed to observe the shape, the trajectory and the colour of the discharge.
In order to protect the environment and the computer network from static electricity and
powerful electromagnetic pulses, the chamber could be shielded by a Faraday cage with
cell dimensions of 2.0 × 2.0 cm and a rubber-plastic film material absorbing ultra high
frequency (UHF) radiation.

The superconducting sphere was kept at a temperature between 40 and 80 K, which
was achieved by injecting liquid helium or liquid nitrogen through a quartz tube inside the
volume of the superconducting sphere before the charging began. The inside volume of the
chamber was evacuated or filled with helium in order to avoid the condensation of moisture
and different gases on the superconducting sphere. The temperature of the superconductor
was measured using a standard thermocouple for low temperature measurements and was
typically around 55-60 K. Given the good heat conductivity of the superconductor, we
estimated that the temperature difference in the ceramic did not exceed 1 K.

An improved variant of the discharge chamber is shown in Fig. 2. The charged
electrode was changed to a toroid attached to a metal plate and a superconducting emitter
which had the shape of a disk with round corners. The non-superconducting part of the
emitter was fixed to a metal plate using metal Indium or Wood’s metal, the superconducting
part of the emitter faced the opposite electrode. The second electrode was a metal toroid
of smaller diameter, connected to a target. The target was a metal disk with the diameter
of 100 mm and the height of 15 mm. The target was attached to a metal plate welded to
the toroid.

This improved design of the generator was able to create a well-formed discharge
between the emitter and the target, still the trajectory was not always repeatable and it
was difficult to maintain constant values of current and voltage. The chamber was also not
rigid enough to obtain high vacuum and some moisture was condensing on the emitter,
damaging the superconducting material and affecting the discharge characteristics. The
large distance between the electrodes also caused considerable dissipation of energy during
discharge. In order to improve the efficiency of operation, the measuring system and the
reproducibility of the discharge, an entirely new design of the vacuum chamber and the
charging system was created.

The final variant of the discharge chamber is presented in Fig. 3 (the apparatus is
shown in a vertical position though actually it is situated parallel to the floor). This set-up
allowed to reduce the dimensions of the installation and to increase the efficiency of the
process. The chamber has the form of a cylinder with the approximate diameter of 1 m
and the length of 1.5 m and is made of quartz glass. The chamber has two connecting
sections with flanges which allow to change the emitter easily. The design permits to
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create high vacuum inside or to fill the whole volume with any gas that is required. The
distance of the discharge has been decreased considerably giving the possibility to reduce
energy dissipation and to organize the discharge in a better way. The distance between
the electrodes can vary from 0.15 to 0.40 m in order to find the optimum length for each
type of the emitter.

The discharge can be concentrated on a smaller target area using a big solenoid with
the diameter of 1.05 m that is wound around the chamber using copper wire with the
diameter of 0.5 cm. The magnetic flux density is 0.9 T . A small solenoid is also wound
around the emitter (Fig. 3) so that the magnetic field can be frozen inside a superconductor
when it is cooled down below the critical temperature.

The refrigeration system for the superconducting emitter provides a sufficient amount
of liquid nitrogen or liquid helium for the long-term operation and the losses of gas due to
evaporation are minimized because of the high vacuum inside the chamber and thus of a
better thermal insulation.

A photodiode is placed on the transparent wall of the chamber and is connected to
an oscilloscope, in order to provide information on the light parameters of the discharge.
Given the low pressure and the high applied voltage, emission of X-rays from the metallic
electrode cannot be excluded, but the short duration of the discharge makes their detection
difficult. Use of a Geiger counter and of X-rays sensitive photographic plates did not yield
any clear signature of X-rays.

A precise measurement of the voltage of the discharge is achieved using a capacitive
sensor that is connected to an oscilloscope with a memory option as shown in the upper
part of Fig. 3. Electrical current measurements are carried out using a Rogowski belt,
which is a single loop of a coaxial cable placed around the target electrode and connected
to the oscilloscope.

The old fashioned Van de Graaf generator used in the previous stage of this work
was replaced by a high voltage pulse generator as shown in Fig. 4. This pulse generator
is executed according to the scheme of Arkadjev-Marx and consists of twenty capacitors
(25 nF each) connected in parallel and charged to a voltage up to 50-100 kV using a high
voltage transformer and a diode bridge. The capacitors are separated by resistive elements
of about 100 kΩ. The scheme allows to charge the capacitors up to the needed voltage
and then to change the connection from a parallel to a serial one. The required voltage is
achieved by changing the length of the air gap between the contact spheres C and D. A
syncro pulse is then sent to the contacts C and D which causes an overall discharge and
serial connection of the capacitors and provides a powerful impulse up to 2 MV which is
sent to the discharge chamber. The use of such an impulse generator allows for a precisely
controlled voltage, much shorter charging time and good reproducibility of the process.

2.2 Superconducting emitter, fabrication methods

The superconducting emitter has the shape of a disk with the diameter of 80-120 mm
and the thickness of 7-15 mm. This disk consists of two layers: a superconducting layer
with chemical composition Y Ba2Cu3O7−y (containing small amounts of Ce and Ag) and
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a normal conducting layer with chemical composition Y1−xRexBa2Cu3O7−y, where Re
represents Ce, Pr, Sm, Pm, Tb or other rare earth elements. The materials of both
layers were synthesized using a solid state reaction under low oxygen pressure (stage 1),
then the powder was subjected to a melt texture growth (MTG) procedure (stage 2). Dense
material after MTG was crushed, ground and put through sieves in order to separate the
particles with the required size. A bi-layered disk was prepared by powder compaction
in a stainless steel die and sintering using seeded oxygen controlled melt texture growth
(OCMTG) (stage 3). For the emitters with the diameter of 120 mm usual sintering was
applied instead of seeded OCMTG (stage 4). After mechanical treatment the ceramic
emitter was attached to the surface of the cooling tank in the discharge chamber using
Indium based alloy.

Stage 1 - Micron-size powders of Y2O3 and CuO, BaCO3 were mixed in alcohol
for 2 hours, then dried and put in zirconia boats in a tube furnace for heat treatment.
The mixture of powders was heated to 830 oC and kept at this temperature for 8 hours at
oxygen partial pressure of 2.7 · 102 Pa (or 2-4 mBar) according to [10, 11]. The material
of the normal conducting layer was sintered in a similar way.

Stage 2 - Micron-size powder of Y Ba2Cu3Ox was pressed into pellets using a metal
die and low pressure. The pellets were heated in air to 1050 oC (100 oC per hour) then
cooled to 1010 oC (10 oC per hour) then cooled to 960 oC (2 oC per hour) then cooled
to room temperature (100 oC per hour) according to a standard MTG technique [12, 13].
The quantity of 211 phase during heating was considerably reduced and the temperature
was changed correspondingly. ReBa2Cu3O7−x was also prepared using MTG, but the
temperature was slightly changed according to the properties of the corresponding rare
earth oxide.

Stage 3 - Bulk material after MTG processing was crushed and ground in a ball
mill. The particles with the size less than 30 µm were used for both layers of the ceramic
disk. The particles were mixed with polyvinyl alcohol binder. The material of the first
layer was put into a die, flattened and then the material of the second layer was placed over
it. The disk was formed using a pressure of 50 MPa. The single crystal seeds of Sm123
(about 1 mm3) were placed on the surface of the bi-layered disk so that the distance
between them was about 15 mm and the disk was subjected to a OCMTG treatment in
1% oxygen atmosphere. The growth kinetics of YBCO superconductor were controlled
during isothermal melt texturing. A modified melt texturing process was applied, where
instead of slow cooling following melting, isothermal hold was employed in the temperature
range where the growth is isotropic. By this modification, the time required to texture the
disk was reduced to 7 hours which is about 10 times faster than a typical slow cooling melt
texturing process. The crystallization depth was controlled by applying the corresponding
temperature and time parameters. Cubic Sm123 seeds were obtained using the nucleation
and growth procedure as described in [16, 17]. A thin layer of the material was removed
from the top surface of the disk to a depth of 0.3 mm and the edges of the upper surface
were rounded using diamond tools.

Stage 4 - For the emitters with the diameter of 120 mm it is technically difficult
to apply seeded MTG method, therefore normal sintering was carried out. Bulk material
after MTG processing (after stage 2) was crushed and sieved and the following size particles
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were used for both layers of the ceramic disk, the amount is given in weight percent:

500-400 µm 50-60%
120-60 µm 25-35%
< 20 µm 15-25%

The particles were mixed according to the ratio listed above using polyvinyl alcohol
as a binder. The material of the first layer was put into a die, flattened and the material
of the second layer was placed over it. The disk was formed using the pressure of 120
MPa and sintered in oxygen at 930 oC for 12 hours followed by slow cooling down to room
temperature. The edges of the upper surface were rounded using diamond tools.

X-ray diffraction, transition temperature, electrical conductivity and critical current
density were measured for both layers of various emitters using standard techniques.

2.3 Organization of the discharge and measurements of the ef-
fect.

The discharge chamber is evacuated to 1.0 Pa using first a rotary pump and then a cryo-
genic pump. When this level of vacuum is reached, liquid nitrogen is pumped into a tank
inside the chamber that contacts the superconducting emitter. Simultaneously a current
is sent to the solenoid that is wound around the emitter, in order to create a magnetic flux
inside the superconducting ceramic disk. When the temperature of the disk falls below
the transition temperature (usually 90 K) the solenoid is switched off. The experiment
can be carried out at liquid nitrogen temperatures or at liquid helium temperatures. If
low temperatures are required, the tank is filled with liquid helium and in that case the
temperature of the emitter reaches 40-50 K.

The high voltage pulse generator is switched on and the capacitors are charged to
the required voltage. It takes about 120 s to charge the capacitors. A syncro pulse is sent
to a pair of small metal spheres marked as C and D in Fig. 5. A discharge with voltage up
to 2 MV occurs between the emitter and the target. Half a second before the discharge,
a short pulse of direct current is sent for 1 s to the big solenoid that is wound around
the chamber, in order to concentrate the discharge and to direct it to the same area on
the target electrode. This pulse lasts for only 1 s not to cause the overheating of the big
solenoid.

The effects are measured along the projection of the axis line which connects the
center of the emitter with the center of the target. Laser pointers were used to define the
projection of the axis line and impulse sensitive devices were situated at the distance of 6
m and 150 m from the installation (in another building across the area).

Normal pendulums were used to measure the pulses of gravity radiation coming from
the emitter. The pendulums consisted of spheres of different materials hanging on cotton
strings inside glass cylinders under vacuum. One end of the string was fixed to the upper
cap of the cylinder, the other one was connected to a sphere. The spheres had typically
a diameter from 10 to 25 mm and had a small pointer in the bottom part. A ruler was
placed in the bottom part of the cylinder, 2 mm lower than the pointer. The deflection
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was observed visually using a ruler inside the cylinder (Fig. 5). The length of the string
was typically 800 mm, though we also used a string 500 mm long. Various materials
were used as spheres in the pendulum: metal, glass, ceramics, wood, rubber, plastic. The
tests were carried out when the installation was covered with a Faraday cage and UHF
radiation absorbing material and also without them. The installation was separated from
the impulse measuring devices situated 6 m away by a brick wall of 0.3 m thickness and a
list of steel with the dimensions 1 m× 1.2 m× 0.025 m. The measuring systems that were
situated 150 m away were additionally shielded by a brick wall of 0.8 m thickness.

In order to define some other characteristics of the gravity impulse - in particular
its frequency spectrum - a condenser microphone was placed along the impact line just
after the glass cylinders. The microphone was connected to a computer and placed in a
plastic spherical box filled with porous rubber. The microphone was first oriented with a
membrane facing the direction of the discharge, then it was turned 22.5 degrees to the left,
then 45 degrees to the left, then 67.5 degrees and finally 90 degrees. Several discharges
were recorded in all these positions at equal discharge voltage.

3 Results

Several unexpected phenomena were observed during the experiments. The discharge in
the installation corresponding to the initial set-up (Fig. 1) at room temperature in the
voltage range from 100 kV to 450 kV was similar to a discharge with non-coated metal
spheres and consisted of a single spark between the closest points on the spheres. When
the superconductor coated sphere was cooled down below the transition temperature, the
shape of the discharge changed in such a way that it did not form a direct spark between two
spheres, but the sparks appeared from many points on the superconducting sphere and then
moved to the corresponding electrode. When the voltage was over 500 kV the discharge at
the initial stage had a tendency to cause some glow with the shape of a hemisphere. This
glow separated from the sphere and then broke into multiple sparks which combined into
more narrow bundle and finally hit the surface of the target electrode.

Repeated discharges at high voltages caused damage to the superconducting coating
and partial separation of the ceramic material from the metal sphere, as the refrigeration
system was not efficient enough. Also the direction of the discharge was not always re-
peatable. The experiments were continued with the improved variant of the installation
as shown in Fig. 2 and then with the final variant of the installation as shown in Fig. 3.
This new configuration allowed to increase the reproducibility of the discharge and the
superconducting emitter was not damaged with high voltage. With voltage lower than 400
kV the discharge had the shape of a spark but when the voltage was increased to 500 kV
the front of the moving discharge became flat with diameter corresponding to that of the
emitter. This flat glowing discharge separated from the emitter and moved to the target
electrode with great speed. The whole time of the discharge as defined by the photo diode
was between 10−5 and 10−4 s. The peak value of the current at the discharge for the
maximum voltage (2 · 106 V ) is of the order of 104 A.

It was found that high voltages discharges organized through the superconducting
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Table 1: Emitter N. 2. Influence of high voltage discharges on the deflection of the pendu-
lum. Experimental data are the average of 12 measurements. The standard deviation of
the single data is between 5 and 7 %.

Voltage (kV ) ∆l (mm) ∆h (mm) Estimated ∆E (J · 10−4)
500 56.5 2.0 3.6
750 91.3 5.2 9.5
1000 110.4 7.7 13.9
1250 123.0 9.5 17.3
1500 131.6 10.9 19.8
1750 137.6 11.9 21.7
2000 142.0 12.7 23.1

emitter kept at the temperature of 50-70 K were accompanied by a very short pulse of
radiation coming from the superconductor and propagating along the axis line connecting
the center of the emitter and the center of the target electrode in the same direction as
the discharge. The radiation appeared to penetrate through different bodies without any
noticeable loss of energy. It acted on small interposed mobile objects like a repulsive
force field, with a force proportional to the mass of the objects. As the properties of this
radiation are similar to the properties of the gravity force, the observed phenomenon was
called a gravity impulse.

In order to investigate the interaction of this gravity impulse with various materials,
several tests were carried out, with pendulums and microphones, as described in the ex-
perimental part. The deflection of the pendulum was observed visually (see Fig. 5) and
the corresponding ∆l value was measured as a function of the discharge voltage. The cor-
relation between the discharge voltage and the corresponding deflection of the pendulum
as measured for two different emitters is listed in Tables 1, 2. Each value of ∆l that is
given in the table represents the average figure calculated from 12 discharges. A rubber
sphere with a weight of 18.5 grams was used as material of the pendulum for the data
listed in Tables 1, 2. The deflection caused an alteration in the potential energy of the
pendulum which was proportional to ∆h as shown in the table. A graphic illustration of
this dependence for two different emitters is given in Fig. 6.

Both emitters, N. 1 and N. 2, were manufactured using the same OCMTG technology,
but the thickness of the superconducting layer was equal to 4 mm for the emitter N. 1 and
8 mm for the emitter N. 2. Emitter N. 2 could be magnetized to a much higher value. The
thickness of the normal conducting layer has a smaller influence on the force of the gravity
impulse, but for better results the thickness should be bigger than 5 mm.

It was found that the force of the impact on pendulums made of different materials
does not depend on the material but is only proportional to the mass of the sample.
Pendulums of different mass demonstrated equal deflection at constant voltage. This was
proved by a large number of measurements using spherical samples of different mass and
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Table 2: Same for Emitter N. 1.

Voltage (kV ) ∆l (mm) ∆h (mm) Estimated ∆E (J · 10−4)
500 40.0 1.0 1.8
750 70.9 3.2 5.7
1000 85.3 4.6 8.3
1250 94.6 5.6 10.2
1500 100.8 6.4 11.6
1750 104.7 6.9 12.5
2000 107.1 7.2 13.1

diameter. The range of the employed test masses was between 10 and 50 grams. It was
also found that there exist certain deviations in the force of the gravity impulse within the
area of the projection of the emitter. These deviations (up to 12-15% max) were found to
be connected with the inhomogenities of the emitter material and various imperfections of
the crystals of the ceramic superconductor, and with the thickness of the interface between
superconducting and normal conducting layers.

Measurements of the impulse taken at close distance (3-6 m) from the installation
and at the distance of 150 m gave identical results, within the experimental errors. As
these two points of measurements were separated by a thick brick wall and by air, it is
possible to admit that the gravity impulse was not absorbed by the media, or the losses
were negligible.

The force “beam” obtained with the latest experimental set-up does not appear
to diverge and its borders are clear-cut. However, considerable efforts were necessary
in order to concentrate the radiation and reach a good reproducibility. As mentioned
above, the direction emission always coincides with the direction of the discharge. In the
initial experiments (with the Van den Graaf generator), the direction of the beam varied,
depending on the direction of the discharge, as the sparks moved to different points on the
superconducting sphere. Later it was found that the magnetic field created by the solenoid
wound around the chamber is able to concentrate the discharge and to direct it to the same
area on the superconducting electrode.

The bi-layered emitters used in this experiment were mainly of two types. The first
one was obtained after Stage 3 and had a structure typical for multiple-domain levitators
with well crystallized and oriented grains of the superconducting layer. The second type
was made by the material obtained after Stage 4 and consisted of densely packed non
oriented polycrystalline structure in both layers. The superconducting layer in both types
of emitters consisted of Y Ba2Cu3O7−y orthorhombic superconductor with lattice param-
eters a = 3.89Å, b = 11.69Å, c = 3.82Å. The addition of small amounts of CeO2 led
to an improvement in the magnetic flux pinning properties of the Y123 compound. The
emitter obtained by seeded MTG process had a superconducting layer with a maximum
trapped field of 0.5 T at 77 K and a critical current density in excess of 5 ·104 A/cm2. The
transition temperature varied from 87 to 90 K with a transition width of about 2 degrees.
The normal conducting layer had crystal lattice parameters close to those of the super-
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conductor: a = 3.88Å, b = 11.79Å, c = 3.82Å. Both layers demonstrated high electrical
conductivity (over 1.5 Sm) at room temperature and the Y1−xRexBa2Cu3O7−y layer was
a normal conductor above 20 K.

In general the emitters obtained by seeded OCMTG were much more efficient than
the sintered bi-layered emitters and allowed to obtain a much stronger radiation impulse,
contained by the projection of the emitter. The sintered bi-layered emitters had much lower
values of the trapped magnetic field and this yielded bigger energy dissipation and a weaker
gravity impulse. The only advantage of the sintered emitters is that a weak impulse effect is
always present, probably because the diffusion between the layers is limited. The emitters
with oriented crystal structure (after seeded MTG) can be easily spoiled if the interface
thickness between the two layers reaches a certain value, therefore the temperature and
time parameters should be monitored carefully in order to limit the interaction between
the two layers. It was found that the seeded crystal growth should be stopped before it
reaches the interface region.

It was also found that the gravity impulse was to some extent proportional to the
magnetic field inside the superconductor, which was created using a small solenoid during
cooling down to liquid nitrogen temperature. Therefore, at recent stages of the experiment
the solenoid was replaced by a powerful permanent NdFeB magnet (50 MOe) with a
diameter corresponding to the diameter of the emitter and a thickness of 20 mm. This
disk-shaped magnet was attached with one surface to the cooling tank and with another
surface to the ceramic emitter.

The response recorded by the microphone has the typical behavior of an ideal pulse
filtered by the impulse response of a physical low pass system with a bandwidth of about
16 kHz, attributed to the microphone (Fig. 7). In spite of the filtering, the relative energy
of the pulses can be measured as a function of the angle of the normal to the diaphragm
respect to the axis of propagation of the force.

Relative pulse amplitude with energies averaged over four pulses per angle are shown
in Fig. 8 and are in agreement with a possible manifestation of a vector force acting directly
on the membrane. No signal has been detected outside the impact region.

4 Discussion

(a) Capacitance of the emitter. Current at the discharge.

High voltage discharges like those described in Sections 2, 3 are well known in the
literature. They do not require pre-ionisation, provided the electric field between the
electrodes is sufficient to cause avalanche ionisation. However, the presence of a supercon-
ducting electrode causes some difference in the form and colour of the crown and of the
sparkle, with respect to discharges between normal electrodes.

We recall that for the maximum voltage (2 · 106 V ) the peak value of the current is
of the order of 104 A, and the duration of the discharge varies between 10−5 and 10−4 s.
This implies a total negative charge Q on the emitter, just before the discharge, up to 0.1
C. The associated electrostatic energy is U = QV/2 ∼ 105 J .
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If the emitter was made of a normal conductor, its capacitance could be at most
10−10 F (for an estimate one can consider the capacitance of a sphere, namely C ∼ 10−10 ·R
in SI units, where R is the radius). The above value for Q implies a much higher effective
capacitance, of the order of 10−7 F .

During the discharge an intense super-current flows from the superconducting elec-
trode towards the ionised gas. After the superconducting charge carriers leave the negative
electrode, pairs are broken and electrons are captured by the helium ions which are striking
the electrode. We thus have a peculiar kind of superconductor-normal junction. Another
junction is that between the superconducting emitter and the normal metallic plate.

From the theoretical point of view, these junctions can be described by Ginzburg-
Landau models without specific reference to the microscopic theory. A typical time scale
for the time-dependent Ginzburg-Landau equation in YBCO is of the order of 10−8 s [42],
much smaller than the discharge time. This suggests that a quasi-stationary approximation
could be adequate. The situation is however complicated by the following circumstances:

(1) In anisotropic materials like HTCs the Ginzburg-Landau equation involves an
order parameter with non-trivial symmetry and the pairs are thought to possess intrinsic
angular momentum.

(2) The transport current is very intense. In type-II superconductors, transport
currents are associated to non-reversible displacement of flux lines, and this effect in turn
depends strongly on the pinning properties of the material.

(3) The emitter is subjected to a strong external magnetic field during the discharge.

More efforts are therefore necessary, both on the experimental and theoretical side, for
a complete understanding of the state of the superconducting emitter during the discharge.

(b) Evidence of the gravitational-like nature of the effect.

The gravitational-like nature of the effect is best demonstrated by its independence
on the mass and composition of the targets (see Section 3). We are aware, of course, that
gravitational interactions of this kind are absolutely unusual (see Sections 4.1, 4.3). For
this reason, several details of the experimental apparatus were designed with the explicit
purpose of reducing spurious effects like mechanical and acoustic vibrations much below
the magnitude order of the observed anomalous forces.

Indirect evidence for a gravitational effect comes from the fact that any kind of
electromagnetic shielding is ineffective. Note that if one can explain in some way the
anomalous generation of a gravitational field in the superconductor, its undisturbed prop-
agation follows as a well-known property of gravity (see Section 4.2). Indirect support for
the gravitational hypothesis also comes from the partial similarity of this apparatus to that
employed by Podkletnov for the stationary weak gravitational shielding experiment [1].

If the effect is truly gravitational, then the acceleration of any test body on which
the impulse acts should be in principle independent on the mass of the body. Suppose that
l is the length of a detection pendulum and g is the local gravitational acceleration. Let
d be the half-amplitude of the oscillation. Let t be the duration of the impulse, and F its
strength. F has the dimensions of an acceleration (m/s2) and can be compared with g.
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One easily computes that the product of the strength of the impulse by its duration is

Ft =

√
2gl[1−

√
1 − (d/l)2] (1)

If d � l, this formula can be simplified, and we have approximately Ft ∼
√

(g/l)d = 2πd/T ,

where T is the period of the pendulum. With the data of Table 1, taking t = 10−4 s, one
finds F ∼ 103g.

Here, however, we encounter a conceptual difficulty. Suppose to place on the trajec-
tory of the beam a very massive pendulum (say, 103 Kg). If the effect is gravitational, then
the acceleration of a test mass should not depend on its mass. However, it is clear that in
order to give this mass the same oscillation amplitude of the small masses employed in the
experiment, a huge energy amount is necessary, which cannot be provided by the device.
Therefore the effect would seem to violate the equivalence principle. Considering the back-
reaction is probably necessary, namely the fact that the test mass exerts a reaction on the
source of the impulse. This reaction is negligible as long as we use small test masses.

(c) Anomalous features of the observed “radiation”.

Independently from any interpretation, the abnormal character of this radiation ap-
pears immediately clear. It appears to propagate through walls and metal plates without
noticeable absorption, but this is not due to a weak coupling with matter, because the
radiation acts with significant strength on the test masses free to move. Furthermore, this
radiation conveys an impulse which is certainly not related to the carried energy by the
usual dispersion relation E = p/c. A corresponding energy transfer to the test masses
is not in fact observed (unless one admits perfect reflection, which seems however very
unlikely).

The denomination “radiation” is actually unsuitable, and one could possibly envisage
an unknown quasi-static force field. In this way one could explain why an impulse is
transmitted to the test masses. However, it is hard to understand how such a field could
be so well focused.

4.1 A possible theoretical explanation. Basic concepts.

The following Sections contain an informal introduction to a theoretical model originally
developed by one of the authors [18, 19, 20, 21, 22] in order to explain the weak gravitational
shielding effect by HTC superconductors [1, 2]. We suggest that this theory may be a
starting point for the explanation of the impulsive gravitational-like forces described in the
present paper.

The quantum properties of the gravitational field play an essential role in this model.
These properties are not adequately known yet, therefore the proposed model is still in a
preliminary development phase and its predictive capabilities are quite limited. Its primary
merit is to envisage a new dynamic mechanism which could account for the effect. However,
a full theory which justifies the model does not exist so far. This should be, in fact, a theory
of the interaction between gravity (including its quantum aspects), and a particular state
of matter - that of a HTC superconductor - which in turn is not completely known.
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The glossary below 1 collects some keywords and their equivalent, also for a better
orientation in the cited works.

(a) Weakness of the standard coupling with gravity. Anomalous coupling.

The standard coupling of matter to gravity is obtained from the Einstein equations by
including the material part of the system into the energy-impulse tensor. Since the coupling
constant isG/c4, very large amounts of matter/energy, or at least large densities, are always
necessary in order to obtain gravitational effects of some importance. This holds also at
the quantum level, in weak field approximation. It is possible to quantize the gravitational
field by introducing quantum fluctuations with respect to a classical background, and then
calculate the graviton emission probabilities associated to transitions in atomic systems.
These always turn out to be extremely small, still because of the weakness of the coupling.

What we proved in our cited works is that a peculiar “anomalous” coupling mech-
anism exists, between gravity and matter in a macroscopic quantum state. In this state
matter is described by a collective wave function. Also in this state the energy-impulse of
matter couples to the gravitational field in the standard way prescribed by the equivalence
principle. However, the new idea is that besides this standard coupling there is another
effect, due to the interference of the Lagrangian L of coherent matter with the “natural”
vacuum energy term Λ/8πG which is present in the Einstein equations. The two quantities
have in fact the same tensorial form but possibly different sign, and it turns out that their
interference can lead to a dramatic enhancement of vacuum fluctuations.

(b) Contribution of a quantum condensate to the vacuum energy density.

It is well known that the “natural” vacuum energy, or cosmological term, is very
small. Until recently, it was thought to be exactly null. The most recent observations give
a value different from zero, but in any case very tiny [23, 47], of the order of 0.1 J/m3.
This is usually supposed to be relevant at cosmological level, in determining the curvature
and expansion rate of the universe on very large scales.

The observed value can be regarded as the residual of a complex interplay, in a still
unknown high energy sector of particle physics, between positive and negative vacuum
energy densities. According to [24], the observed residual should also be scale-dependent
and this dependence could appear most clearly at length scales corresponding to the mass
of the lightest particles like neutrinos or unidentified scalars.

1Cosmological term = vacuum energy density: see (b).
Lagrangian L = action density. Minimization of the action of a system gives its dynamical equations.
Quantum condensate in a superconductor: ensemble of the Cooper pairs, with collective wave function

ψGL (also called an “order parameter”) supposed to obey the Ginzburg-Landau (GL) equation. In the
non-relativistic limit, the Lagrangian density of the condensate is just the opposite of the GL free energy
density.

Zero-modes of the Einstein action = gravitational dipolar fluctuations: see (c).
Critical region: region of the condensate with positive Lagrangian density. According to the GL theory,

it can only exist for constant solutions of the GL equation or in the neighbourhood of a local relative
maximum of the Cooper pair density |ψGL|2. See (f).

Noise source = density matrix: a formal way to express the fact that inside a critical region the grav-
itational field undergoes strong dipolar fluctuations and therefore takes on at random values h2

i with
probability ξi. See (h), (i).
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In certain conditions, the action density of a Bose condensate in condensed matter
can be greater than the cosmological term, but it is nonetheless very small. Its effect on
the local space curvature is absolutely negligible.

(c) The gravitational zero modes and the polarization of the gravitational vac-
uum.

Why so do we think that the interference of these two terms, which are in any
case very small, can lead to some observable gravitational effect? Because we proved the
existence of gravitational field configurations in vacuum, for which the value of the pure
Einstein action (without the cosmological term) is exactly null, like for flat space. We called
these configurations “zero modes of the Einstein action”. At the quantum level, where
fluctuations are admitted with respect to flat space, they are free to grow unrestrained.
In a certain sense, the quantum space-time is unstable and has a natural tendency not to
stay in the flat state, but to fall into these configurations, with a definite probability. They
are virtual configurations, in the sense that they are permitted in the Feynman integral
describing the quantum theory. In the Feynman integral all the possible configurations are
admitted - not only those satisfying the field equations - each weighed with probability
equal to the exponential of its action divided by h̄. All these configurations (fluctuations)
take part in defining the state of the system.

The zero-modes of the Einstein action are in all the same as fields produced by
mass dipoles. In nature, mass dipoles do not exist as real sources. Nevertheless, the
dipolar fluctuations mathematically have such a form. Being vacuum fluctuations, they
are invariant under translations and Lorentz transformations, they are homogeneously
allocated in space and at all length scales. That is, the dipolar fluctuations correspond
to the fields produced by dipoles of various sizes, distributed in a uniform way. They can
only show their presence if, in some way, their homogeneity and uniformity are broken. We
are in presence of an analogue of the vacuum polarization in quantum electrodynamics. In
that case, virtual couples of electrons/positrons pop up in the vacuum, and then quickly
annihilate, generating uniform fluctuations. It is well known that these virtual processes
must be taken into account, because they affect, for instance, the bare charge of the particles
and their couplings. However, quantum corrections are, as a rule, very small in quantum
electrodynamics.

It is important to be aware that the gravitational dipolar fluctuations we are talking
about are neither the ordinary fluctuations of perturbation theory nor the well known
“spacetime foam” fluctuations, which appear in quantum gravity at very short distances.
Their nature is completely different. Although their intensity can be very large, they have
null action, thanks to the compensation of positive and negative curvature between adjacent
zones of space-time. The dipolar fluctuations are not zero-modes of the Lagrangian, but of
the action. Their existence is possible thanks to the fact that the gravitational Lagrangian
is not defined positive, unlike the Lagrangian of electromagnetic and gauge fields.

(d) The vacuum energy cuts the gravitational zero-modes to a certain level.

Let us go back to the cosmological term. One finds that it is related to the dipolar
fluctuations, because it sets an upper limit on their amplitude. The contribution of a
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dipolar fluctuation to the cosmological term is typically of the form [21]

∆S = ΛτMr2Q (2)

where natural units are used (h̄ = c = 1); τ is the duration of the fluctuation, M is the
order of magnitude of the virtual +/- masses, r their distance and Q is an adimensional
function which depends on the detailed form of the dipole. If ∆S � 1, then the fluctuation
is suppressed.

With an electromagnetic analogy (not to be pushed too far) we could then say that
the cosmological term sets the gravitational polarizability of free space. One expects that
in a full non-perturbative theory of quantum gravity the bare value of the gravitational
constant G should be renormalized by this effect. However, as long as the cosmological
term is uniform in space and time, there are no observable consequences. On the other
hand, if the vacuum energy density changes locally, this can have observable effects. In
particular, if there are positive local contributions which subtract from the natural density,
the result can be a local increase in the gravitational polarizability.

(e) The anomalous coupling is only active when the condensate is in certain
particular states.

Our model can also explain why only certain superconductors in certain conditions
show evidence of anomalous coupling with the gravitational field. The key point is not
simply the presence of a quantum condensate, nor the density of this condensate. In
fact, if this was the case, anomalous gravitational effects would be observed also with
low temperature superconductors, or with superfluids. But even in the static Podkletnov
experiment, only in certain conditions observable effects are obtained, and their intensity
is variable.

Therefore the presence of the condensate is not sufficient to cause the effect. What
are the necessary conditions? The anomalous contribution to the cosmological term is
given by the Lagrangian density of the condensate, according to the following equations.
Consider a scalar field φ interacting with gravity (we use units h̄ = c = 1; SI units will
be restored in eq. (12)). The interaction action is obtained from the energy-momentum
tensor:

L =
1

2
(∂αφ∂

αφ−m2|φ|2) (3)

Tµν = Πµ∂νφ− gµνL = ∂µφ
∗∂νφ− gµνL (4)

Sinteraction =
1

2

∫
d4x

√
g(x)T µν(x)hµν(x) (5)

To lowest order in hµν the interaction action can be rewritten as

Sinteraction =
1

2

∫
d4x (hµν∂

µφ∗∂νφ− TrhL) (6)

On the other hand, the cosmological term is (still to lowest order in hµν and expanding√
g = 1 + 1

2
Trh+ ...)

SΛ =
Λ

8πG

∫
d4x

(
1 +

1

2
Trh

)
(7)
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Therefore the sum of the two terms can be rewritten as

Sinteraction + SΛ =
1

2

∫
d4xhµν∂

µφ∗∂νφ+
1

2

∫
d4xTrh

(
Λ

8πG
− L

)
(8)

We see that to leading order the coupling of gravity to φ gives a typical source
term (hµν∂

µφ∗∂νφ) and subtracts from Λ the local density 8πGL(x). This separation is
arbitrary, but useful and reasonable if the Lagrangian density is such to affect locally the
“natural” cosmological term and change the spectrum of gravitational vacuum fluctuations
corresponding to virtual mass densities much larger than the real density of φ.

For example, suppose that φ represents a condensate with the density of ordinary
matter (∼ 1 g/cm3). At the scale r ∼ 10−4 cm, τ ∼ 10−4 s, with the observed value of
Λ, the upper bound on the virtual source density is ∼ 1017 g/cm3, which is much larger
than the real density. If L is comparable to Λ/8πG in some region, an inhomogeneity in
the cut-off mechanism of the dipolar fluctuations will follow, and this effect could exceed
by far the effects of the coupling (hµν∂

µφ∗∂νφ) to real matter.

The value of the Lagrangian depends on the state the condensate is in, and more
exactly on the macroscopic wave function ψGL of the Cooper pairs. The problem of finding
the wave function in given experimental conditions is still open. From the wave function
one can compute the Lagrangian, and then the local contribution of the superconductor
to the vacuum energy, and its ability to produce anomalous gravitational coupling.

(f) L subtracts from Λ only where the density |ψGL|2 has a local maximum.

The Lagrangian L in eq. (3) is the Klein-Gordon Lagrangian which describes a rel-
ativistic free scalar field. In order to relate it, in the low energy limit, to the Ginzburg-
Landau (GL) free energy of superconductors [25] one makes the standard transformation

ψKG(x) = eimtφ(x) (9)

where m is the Cooper pair mass. Then one turns to the GL wave function by re-
normalizing ψKG as follows

ψKG(x) =
√
mψGL(x) (10)

This normalization corresponds to the standard relation |ψGL(x)|2 = ρ(x), where ρ is the
density of Cooper pairs. Finally, the free Lagrangian is generalized by adding a quadratic
and a quartic interaction term and the minimal electromagnetic coupling. In this way one
finds

L = − 1

2m
| − i∇ψ + 2eAψ|2 − αψ∗ψ − 1

2
β(ψ∗ψ)2 (11)

This is the Lagrangian density to be inserted into eq. (8) as contribution to the vacuum
energy density. It is the opposite of the GL free energy density [?], as expected. For wave
functions which satisfy the wave equation derived from (11), the expression of L simplifies
to

L = − 1

2m

[
h̄2(∇ρ)2 + h̄2ρ∇2ρ−mβρ2

]
(12)

where h̄ has been re-introduced to allow for a better numerical estimate.
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We recall [26] that the α and β coefficients depend on the absolute temperature T .
The coefficient β is always positive and approximately constant near Tc; α is negative for
T < Tc and near Tc behaves like const.(T − Tc). The ratio between α and β is given
by the relation np = −α/β, where np is the average density of pairs in the material.
Finally, β is linked to the value of the Ginzburg-Landau parameter κ = λ/ξ by the relation
κ2 = m2β/(2µ0h̄

2e2). Two further important points which should be taken into account
are (i) the boundary conditions on ψGL at the superconductor/ normal conductor and
superconductor/ionized gas interfaces; (ii) the intrinsic anisotropy of HTC materials, which
actually also affects the form of the GL free energy.

The relative importance in eq. (12) of the terms with the gradients and the term
proportional to β depends on the length scale at which the variations of ψGL can occur.
If, as usual for Type II and HTC superconductors, this scale is of the order of 10−8 m or
less, the terms with the gradient dominate.

It is straightforward to check that the sign of L is negative, except for two types of
configurations:

(1) For the constant solutions of the Ginzburg-Landau equation in the absence of
external field, namely ρ(x) = np. The corresponding constant Lagrangian density is L1 =
1
2
βn2

p.

(2) For regions of the condensate where ρ∇2ρ is negative and greater, in absolute
value, than (∇ρ)2. It is straightforward to check that these are regions located around
local density maximums, or more generally about lines and surfaces where the first partial
derivatives of ρ are zero and the second derivatives are negative or null. The Lagrangian
density at a maximum is L2 ∼ 1

2m
ρ|ρ′′|. If the maximum is sharp, L can be much larger

than for constant solutions. Configurations of this kind are characteristic of solutions of
the Ginzburg-Landau equation with strong magnetic flux penetration [27].

Now we make some numerical estimates of L. Assuming for YBCO ρ ∼ 1027m−3,
ξ ∼ 10−9 m, κ ∼ 102, we obtain for the configurations (1) and (2) densities L1 ∼ 104J/m3

and L2 ∼ 107J/m3, respectively. With reference to our experiment we must explain, on
the basis of these figures, why anomalous coupling at the emitter takes place, but only at
the moment of the discharge and in presence of strong magnetic flux penetration.

We remind that the vacuum energy density acts as cut-off for the dipolars fluctuations,
so that their maximum amplitude A is inversely proportional to Λ. Therefore in presence
of a local contribution by the superconductor we have

A ∝ 1

|Λ/8πG − L| (13)

So an amplification of the fluctuations is possible when L has the same sign as Λ. From
the experimental observations it is clear that a negative value of L does not give the
necessary conditions. In fact, in that case anomalous coupling would be observed every
time there are strong density gradients in the superconducting material - which occurs
almost always. From this we obtain a first piece of information about the value of Λ at
atomic scale (otherwise unknown): it must be positive. Λ/8πG must furthermore be much
larger than L1, because a constant density does not give observable anomalous effects
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either. In conclusion, Λ/8πG must be larger than L2, and the amplitude A of the dipolar
fluctuations increases as the local value of L approaches it from below. 2

This can happen in presence of strong magnetic flux penetration (Point 2 above), but
that requisite is not sufficient: the presence of a strong transport current is also necessary.
In fact, with strong flux penetration, the density ρ is depressed. The current appears like
a means to obtain at once a large ρ and a large value of ρ′′ in correspondence of the max-
imums. Indeed, in inhomogeneous materials like HTCs, a very intense transport current
inevitably forces a large density in certain regions. In the case of the weak gravitational
shielding [1] the transport current is mostly due to the accelerated rotation of the disk [28].
In the present case it is due to the discharge.

(g) The anomalous coupling inside the condensate modifies the field also out-
side.

Summarizing, we can say that in particular conditions a quantum condensate is able
to modify locally the cosmological term of the gravitational action. In turn, the cosmologi-
cal term fixes the cut level of the dipolar fluctuations, and so the local gravitational vacuum
polarizability. Therefore an anomalous coupling of the condensate with the gravitational
field is observed. This coupling can be abnormally strong, due to the large amplitude of
the vacuum fluctuations. It is a kind of coupling that completely eludes the standard form
and so is not proportional, through the G/c4 constant, to the energy-impulse content of
the condensate.

The next question is: how is the gravitational field modified inside the condensate and
in its neighbourhood? In other words, let us suppose that the gravitational field displays
a much higher level of dipolar fluctuations in some regions of the condensate. What is
the consequence for the global behaviour of the field? For instance, with reference to the
static experiment, why is there a noticeable reduction of the terrestrial field above the disc?
We can say that in that case there is a big gravitational source - the earth - producing a
uniform field in the region of interest, according to the usual classical field equations. Into
these equations, however, we must also introduce a kind of “random source” located in the
condensate. This affects the field also outside.

(h) The modified field equation contains an arbitrary constant.

We have proposed to introduce into the gravitational field equations a term repre-
senting a random source located in the condensate. This procedure has some intrinsic
arbitrariness. The intensity of the source is arbitrary, too, and cannot be obtained from
the ratio between the energy density of the condensate and the “natural” vacuum energy
density. In fact, it is true that this ratio allows us to determine the maximum amplitude
of the dipolar fluctuations. However, the probability of these fluctuations, and so their
weight with respect to the external configurations, is still an unknown element of the the-
ory. We know that certain field configurations give a null contribution to the pure Einstein

2The density L2 can be compared with that obtainable for an electromagnetic field alone - which can
also be regarded as “coherent matter” in this context. The electromagnetic energy density is proportional
to (E2 + B2), but the action density is proportional to (E2 −B2), therefore only an electrostatic field has
the right sign. But even with a field strength of 3 · 106 V/m, one obtains a density of 100 J/m3, definitely
lower.
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action and can grow up without limit, and we can determine the cut-off amplitude due to
the intervention of the cosmological term; however, the probability that these fluctuations
really happen is a feature of the quantum theory, which is not known yet. In principle, it
would be possible to write a functional integral containing all the involved fields, the test
masses etc., evaluate it and obtain everything. In practice, what we can do with such an
integral is only a weak field expansion about the minimum of the action.

In conclusion, if we represent the gravitational fluctuations in the quantum conden-
sate as a random source, the intensity of this source must be inserted as a parameter which
is fixed “a posteriori” from the experimental data. This should not be unexpected. The
experimental observations described in this work are absolutely new and unprecedented.
They inform us about a sector of the theory which is otherwise unknown. The validity of
our model consists of suggesting a new interaction process, while avoiding contradictions
with known facts, and while giving the freedom to fix a new coupling constant.

(i) The modified field equation must be able to describe the observed phe-
nomenology.

After modelling the effect of the fluctuations on the external field (for instance, as
random source with a certain strength), we are able to verify the consistency and correctness
of the procedure by calculating this field and comparing the result to the data - not only as
intensity but also as shape. For instance, we know that in the static experiment a “shielding
cylinder” was observed which extended far above the superconducting disc and showed net
borders, without diffraction. Obtaining this characteristic from the field equations modified
by the anomalous coupling is all but trivial. The observed field configuration is furthermore
clearly not conservative. (This can be understood remembering that there is a source term
in the equation.) Nonetheless, we succeeded in [20] in obtaining a result of this kind (see
also [29]).

(j) Euclidean and Lorentzian formulation of the anomalous coupling and of the
modified action.

From the technical point of view, the general program outlined above has been im-
plemented in the Euclidean (or imaginary-time) version of quantum gravity [18, 19, 20],
and more recently in the standard Lorentzian version [21].

The occurrence of the dipolar fluctuations and the cut-off role of the vacuum energy
density are most clearly and safely exhibited in the Lorentzian formalism. On the other
hand, the Euclidean formulation is reliable and more suitable for perturbative calculations
of the modified field equations.

The Lorentzian formulation is indispensable for the latest developments (calculation
of the low-energy limit of L and determination of its sign as a function of ρ).

4.2 Possible interpretation of the gravitational-like impulse at
the discharge

We focus now our attention on the new, puzzling effects described in the experimental part
of this paper, and partially analysed at the beginning of this Section. We cannot offer any
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quantitative interpretation of these effects yet, so we shall limit ourselves to an hypothesis
based on our previous work on the static effect.

(a) From the static to the transient effect: the virtual dipoles emit virtual
radiation.

We have seen that the observed impulse can neither be described as a real radia-
tion, nor as a quasi-static field. These are the two types of field configurations which are
predicted by any classical theory.

However, we also saw that the weak gravitational shielding effect can be explained
introducing the concept of anomalous dipolar quantum fluctuations induced by the con-
densate. These fluctuations locally increase to observable levels the gravitational vacuum
polarizability.

In the transient case, the virtual dipolar fields are rapidly varying in time, because
the critical conditions in the quantum condensate are produced only for a short time at
the discharge. Therefore it is natural to expect that in this case the formation of virtual
dipoles is accompanied by the emission of virtual dipolar radiation.

(b) In quantum mechanics every interaction is equivalent to an exchange of
virtual radiation.

Let us recall the concept of “virtual radiation” as intermediate state of a quantum
process. In quantum mechanics, every interaction is thought to take place through the
exchange of virtual particles - photons, gauge bosons, gravitons. This is especially clear in
scattering processes, but also the static interaction potential can be written as an integral
over time and four-momentum of the propagator of a mediating virtual particle [30]. In
this integral, all values of energy-momentum are included, not only the “on-shell” values
satisfying the condition E = p/c which is typical of real photons and gravitons. This
is possible just because the mediating particles are virtual, i.e. so short-living that the
Heisenberg principle allows for a large indetermination in their energy. In fact, the static
force obtained as a sum of virtual processes is very different from the effect of a collection
of free photons or gravitons.

It is also possible to compute along these lines the quantum corrections to the classical
force. To this end, one includes in the sum some less probable processes, involving the
exchange of several mediating particles at the same time, or the creation-annihilation of
virtual pairs, and so on.

(c) The impulse at the discharge is made of off-shell gravitons.

In order to explain the weak gravitational shielding effect we hypothesised an anoma-
lous strong quantum correction to the field of the earth. In the transient case, on the other
hand, all the emitted “radiation” should be regarded as a quantum effect. The observed
impulsive force could be the effect of virtual processes in which:

1. The intense supercurrent flowing across the superconducting cathode produces
critical gravitational regions, with strong dipolar vacuum fluctuations. The necessary con-
ditions are those discussed in Section (4.1-f).
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2. These fluctuations emit a beam of virtual off-shell gravitons with E � p/c. The
direction of the beam is sharply defined by momentum conservation. Whatever the exact
microscopic mechanism, the momentum carried by the virtual radiation can only originate
from that of the Cooper pairs entering the critical regions, i.e. from the momentum of the
supercurrent. This is in agreement with the fact that if the impact direction of the discharge
changes (like in the earlier set-up, see 3), also the direction of the emitted radiation changes.

3. When the beam hits a mobile target, it conveys an impulse to this target. Like
for usual gravitational forces (which can also be interpretated as graviton exchange, as
mentioned), interposed bodies do not affect transmission.

4.3 Known effects which could be connected to the observed

phenomenon.

The following concepts are often quoted to explain anomalous gravitational effects. So
we summarise them quickly, even though in our case they do not fit to the observed
phenomenology.

We recall that several alternative theories were proposed, in the last decades, in the
attempt to “explain” and give a physical basis to spacetime and vacuum. Every one of
these, to be credible, must first of all reproduce the known results of general relativity and
quantum field theory. Notable examples are theories of “induced” gravity according to
Sakharov’s idea [31], and string theory. It is not easy to judge if anyone of these theories
can also predict, in addition, unusual effects in the presence of superconductors. Some are
not developed enough to give a definite answer. Many have been proposed recently, still
their authors did not envisage any anomalous coupling to matter in a macroscopic quantum
state. In general, if the coupling of gravity to matter conforms to the classical Einstein
equations, then the intensity of any generated gravitational field will depend only on the
energy-momentum of the source multiplied by G/c4, so there is no chance for anomalous
effects. A notable exception could be torsion theory, which predicts a coupling to quantum
spin not allowed in the Einstein equations; however, as we shall see below, there are strict
experimental limits on the coupling of matter to torsion. Another possibility is to consider
strong quantum effects, as done in Section 4.2; in that case, we chose to start from the
standard form of the classical theory.

(a) The gravitomagnetic field

Could the observed anomalous forces be due to the fact that the superconductor
produces during the discharge a strong gravitomagnetic field? It is well known from general
relativity that the gravitational field contains components of magnetic type, called the
gravitomagnetic field. These components have the property to be produced by moving
objects and to act on objects in movement. It is possible to write the Einstein field
equations in weak field approximation in a form very similar to that of Maxwell equations.
The important difference, with respect to the Maxwell equations for electromagnetism, is
that gravitomagnetic effects are suppressed by factors 1/c or 1/c2. So they are always
very small with respect to “gravitoelectric” effects - those which have a Newtonian limit.
See for instance [32, 33]; in these references an analysis of the Maxwell equations for
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gravity and also of the “Gravity Probe B gyroscope experiment” for detecting the Earth’s
gravitomagnetic field is given.

In certain conditions the gravitomagnetic field can be repulsive. In neutrons stars it
can produce a gravitational analogue of the Meissner effect. As one would expect, however,
the “gravitational Meissner effect” is exceedingly weak: for instance, it has been computed
that in a neutron star with a density of the order of 1014 g/cm3, the London penetration
depth is ca. 12 km [34]. In the 1970s experiments were done to detect possible weight
decreases of a rotor while it was rotating at very high speed [35], but conclusive results
were never obtained.

(b) Gravitomagnetism and quantum spin

The aspects of the theory of quantum gravity concerning the spin are summarized,
for instance, in [36]. In previous work [37] O’Connell examined the implications arising
from the fact that spin contributions to the gravitational potential are as large as the spin-
independent contributions for interparticle separations of the order of Compton length and
also that such spin-dependent forces could be repulsive for certain spin orientations. An
analysis was also carried out of the possibility of measuring gravitational spin-dependent
forces in the laboratory [38]. An idea of one such experiment, as proposed in [39], is to
observe a breaking of the equilibrium of a polarized body, hanging in the gravitational
field, when its polarized state is destroyed. This effect, if present, is predicted to be
extremely small. (See also the results by Ritter et al. [40].) Claims like those by Wallace of
“antigravity” forces produced by spin orientation in nuclei [41] appear as totally unreliable
today.

(c) The works by Ning Li and Torr

In a series of articles Ning Li and Torr [6] calculated the gravitomagnetic field which
would be produced by a superconductor containing circulating supercorrents. According
to them, in this case also the movement of the ions, which produce a current of mass, has
particular importance. Also the fact that spin alignment is present would be very impor-
tant. The alignment of the spin of the lattice ions would be a source of gravitomagnetic
field. The objections to this model are of two types. First, the total spin amount that
is possible to obtain in normal condensed matter is always very small, also in presence of
alignment. Therefore, given the weak coupling with the gravitomagnetic field, one does not
understand how it could reach detectable intensity. Another objection is of more technical
nature. Ning Li and Torr use the Maxwell equations for gravity, which hold in weak field
approximation. However, when they find that some terms of these equations “explode”,
they keep this result even if it is inconsistent with the initial approximation.

Previously to the first Podkletnov experiment [1] and without reference to it, Ning
Li and Torr determined another consequence of their model [7]. Not only the alignment of
the spin of the lattice ions would produce a gravitomagnetic field, but in the presence of an
outside applied time-dependent vector potential, this would be converted into a perceptible
gravitoelectric field. Such a conversion is necessary, if one wants to apply this theory to
the weak gravitational shielding, because in that case the test bodies are at rest, and so
they would not respond to a gravitomagnetic field. However, this is in contrast with the
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short-lived permanence of the effect also after all the outside fields are turned off. At last,
we notice that Ning Li and Torr never published a work in which they try to interpret the
phenomenology of the effect in terms of their model nor to explain why it is observed only
with certain types of superconductors.

(d) Other models connected to gravitomagnetism

There have been proposals of alternative interpretations of gravitomagnetism in con-
nection with the Mach principle [45]. In this context, the gravitomagnetic phenomena
would achieve a greater importance. Still with reference to a Machian theory, Woodard
claims to have experimentally obtained some transient fluctuations in the inertial mass of
a capacitor [46]. However we will not be concerned here with these approaches, which to
a large extent remained at a subjective level.

Recently Ummarino [42] tried to establish a link between the Podkletnov effect and
the gravitomagnetic and gravitoelectric field, following a more standard approach, con-
nected with the Ginzburg-Landau theory for superconductors.

(e) Theories with torsion

We now come to the theories of gravity with torsion. Could the observed phenomenol-
ogy, not understandable in general relativity, be related to the existence of a torsion field?
Let us first recall how the concept of torsion was born: from the idea of considering the
connection (which in the metric formalism is simply a quantity derived from the metric
and is symmetric with respect to a couple of indexes) like an independent quantity, with
its own dynamics and, generally, not symmetric. Torsion theory is an extension of general
relativity, which was investigated in great detail in the past. It is necessary in fact in order
to introduce the interaction of the gravitational field with the quantum spin, and allows to
connect general relativity to the usual gauge theories. After admitting the possibility of the
existence of torsion, its features (for instance, its propagation), do not descend from first
principles or from the geometrical structure of the theory, but from the form of the various
possible terms in the action and from coupling constants fixed on the basis of experimental
observations. Over the years a large amount of experimental data have been accumulated,
which place strong limits on the couplings.

A picture of the current situation is for instance presented by Carroll and Field [43].
What is concluded is that the possible existence of the torsion can be of interest at the
level of gravitational interactions at very short distances (Planck scale), but not at the
level of laboratory experiments.

In their work Carroll and Field discuss possible actions for torsion and its interaction
with matter fields like those of the standard model of particle physics. They construct
a free Lagrangian from powers and derivatives of the torsion, and couple it “minimally”
to matter through the covariant derivative. They find that there is only a small range of
models possible without placing arbitrary restrictions on the dynamics. In these models
only a single mode interacts with matter, either a massive scalar or a massive spin-1
field, and each mode is parameterised by two constants with the dimension of mass. They
concentrate on the scalar theory, which is related to several proposals found in the literature
and discuss what regions of parameter space are excluded by laboratory and astrophysical
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data. Carroll and Field find that a reasonable expectation would be for each of the two
mass parameters to be of the order of the Planck scale; such a choice is a safe distance away
from the regions excluded by experiment. They conclude that, while there are reasons to
expect that the torsion degrees of freedom exist as propagating fields, there is no reason
to expect any observable signature from torsion.

Other “not orthodox” points of view are represented in literature [44]. But even
though theories of torsion exist since a long time, no attempts to explain the phenomenology
of the Podkletnov effect were ever presented.

(f) The value of G and the measurements at short distances

The fundamental characteristics of the gravitational interaction keep on being a very
alive and interesting research field. We do not mean by this the consequences of gravity on
the structure of the universe, and so the applications of general relativity to black holes, as-
trophysics etc.; we mean the basic features of the force, including the issue whether general
relativity is an adequate and complete description of it. We recall that only two predictions
of general relativity have not been verified yet, namely the existence of gravitational waves
and of gravitomagnetic fields. There are furthermore several current experiments to detect
possible violations of the equivalence principle. Up to now no contradiction has ever been
observed with respect to the predictions of general relativity [47].

The precision with which the value of G is known is clearly unsatisfactory compared
to the precision with which the other fundamental physical constants are known. This
is also due to the fact that while the definition of the other fundamental constants relies
on microscopic experiments performed with high precision devices, for the G constant it
is necessary to use more or less sophisticated versions of the Cavendish experiment. In
particular, we do not know the behaviour of gravity at short distances (millimeters or
less). According to Gillies [48], in the second half of 1900 more measurements of G were
made than ever before. Some discrepancies were observed in recent times with respect to
the best official value fixed in 1982.

The value of G has been called into question by new measurements from respected
research teams in Germany, New Zealand, and Russia [49]. The new values disagree wildly.
For example, a team from the German Institute of Standards obtained a value for G that is
0.6% larger than the accepted value; a group from the University of Wuppertal in Germany
found a value that is 0.06% lower and one at the Measurement Standards Laboratory of
New Zealand measured a value that is 0.1% lower. The Russian group found a space
and time variation of G of up to 0.7%. The collection of these new results suggests that
the uncertainty in G could be much larger than originally thought. This controversy has
spurred several efforts to make a more reliable measurement of G.

A recent theoretical prediction suggests that gravity penetrates extra, compact di-
mensions so that the gravitational inverse square law must be modified at short ranges
(less than 1 mm). Arkani-Hamed, Dimopoulos, and Dvali [50], have offered this as an
explanation of the hierarchy problem. A team at the university of Washington is doing
new measurements in order to check this, but results are negative up to now [51].

(g) The anomalous acceleration of the Pioneer and scalar-tensor theories
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Let us now pass from the shortest distances at which it is possible to observe grav-
itational interactions in the laboratory, to the largest. Surprising results were obtained
recently by the observation of the motion of the Pioneer space probes [53]. Direct mea-
surements are possible thanks to the radio signals transmitted by the spacecrafts, which
give precise information about their position, speed and acceleration. From the analysis of
the data a residual acceleration was found, not explainable through the usual orbit tracking
models. Some proposals for a theoretical explanation of the phenomenon were presented.
One of these [54] calls for the existence, in addition to Einstein’s gravitational field, of a
scalar field which, supposed it has certain properties, could lead to the observed effect.
This field could also be responsible for the rotation anomalies observed in the galaxies,
because it gives a modification of the behaviour of gravity at large distances. The cited
model belongs in practice to a wide group of extensions of the standard theory of gravi-
tation [52], which originate from the Brans-Dicke model and in more recent times refer to
string theory and to the so-called dilaton field.

(h) Gravitational anomalies at solar eclipses

There is a long history of claims of possible anomalous changes of gravity during sun
eclipses. These would be different from tidal changes, which are well known and calculable
with precision, and could show that some kind of shielding of the solar attraction by the
moon exists, at the moment when it steps in between the earth and the sun. The data,
however, are quite contradictory [55].

The original experiments by Allais, in which the change of the oscillation period of
a pendulum was observed, seemed to imply a decrease in g of about 1/100 of the solar
gravity. The consequence would be an apparent increase of the terrestrial attraction of
about one part in a million. During the eclipse of 2000 a net of observers with pendulums
and gravimeters was organised by initiative of the NASA, in order to observe possible
changes; the definitive results are not available yet. A work was published in 2000 by a
Chinese team, with reference to the eclipse of 1997 [56], in which data measured with a
high precision gravimeter are reported. Also in this case, some anomalies were observed
at the eclipse, but with features very different from those reported before. There is a
noticeable decrease of the terrestrial attraction, that is, an apparent anti-screening of the
solar gravity. The shielding factor is much smaller than the one declared by Allais, and the
time sequence rather strange, with maxima at the beginning and the end of the darkness
period.

It is important to remember that other experiments clearly exclude any shielding of
gravitation of the so-called “Majorana” type (these phenomena were first investigate by
Majorana at the beginning of 1900) [57]. Besides, one would expect a possible shielding
effect by the moon to have an analogue for artificial satellites, namely a shielding of solar
gravity when the satellite enters the shadow of the earth. Anomalies of this type were
actually reported [58], though they are very difficult to confirm, because the irregularities
which affects the motion of the artificial satellites are numerous, especially when they are
close to the surface of the earth.

(i) Weak gravitational shielding by superconductors
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In this variegated field of investigations on possible gravitational anomalies, the work
by E. Podkletnov stands out, originally appeared in 1992 [1], then in improved version in
1995 [2]. It describes possible gravitational anomalies caused by HTC superconductors.
The observed anomalies reached a maximum of about 2% of g, in transient situations,
and 0.3-0.5% of g in almost stationary form. These anomalies were produced by means of
discs with multiple layers, rotating at high speed, in very particular conditions, which still
have not been completely duplicated. A NASA team already produced a first simplified
reproduction of the experiment in 1997 [3], and a new version should start giving some
data this year. Besides the remarkable experimental difficulties, the results are puzzling
under the theoretical point of view. In fact, the strength of the anomalies is very large with
respect to what has been previously observed, and no sufficiently complete theory exists,
which can explain this kind of phenomena (see Section 4.1). Here in fact both gravitation
is called into play, of which a complete quantum theory does not exist, and typically
quantum phenomena (behaviour of the macroscopic wave functions in superconductors).
Furthermore, not conventional superconductors are involved, but HTC superconductors,
for which several issues are still unsettled, like the pairing mechanism etc.

(j) Terahertz radiation emission by HTC superconductors

A new type of terahertz radiation was discovered by Japanese scientists by irradi-
ating HTC superconductive films with femtosecond laser pulses [59, 60]. The radiation
mechanism is thought to be connected with the ultrafast supercurrent modulation by the
laser pulses, which induces nonequilibrium superconductivity. The principal design of the
experimental installation has some common features with our gravity impulse generator
and the behavior of the superconducting crystallized materials might have a similar origin.

5 Conclusions

The experimental apparatus has shown that an impulse of gravitational-like force freely
propagating through different physical media can be generated by a dual layered YBCO
HTSC under pulsed electric current. The impulse propagates parallel to the direction of
the discharge and orthogonal to the surface of the HTSC. The intensity of the impulse has
been found to increase with increasing discharge energy, and to depend on the chemical
composition and structure of the HTSC and on its internal magnetic state. In a typical
measurement, the mechanical energy imparted by the impulse to a pendulum of mass 18.5 g
was between 4 · 10−4 J and 23 · 10−4 J (Table 1).

From the theoretical point of view, we understand the effect as the result of an
anomalous interaction between a special class of gravitational vacuum fluctuations and
the macroscopic wave function of the superconductor. This interaction is locally activated
when the product of the pairs density ρ and its second derivative ρ′′ is sufficiently large.
The sign of ρ′′ must furthermore be positive. These conditions can be satisfied in the
presence of intense transport current and magnetic flux penetration.

Attempts of scientists to control gravity have been present for a long time and in the
future these efforts will almost certainly become more prominent. Albert Einstein spent the
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last years of his life trying to integrate gravity with the other laws of physics and the entire
scientific community remains intrigued with the problem of gravity ever since. However,
since our knowledge of gravity is poor in comparison to that of the other fundamental
forces, we are unable to control it in any fundamental way. We are therefore left with
the option of carrying out experiments based on new theories, on scientific intuition and
careful analysis of previous results. This work indicates that a kind of artificial gravity
can be generated using the unique properties of superconducting ceramic materials and a
combination of electric and magnetic forces.
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[24] I.L. Shapiro and J. Solà, On the scaling behavior of the cosmological constant and the
possible existence of new forces and new light degrees of freedom, Phys. Lett. B 475
(2000) 236; Scaling behavior of the cosmological constant: interface between quantum
field theory and cosmology, report UAB-FT-490, hep-th/0012227.

[25] G. Modanese, Local contribution of a quantum condensate to the vacuum energy den-
sity, report gr-qc/0107073.

[26] J. Waldram, “Superconductivity of metals and cuprates”, IoP, London, 1996.

[27] D.R. Tilley and J. Tilley, “Superfluidity and superconductivity”, IoP, Bristol, 1990.

[28] G. Modanese, The London field in bulk layered superconductors, report cond-
mat/9909441.

[29] G. Modanese, Gravitational anomalies by HTC superconductors: a 1999 theoretical
status report, report physics/9901011.

[30] For the gravitational case: G. Modanese, Potential energy in quantum gravity, Nucl.
Phys. B 434 (1995) 697. For the other cases: K. Symanzik, Comm. Math. Phys. 16
(1970) 48.

[31] For a recent account and references see C. Barcelo, S. Liberati and M. Visser, Analog
gravity from field theory normal modes?, report gr-qc/0104001.

[32] B. Mashhoon, H. Young Paik and C. Will, Detection of the gravitomagnetic field using
an orbiting superconducting gradiometer; theoretical principles, Phys. Rev. D 39, 2825
(1989).

[33] I. Ciufolini and J. Wheeler, “Gravitation and Inertia”, Princeton Series in Physics,
Princeton university press, 1995, Cap. 6.

[34] R.P. Lano, Gravitational Meissner effect, report U.ofIowa 96-4, March 1996.

[35] H. Hayasaka and S. Takeuchi, Phys. Rev. Lett. 63 (1989) 2701.

[36] B. M. Barker and R. F. O’Connell, The gravitational interaction: spin, rotation and
quantum effects - A review, Gen. Rel. Grav. 11 (1979) 149.

29



[37] R. F. O’Connell, Phys. Lett. A 32 (1970) 402.

[38] R. F. O’Connell and S. N. Rasband, Nature Phys. Sci. 232 (1971) 193.

[39] A. Peres, Phys. Rev. D 18 (1978) 2739. See also Y. N. Obukhov, Spin, gravity, and
inertia, report gr-qc/0012102.

[40] R. C. Ritter, L. I. Winkler, and G. T. Gillies, Search for anomalous spin-dependent
forces with a polarized-mass torsion pendulum, Phys. Rev. Lett. 70 (1993) 701.

[41] H. Wallace, Method and apparatus for generating a secondary gravitational force field,
US Patent N. 3626605 (1971).

[42] G. A. Ummarino, Possible alterations of the gravitational field in a superconductor,
report cond-mat/0010399.

[43] S. M. Carroll and G. B. Field, Consequences of propagating torsion in connection-
dynamic theories of gravity, Phys. Rev. D 50 (1994) 3867.

[44] A. Ye. Akimov and V. Ya. Tarasenko, Models of polarization states of the physical
vacuum and torsion fields, Izd. Vuzov. Fizika, 1992, Nov. 3, pp. 13-23. See also on the
Web: http://www.amasci.com/freenrg/tors/doc17.html.

[45] K. Nordtvedt, Int. J. Theor. Phys. 27 (1988) 1395.

[46] J. F. Woodward, Laboratory test of Mach’s principle and strong-field relativistic grav-
ity, Found. Phys. Lett. 9 (1996) 247, and references.

[47] D.E. Groom et al. (Particle Data Group), Review of particle physics, Eur. Phys. J. C
15 (2000); http://pdg.lbl.gov.

[48] G. T. Gillies, The Newtonian gravitational constant: recent measurements and related
studies, Rep. Prog. Phys. 60 (1997) 151-225.

[49] W. Michaelis, H. Haars, and R. Augustin, Metrologia 32, 267 (1995). M. Fitzgerald
and T. R. Armstrong, IEEE Trans. on Inst. and Meas. 44, 494 (1995). H. Walesch,
H. Meyer, H. Piehl, and J. Schurr, IEEE Trans. on Inst. and Meas. 44, 491 (1995).
V.P. Izmailov, O.V. Karagioz, V.A. Kuznetsov, V.N. Mel’nikov, and A.E. Roslyakov,
Measurement Techniques 36, 1065 (1993).

[50] N. Arkani-Hamed, S. Dimopoulos, G. Dvali, The Hierarchy Problem and New Dimen-
sions at a Millimeter, Phys.Lett. B429 (1998) 263-272.

[51] C.D. Hoyle, U. Schmidt, B.R. Heckel, E.G. Adelberger, J.H. Gundlach, D.J. Kapner,
and H.E. Swanson, Submillimeter Tests of the Gravitational Inverse-Square Law: A
Search for “Large” Extra Dimensions, Phys. Rev. Lett. (to be published).

[52] D. La and P. J. Steinhardt, Phys. Rev. Lett. 62 (1989) 376 for status and references
on scalar-tensor gravitational theories. See also S. Calchi Novati, S. Capozziello and
G. Lambiase, Newtonian limit of induced gravity, report astro-ph/0005104.

30



[53] J.D. Anderson at al., Phys. Rev. Lett. 81 (1998) 2858; Study of the anomalous accel-
eration of Pioneer 10 and 11, report gr-qc/0104064.

[54] J.P. Mbelek and M. Lachieze-Rey, report gr-qc/9910105.

[55] T. Kuusela, New measurements with a torsion pendulum during the solar eclipse, Gen-
eral Relativity and Gravitation, 4, 543-550, 1992. D. C. Mishra, M. B. S. Vyaghreswara
Rao, Temporal variation in gravity field during solar eclipse on 24 October 1995, Cur-
rent Science, 72(11), 782-783, 1997. L. A. Savrov, Experiment with paraconic pendu-
lums during the November 3, 1994 solar eclipse in Brazil, Measurement Techniques,
40 (6), 511-516, 1997. And references.

[56] Qian-shen Wang et al., Precise measurement of gravity variations during a total solar
eclipse, Phys. Rev. D 62 (2000) 041101. C.S. Unnikrishnan, A. K. Mohapatra, G.T.
Gillies, Anomalous gravity data during the 1997 total solar eclipse do not support the
hypothesis of gravitational shielding, Phys. Rev. D 63 (2001) 062002.

[57] New limits on the gravitational Majorana screening from the Zurich G experiment,
C.S. Unnikrishnan, G.T. Gillies, Phys. Rev. D61 (2000) 101101

[58] T. Van Flandern, Possible new properties of gravity, Astrophys. Space Sci. 244 (1996)
249, and ref.s.

[59] M. Tonouchi, M. Tani, Z. Wang, K. Sakai, N. Wada, M. Hangyo, Novel Terahertz
Radiation from Flux-Trapped Y Ba2Cu3O7−δ thin Films Excited by Femtosecond Laser
Pulses, Jpn. J. Appl. Phys. Vol. 36 (1997) pp. L93-L95.

[60] M. Hangyo, S. Tomozawa, Y. Murakami, M. Tonouchi, M. Tani, Z. Wang, K. Sakai, S.
Nakashima, Terahertz radiation from superconducting Y Ba2Cu3O7−δ thin films excited
by femtosecond optical pulses, Appl. Phys. Lett. 69 (14), (1996), pp. 2122-2124

31



Figure Captions

Fig.1 Initial setup of the impulse gravity generator.

Fig.2 Improved variant of the impulse gravity generator.

Fig.3 Discharge chamber of the impulse gravity generator.

Fig.4 Arkadjev-Marx high-voltage pulse generator.

Fig.5 Pendulum in a glass cylinder under vacuum. (The actual cylinder is wide enough to
allow a complete oscillation.)

Fig.6 Correlation between the voltage discharge and the deflection of the pendulum.

Fig.7 Impulse recorded by the microphone at a 67 deg. impact angle. Time scale is
sampling periods at fs = 44.1 kHz. There is a 50 Hz noise due to power grid. The signal
is unfiltered.

Fig.8. Relative pulse impulse versus impact angle.
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ABSTRACT

In this paper, we formulate a percent mass change equation based on Woodward's transient

mass shift and the Cavendish balance equations applied to superconductor Josephson junctions.

A correction to the transient mass shift equation is presented due to the emission of the mass

energy from the superconductor. The percentage of mass change predicted by the equation was

estimated against the maximum percent mass change reported by Podkletnov in his gravity

shielding experiments. An experiment is then discussed, which could shed light on the transient

mass shift near superconductor and verify the corrected gravitational potential.

INTRODUCTION

Eugene Podkletnov has reported that a gravity shielding effect was seen above a YBCO

superconductor being rotated by a magnetic field and irradiated by RF energy. I11 The mechanism

for this phenomenon is as debatable as the test itself. Independent of Podkletnov and about the

same time, Torr and Li published several papers on the possible connection between gravity and

superconductors. I2-41 These papers suggest that the gravity mechanism arise from the spin of the

lattice ions aligned by an applied magnetic field. In 1995, Becker a student of Torr, showed

mathematically that a significant size gravito-magnetic field could exist along with a magnetic

field.whenever there is flux pinning or other forms of flux trapping in a type II superconductor. [sl

Modanese, a close contact to Podkletnov, has presented a theoretical model from Podkletnov's

experimental results. [61. The model, which is based on the "anomalous" coupling between Bose

condensate and the gravitational field, suggests that the essential ingredient for the shielding is

the presence of strong variations or fluctuations of the Cooper pair density in the disk.

The behavior of the Bose condensate of Cooper pairs within superconducting materials in an

external gravitational field has been the subject of some study in the past. I71 M. Casas, etal,

recently suggested that Cooper pairs lead to Bose condensation at temperatures substantially

greater than those of the BCS theory of superconductivity. [81 In an unpublished paper presented

to the author for review, Noever and Bremner suggest such a connection by indicating that

superconductors could modulate the background quantum ZPF. [91 Stirniman presents a related

historical overview leading up to gravity's relationship to the superconductor. II°l Other papers

have even suggested a connection between gravity and electrons. [l 1,121

In this paper, it is suggested that a combination of flux pinning and Cooper pair fluctuating

across Josephson junctions produce a mass change about the superconductor. An equation for

the mass energy produced across the Josephson junctions and an equation for the percentage of

mass change is derived from Woodward's transient mass shift equation. {i31 A correction to the

gravitational potential Woodward used in the equation is presented. The correction implies the

emission of mass energy from the superconductor. The percentage of mass change predicted by

this equation was estimated against the maximum percent mass change reported by Podkletnov

in his gravity shielding experiments. An experiment is then discussed, which could shed light on

the transient mass shift near superconductor and verify the corrected gravitational potential.
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BACKGROUND

Of what is known of the type II, YBCO superconductor disk used in the Podkletnov

experiments; it seems certain that a large number of superconductor-oxide-superconductor

Josephson junctions exist within the disk. In the general sense, Josephson junctions are very

small capacitors with the electrodes composed of superconductor material and the dielectric

composed of an oxide layer. [14' pg 196-286] Unlike normal capacitors, Josephson junctions exhibit a

unique property. They radiate RF energy when traversed by a current and generate a current

when radiated with RF energy. This would indicate a fluctuation of energy across the junction.

With this in mind, it must be noted that the procedure for making the superconductor disk,

including the pressing and sintering of varying size SC grains, produces a structure having many

flux pinning sites around which exist the Josephson junctions. Flux pinning is a well-known

phenomenon associated with Type II superconductors where magnetic flux is trapped inside a

superconductor. Flux pinning results from any spatial inhomogeneity of the material, such as

impurities, grain boundaries, voids, etc. To be most effective, these inhomogeneities must be on

the scale of the order of the penetration depth or the coherence length, i.e. -10 .6 to 1 04 cm, rather

than on the atomic scale where inhomogeneity causes electronic scattering which limits the mean

free path. I14' pg 166] This so happens to be in the range of the size superconductor powders used to

make Podkletnov's disks.

In order for the magnetic flux to remain trapped, a current loop forms around the holes

created by the superconductor particles. It would therefore seem that Podkletnov has produced a

device that allows flux pinning to enhance the production of RF energy and RF energy to

enhance the production of superconductor currents. These reinforcing phenomena should lead to

high electron densities or super currents in the superconductor disk. These currents are focused

between the superconductor particles, which are Josephson junction sites.

TRANSIENT MASS SHIFT

During a review of current literature for clues on the connection between mass energy and

superconductors, it was found that Woodward, who has done some very interesting work with

capacitors, both theoretically and experimentally, has come up with an equation for a transient

mass shift derive from Mach's Principle. L131 Mach's Principle explains inertia - the tendency of

an object to resist acceleration - by the sum of the gravitational attractions of all objects in the

universe. Woodward presented the transient mass shift dmo as

flw& (1)
c_mo - 27cGpoc2

Where dmo is the transient mass shift; fl is the ratio q_/ c 2 (9 is the gravitational potential due to

all the matter of the universe) and is approximately 1 and unitless; w is the frequency of the

driving voltage into the capacitors in radians per second; Po is the power applied to the capacitors

in ergs/s (10 7 ergs/s = 1 Watt); G is the gravitational constant = 6.67xl0 8 dyne cm2/gm2; po is

the density of the capacitors; and c is the velocity of light in cm / s = 300x108 cm/s.

A Cavendish balance, which is routinely used to measure the gravitational constant G allows

for the expression of G in terms of measurable quantities, which are



G = ¢ _ (2)

Where M is the test mass (superconductor), b is the distance between the center of a known mass

m and the test mass M, 1 is the separation distance of the masses m on a torsion bar, T is the

period of the damped harmonic motion of the torsion bar, and 0 is the angular displacement of
the torsion bar caused by the motion of the test masses. Note that the result is independent of the

value of m and can be written in the following simplified form

= L,GM (3)

Where Tc = (8/b2l)(T/2,rc) 2 is a proportionality constant associated with the torsion balance

characteristics.

If perceptible transient mass shift could be demonstrated with a Cavendish balance, the

change in the measured angular displacement of the torsion fiber will be directly proportional to

the test mass change, assuming the gravitational constant is unaltered. For example, the change

in angular displacement dO associated with an effective change in test mass dM due to

gravitational modification is given by

Oq5= Tc Gc3M (4)

By combining equations 4 with equation 1, the change d0 in the angular displacement ¢ due

to a mass change dM can be expressed in engineering terms as

c3O - Tc flJ;.,P' (6)
Po c

Wheref is the frequency (in Hz) of the effective input power Pi (in watts).

By setting equation 3 equal to equation 4 through the constant TcG, a relationship between

the two angular displacements and the masses can be made. From this relationship, a percent

change in mass can be expressed by

M% = __aM*100 -- --c30*100 (7)
M 0

Using dO as defined by equation 6 and 0 as defined by equation 3, the percent change in mass

can be expressed as

=I PJ;g
M% LGMpoc 2 *100 (8)

In the Podkletnov experiments, the percent change in mass of an object placed above the

superconductor disk was maximized at 2%. Assuming the same for equation 8, then Mpo is on

the order of 1012 kgZ/m 3 withf = 10 6 Hz and Pi = 100 watts. Then it is easily seen that this

equation does not make much sense if M po is that of a typical mass and mass density of a YBCO

superconductor (M- 2 kg and po- 50 kg/m3). Therefore, what are these quantities? It is argued

that the mass change is due to electrons, which somehow affects the total mass. It is then stated

that in the superconductor po is the density of the superconductor (given by psc) and M is the

mass of the electrons (given by Me) involved in the phenomena given by

I_ A j; (9)



Where6j is thecurrentperareaassociatedwith the superconductorJosephsonjunctions,Ajj is the

sum of the magnitudes of the normal vector to the cross sectional area of the Josephson

junctions, f j is the Josephson junction frequency, and qJm_ is the ratio of charge to mass of an

electron (= 1.759x10 tl coulombs/kg). By incorporating equation 9 into equation 8, then for a

superconductor with Josephson junction sites, equation 8 is rewritten as

• *100 (10)M,_%=
• Gl_jAt_p.,.cc 2

Given the analysis, from which equation 0 was derived, the transient mass shift expression

in equation 1 is modified for the superconductor to produce an energy E,o equation as

am_,c 2 : E, c - flf*P" (11)
P._C

Where Esc is the energy released during the mass change of the superconductor. Lettingf = 106

Hz, P, = 100 watts, p,c = 48 kg/m 3, G = 6.673 x 10 tl N mZ/kg 2, the mass energy radiated by the

motion of the electrons across the Josephson junctions is about 10 _6Joules. Noting that 1 Watt =

1 Joule/s, then the emitted power P,o associated with the mass energy E_c emission can be

expressed as

(12)

The frequencyf. 2 of the electrons fluctuating across the Josephson junctions is used. Since,

the mass energy is being created at this frequency. Lettingf =_j., the Power P_c emitted is about

1022 Watts. How can 100-Watts input produce 1022-Watts output? It is argued that the

gravitational potential _babout the superconductor is changed due to the emission of the mass

energy (E_). This change results in a change (A) in the dimensionless constant/3', expressed as

Where a is defined as the new gravitational potential due to the emission of mass energy E,o

from the superconductor. Redefining ,8 in equation 10 with Aft in equation 13 and regrouping the

terms, equation 10 can be simplified in terms of the power input and the superconductor

properties as

M,.,.% =y, *[LP,]* af,j *100 (14)
It. A.i, P.,_.

Where _'k = (qJme)/(Gc4) • Now an approximation of the percent mass change in terms of input

power and the superconductor can be made. The estimation is presented in figure 1 where ot =

.03, qJm_ = 1.7588 x 1011C/kg, G = 6.673 x 10-11 N m2/kg 2, c = 2.9979 x 108 m/s,f =fs= 106

Hz, p,_ = 48 kg/m 3, and/jj = 10 3 amps/cm 2, Ajj = 0.001 cm 2. The term a was chosen to make Pso

100 Watts and the magnitude Asj of the Josephson junction cross-sectional area was chosen to

make the 2% mass change fall at 1O0 watts.
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TESTING FOR A TRANSIENT MASS SHIFT

The corrected gravitational potential a can be perceived as the only unknown in equation 14.

However, the values for/a) and Ajj were chosen to fit the predetermined notion of Podkletnov's

experiment. With this in mind, the ratio cr,/(6j Ajj) is the real term in question with respect to a

transient mass shift about a superconductor as just changing one of these terms without changing

the others could implies an energy loss or gain. Reproduction of the YBCO disk used in

Podkletnov's experiments should lead to reasonable values for /j). and Ajj. In addition, the

direction of the vector sum of the magnitude of Aii should be predominately in the plane

perpendicular to the direction of the pressuring force applied to make the disk. The pressing

plane used to make Podkletnov's disks was in the plane of rotation, which is perpendicular to the

effective force seen on the test masses. Given this assumption the pointing vector associated

with the Josephson junctions would be in an upward or downward direction. Due to the two-

layer arrangement of the disk and the fact that no change in mass was seen for a mass placed

below the disk, it is argued that it is upward. Also worth mentioning is that/jj was chosen for

this estimate as the critical current density of small grain YBCO superconductors produced by

the author. It may very well be that /j:/ is the current density across the junction and not the

critical current of the superconductor grains.

Utilizing the previous equations, the ratio a/(/:j Ajj) can be defined in measurable terms as

a _ 1 ,] p,_, a_, (]5)
1l,.4,, r, LZ_/,j P,

Where d_¢, can be experimentally derived using a properly' designed Cavendish balance.

Figure 2 shows the effect on the transient mass shift changes with the ratio ct/(Ic A/j) (= 0.003,

0.03 & 0.3). As seen, percent mass change is very sensitive to this ratio.
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Such an experiment would utilize properly constructed high-Tc oxide superconductors

containing multiple Josephson junction sites between superconductor grains. The fabrication of

the superconductor would be such that the pressing force was applied perpendicular to the

applied magnetic field. This will insure alignment of the Josephson junction predominately in

the plane of the magnetic field. Cooper pair super-currents would then be induced across the

many Josephson junction sites that are distributed about the flux pinning vortices and modulated

by the RF input. A sketch of the proposed experiment is given in Fig. 3. As shown, U-shaped

permanent magnets with poles of high field, rare-earth permanent magnets are arranged such that

the magnetic field is through a high-To oxide superconductor like YBCO. The RF coils are

shown for representation. The actual configuration may vary dependent on the frequency

required.

From equation 4, an estimate the sensitivity to a transient mass change can be made by

making reasonable assumptions for the various balance parameters. Based on the published

characteristics of commercially available Cavendish balances, where T-- 120 sec; l -- 30 cm; b =

3 cm a numerical estimate for the sensitivity is given as

0_b _ 0.7 microradians / gram (5)
c_M

Thus, the sensitivity of a Cavendish balance to small transient mass change effects is generally

somewhat limited, and successful detection of these effects will require painstaking efforts in the

design and fabrication of the instrument. It will be necessary to push every parameter toward its

extreme values in order to achieve the highest possible sensitivity. For example, for a 500 gram

superconductor test mass, where the density of the YBCO ceramic is approximately 4.8

gram/cm 3, -then a I% change in effective mass (dM = 5 grams) due to transient mass change

effects would yield a torsional displacement of d_ = 3.5 microradians. This is within the

established sensitivity of state-of-the-art torsional displacement transducers, which can easily

resolve displacements of less than 1 microradian. Such a Cavendish balance is commercially

available from Tel-Atomic.
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CONCLUSION

Much of the material presented in this paper is clearly hypothetical. The equations are a first

order approximation that needs further refinement. For example, the corrected gravitation

potential ot may also involve an efficiency of the power inputted into the superconductor or the

conversion of the power to currents across the Josephson junctions. Although, should a transient

mass shift be seen by the described experiment. It would provide the necessary foundation for

further work in this area.

This research was supported in part by NASA's Advanced Space Transportation Research,
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Stan Deyo: Stream of Consciousness 
SPIN & ANTIGRAVITY EFFECTS IN TOROIDAL COILS 

Written By Stan Deyo,  May 2005 (Compiled by Tim Ventura)  
 

 
The inductor core was square-sectioned and hollow.... 
the coils were coaxial and only one turn deep. The 
first coil was wound with a right twist while the other 
coil was wound with a left twist. The result formed an 
"X" pattern where the two coils overlaid. The inductor 
core had an air gap in it.  
 
Two other flat wire coils were placed at opposite sides 
of the main coils and then bent over the toroid to form 
the field navigation mechanism.  All power was 
pulsed DC and the 30 foot diameter coils made a field 
reach out about 800 feet in diameter. 
 
Two other flat wire coils were placed at opposite sides 
of the main coils and then bent over the toroid to form 
the field navigation mechanism.  All power was 
pulsed DC and the 30 foot diameter coils made a field 
reach out about 800 feet in diameter. 

 
 

 
I was shown the toroidal field coils of the joint scientific group that discovered it back in the late 
fifties.  They used flat wire in their two coils. They were positioned differently to the Telos experiment 
though.  
 
The inductor core was square-sectioned and hollow.... the coils were coaxial and only one turn deep. 
The first coil was wound with a right twist while the other coil was wound with a left twist. The result 
formed an "X" pattern where the two coils overlaid. The inductor core had an air gap in it.  
 
Two other flat wire coils were placed at opposite sides of the main coils and then bent over the toroid 
to form the field navigation mechanism.  All power was pulsed DC and the 30 foot diameter coils 
made a field reach out about 800 feet in diameter. 
 
As for the Lazarus project, I am aware of the research although I can't recall hearing the project name. 
The energy source was from infrared frequencies which were converted to electric charge using a 
triboluminescent oxide that reacts in the infrared range. This substance releases electrons when 
exposed to the infrared range of radiation. It is a way to convert nuclear energies (spin, translation 
and radiation) directly into moving electrons. 
 
Space/time can be altered by putting mass inside a dynamic EM field created by two pulsed, DC, 
toroidal coils which act as a "flux capacitor" (Faraday's dream).  A charge capacitor by definition can 
be static (qq'/s); however as flux is a function of current which is moving or dynamic charge, the flux 
capacitor has to be a dynamic circuit which stores the energy (qq's/t).  To do this, the current must be 
added into a chase-tail circuit whereby the layers of the field stack one upon the other to form a field 
in motion. The currents flow in one direction in each coil but are separated by a timing/vector factor 
so that they do not interfere with each other. The coils are wrapped of flat bar about 6 inches wide by 
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1/2 inch thick. they are then wrapped at ninety angles to each other and the current is pulsed first one 
then the other. The timing of the pulses allows the current to create an apparently perfect inductor 
with zero resistance (although it is not truly zero since it does radiate energy). 
 
Inside this field in a small craft of about 30-feet diameter, one will experience a peculiar distortion of 
space/time. This occurs when the field inside the craft is "pumped up" so that the energy density of 
the space inside the field is much greater than that of normal space here on the Earth's surface.  The 
higher the energy density the more time is dilated so that time in the field occurs at a slower rate to 
that outside the field. If the energy density is lowered then the converse is true. 
 
An hour in the field of higher density might be a few days outside the field.  This is because time is 
measured as a ratio of lengths.  Time has no real dimension when comparing energy density states. It 
becomes relativistic... a ratio.  We compare distances travelled (whether linear, curved or angular) to 
establish "time" units. A second can be related to distances travelled by a pendulum, a vibrating 
crystal or even a decaying atomic structure - but they are all relative distances when one compares 
them as time.  When your watch crystal has vibrated "n" times it has covered "x" distance.  While it 
has covered that distance something else has covered another distance (whether it be as atomic 
structures spinning or in the movement of larger or macro-atomic structures).  If one says he has 
travelled 1 mile in 1 second then he is comparing the change of his energy state and position to the 
distance the crystal has vibrated while he travelled.....  Time is a pure ratio of lengths in the relativistic 
mass-length-time (mlt) system. 
 
One can theoretically transcend the "light barrier" by using asymmetric propulsion concepts. The 
barrier only exists (like the sound barrier) when one uses symmetric or Newtonian propulsion 
systems to "push" through an environment. The linear form of the Michelson-Morley experiment was 
performed many times and in the later tests a rotational version of the experiment proved the 
existence of an aether 'fluid'.  I explain the error in the linear version of their experiment in my book, 
"The Cosmic Conspiracy."  It was a simple mistake.  However, until one learns the concept of 
asymmetric acceleration through a fluid or a field, one cannot hope to engineer a hyper-light velocity 
system. 
 
Lorentz and Fitzgerald created a transform factor after wrongly interpreting the results of the linear 
Michelson-Morley experiment.  Their transform was to bring the apparently observed limit velocity 
into the Newtonian world.  Einstein used their transform to derive E=MC^2. This can be shown using 
basic algebra as I have done in an appendix to my aforementioned book.  Using this transform creates 
an artificial barrier ahead of any object shoving its way through a mass.  They did not allow for 
asymmetric propulsion... 
 
To travel faster than the speed of sound in our atmosphere without creating a sonic boom, one only 
needs to propel one's craft creating a reduced pressure zone ahead of the craft so that it never pushes 
the air ahead of it.  As hard as this is to believe, the bumblebee, one species of the salmon and a 
human playing with a garden hose in wet sand or a bucket of water all use asymmetric propulsion.  It 
is totally opposite to all standard thrust-reaction methods of propulsion. It generates motion by 
entrainment. Where one uses a continuos column of energy pushed in the opposite direction to the 
intended direction of travel,  asymmetric propulsion uses a pulsed thin film pushed ahead in the 
intended direction of travel. Where one shoves its way ahead, the other is accepted into a lower 
pressure area.... 
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Think about this... if one pulses a thin film of energy ahead and then accepts a portion of the wake of 
that pulse into the side of the craft so that its energy can supplement the energy of the next pulse, then 
one can achieve huge speeds with increasingly less energy required from the prime mover of the craft.  
It is a totally radical approach to propulsion but it works better than Roddenberry could have hoped 
for...  The field does create a warp around the craft and it does allow for speeds way beyond "C".... way 
beyond. 
 
In one of his UFO research books, Major Keyhoe mentioned the name of a mystery man in the 
government who seemed to be in the middle of all the US testing of the "new" antigravity" craft.  
Major Keyhoe overheard the man's last name as, "Lorenzo". 
 
For years people have assumed there was a mystery man named "Lorenzo".... but those of us inside 
the propulsion program have laughed at this misconception.  You see, the name Keyhoe overhead was 
not "Lorenzo". It was "Lorentz-O".  That is what the original dynamic plasma saucercraft made by 
Americans was named.  This is because the hot, air plasma that moved out, around and back through 
the saucercraft was accelerated by the Lorentz Force generated by current in the toroidal field coils.  
The Lorentz-O was the charged, doughnut-shaped, plasma flow around the craft that looked like a 
glowing smoke ring. 
 
You can see the Lorentz Force in action using a glass of salt water, a copper or aluminum strip bent 
into a cylinder, a nail and a DC current source of 20 amps or so (like an electric arc welder) and a 
strong permanent magnet.   Place the cylinder of metal in the glass of salt water. Connect one side of 
the DC source to this cylinder. Place the strong magnet near the side of the glass but not in the water. 
Connect the nail to the other lead. 
 
CAUTION: the water will heat up rapidly. It will start to ionize and spin bubbles relative to the 
magnet.  This is a crude low-temperature plasma experiment - but it will produce hot water almost 
explosively and should executed with great care. 
 
I used a large speaker magnet with a hole in it.  I then used a quartz tube which fit through the hole. 
This was as close as I could make the example to the original design of the plasma-dynamic saucer 
craft that our group developed in the black project. With this configuration the water will spin around 
inside the tube like a hot tornado.  
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Newton's 2nd law of motion tells us that objects accelerate in the same direction as the applied force. However, 
recently it was shown experimentally that a Superfluid Bose-Einstein Condensate (BEC) accelerates in the 
opposite direction of the applied force, due to the inertial mass of the BEC becoming negative at the specifics 
conditions of the mentioned experiment. Here we show that is not the inertial mass but the gravitational mass of 
the BEC that becomes negative, due to the electromagnetic energy absorbed from the trap and the Raman beams 
used in the experimental set-up. This finding can be highly relevant to the gravitation theory.  

  
           Key words:  Negative Gravitational Mass, Bose-Einstein Condensates, Superfluids. 
 
 
 
1. Introduction 
 
          A recent paper described an experiment 
that shows a Superfluid Bose-Einstein 
Condensate (BEC) with negative mass, and 
accelerating in the opposite direction of an 
applied force [1]. The experiment starts with a 
BEC of approximately 105 87Rb atoms 
confined in a cigar-shaped trap oriented along 
the x-axis of a far-detuned crossed dipole trap. 
Using an adiabatic loading procedure, the 
BEC is initially prepared such that it occupies 
the lowest minimum of the lower spin-orbit 
coupled (SOC) BEC. By suddenly switching 
off one of the two dipole trap beams, the 
condensate is allowed to spread out along the 
x-axis. Then, the BEC is imaged in-situ for 
expansion times of 0, 10 and 14 ms. In the 
negative x-direction, the BEC encounters an 
essentially parabolic dispersion, while in the 
positive x-direction, it enters a negative mass 
region. This leads to a marked asymmetry in 
the expansion.  
          Obviously, negative mass does not 
mean anti-matter. Anti-matter is simply 
matter which has the opposite electric charge 
from normal matter, whereas negative mass 
means more exactly negative gravitational 
mass. If one particle had ordinary positive 
gravitational mass, and one had negative 
gravitational mass, then the gravitational 
force between the masses would be repulsive 
differently   of   in  the  case  of  two  positive  

 
 
 
 
 
gravitational masses where the force would be 
of attraction. 
          In this article, we show that is not the 
inertial mass but the gravitational mass of the 
BEC that becomes negative, due to the 
electromagnetic energy absorbed from the 
trap and the Raman beams used in the 
experimental set-up. The consequences of this 
finding can be highly relevant to the 
gravitation theory.  
 
2. Theory 
 
          Some years ago I wrote a paper [2] 
where a correlation between gravitational 
mass and inertial mass was obtained. In the 
paper   I   pointed out that   the relationship 
between gravitational mass, , and rest 
inertial mass, , is given by  
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where  is the electromagnetic energy 
absorbed or emitted by the particle; 

U
vcnr =  

is the index of refraction of the particle;  is 
the speed of light.  

c

          Equation (1) can be rewritten as follows 
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where ρ  is the matter density,  is the velocity 
of radiation through the particle, and W  is the 
density of absorbed electromagnetic energy. 
Substitution of the well-known relation 

v

vDW 4=  into Eq. (2) yields 
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where  is the power density of the radiation 
absorbed by the particle. 

D

          In order to apply the Eq. (3) to the BEC 
previously mentioned, we start calculating the rest 
inertial mass of the BEC, which is given by  
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Assuming that the average radius of the BEC is 
approximately 40 μm (See reference [1]), then we 
can calculate the density of the BEC, i.e.,  
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          Substitution of the values of BECρ  into 
Eq. (3) gives   
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The variable , in Eq. (4), refers now to the total 
power density of the radiation absorbed by the 
BEC (from the trap and the Raman beams, used 
in the experimental set-up of reference [

D

1]). 
According to the authors of the experiment the 
power of the Raman beams are of approximately 
3mW (2.9 mW in one of the two beams,3.3 mW in 
the other), focused to a beam waist of 120 microns 
( mμ60 radius); the absorption coefficient is 

4.05.21 =RR EE . Thus, we can write that 
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Substitution of this value into Eq. (4) gives 
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Note that, for 1.5.109 −< smvBEC  the 
gravitational mass of the BEC ( ) 
becomes negative. Lene Hau et al., [

( )BECgm
3] 

showed that light speed through a BEC 
reduces to values much smaller than 

1.100 −sm .  
          Consequently, we can conclude that it 
is the gravitational mass of the BEC of 87Rb 
atoms that becomes negative and not its 
inertial mass. 
         Also it was deduced in the reference [2] 
a generalized expression for the Newton's 2nd 
law of motion, which shows that the 
expression for inertial forces is given by 

( )7amF g
rr

 =

The presence of  in this equation shows 
that the inertial forces have origin in the 
gravitational interaction between the particle 
and the others particles of the Universe, just 
as Mach’s principle predicts. In this way, the 
new equation expresses the incorporation of 
the Mach’s principle into Gravitation Theory, 
and reveals that the inertial effects upon a 
body can be strongly reduced by means of the 
decreasing of its gravitational mass. Note that 
only when  reduces to  is that we have 

the well-know expression (

gm

gm 0im
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= ) of the 
Newton’s law.  
         Taking Eq. (6) for an arbitrary value of 

, we obtain , 
where 

1.5.109 −< smvBEC ( ) ( )BECiBECg Kmm 0−=
K  is a positive number. Substitution of 

this equation into Eq. (7) yields  
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The sign ( )−  in this expression reveals clearly 
why the BEC accelerates in the opposite 
direction of the applied force, i.e.,  
 

( ) ( )90 aKmFF BECiBECBEC
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=−=  
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         Recently it was created a BEC with 
  1710506.2 × 23Na atoms [4].  The inertial 

mass of this BEC is 
 

( ) ( )( ) kgm BECi
92717

0 108.31066.12310506.2 −− ×=××=   
 
The number of atoms/ , as showed in 
reference [

3cm
4],is .  322316

0 10742.210742.2 −− ×=×= mcmn
Thus, the density  of the BEC is given by 
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Substitution of these values into Eq. (3) gives 
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 Fig. 1 – A BEC inside a hollow sphere. 

BEC

 
  
         Now consider the system showed in Fig.1. 
Inside the hollow sphere, whose gravitational 
mass is , there is a BEC 
whose gravitational mass is given by Eq. (10). 
Thus, the total gravitational mass of the 
system, , is given by 

( ) (sphereisphereg mm 0≅ )

)(SYSgm

( ) ( ) ( )

( ) ( ) ( )111106.1121 04

2
10

0 BECi
BEC

spherei

BECgspheregSYSg

m
v
Dm

mmm

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−×+−+≅

=+=

−

         In 2001 Lene Hau et al., have shown that the 
light speed through a BEC could have values very 
close to zero. Therefore,   with these 
magnitudes are not unusual. This shows that the 
value of 

BECv

( )SYSgm , given Eq. (11), can be strongly 
reduced even the value of  be small, for 
example, of the order of 

D
21 mW .  

          Then, consider a system in which the 
inertial mass of the hollow sphere is 

( ) kgm spherei 000,100 = ; ; ( ) kgm BECi
9

0 108.3 −×=
21 mWD ≅   and 19 .10 −−= smvBEC  *, then the 

gravitational mass of the system will have the 
following value: 

( ) ( ) ( )

( )12105.8

105.2

4

0
13

0

kg

mmm BECisphereiSYSg

×−=

=×−=

Thus, if this system is subjected to a gravity 
acceleration 1.8.9 −= smgr , as shown in Fig.2, 
then its weight force will be given by  

( ) ggmP SYSg
rrs

4105.8 ×== , ( )NP 5103.8 ×= . 

This value is greater than the thrust of the fighter 
aircraft F-22 Raptor (fifth-generation), which 
reaches 160,000N.  

  

  
                                      ( ) gmP SYSg

rs
=   

 
 
 
 
 
                                   
 
 
 
 
 
 
                                      gr   
 
Fig. 2 – The system sphere-BEC, with negative
gravitational mass ( ( ) 0<SYSgm ),  in a gravitational 
field. 

BEC 

         
          It is important to note that, in spite the light 
speed reach values very close to zero through the 
BEC in the Lene Hau experiments, the number of 
atoms in the BEC, in this case is very small 
( )atoms65 1010 −  in comparison with the 

 atoms of the BEC of 1710506.2 × 23Na, here 
mentioned. Consequently, the weight force, acting 
on the BEC in the case of the Lene Hau 
experiments is approximately  times smaller 
than in the case of the BEC of Na atoms.  

1210 −

                                           
* With this velocity the light beam would travel about 
0.1mm in a day.  
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It was show that the linear momentum transported by electromagnetic waves has a negative component, 
in such way that, when a radiation incides on a surface, it is exerted a pressure on opposite direction to 
the direction of propagation of the radiation. In addition, it was predicted the existence of photons in 
which the negative component of the momentum is greater than the positive one. These photons were 
called attractive photons or gravific photons. Here, we show how to produce and to detect this type of 
photons. 
   
Key words: Gravity, Gravitation, Electromagnetic Waves, Radiation Pressure. 

 
1. Introduction 
 
          Electromagnetic waves transport energy as 
well as linear momentum. Then, if this momentum 
is absorbed by a surface, pressure is exerted on the 
surface.  In a previous paper [1] we shown that 
this pressure has a negative component (opposite 
to the direction of propagation of the photons) due 
to the existence of the negative linear momentum 
transported by the photons. Then, it was predicted 
the existence of photons in which the negative 
component of the momentum is greater than the 
positive one. These photons were called gravific 
photons1 and is expected that they have 
frequencies greater than Hz2810 . In addition, it 
was shown that the limit between the spectrum of 
the gravific photons and the gamma ray spectrum 
is defined by a characteristic frequency, 

Hzfg
28102 ≈  (See Fig. 1).  

                                                                        
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 – The Gravific  Photons Spectrum (above 

Hzfg
28102 ≈ ).  
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          Here, we show how to produce and to 
detect gravific photons. We start with the well-
know process of production  of  neutral pions 
 
                                           
1 Gravific Radiation is electromagnetic radiation and cannot 
be confused with gravitational radiation or gravitational 
waves, which are ripples on the space-time (predicted by the 
Einstein Theory). 
 

 
 
(Mesons ), by means of the collision of high-
speed protons. i.e.,  

0π

( )10π++→+ pppp
Neutral pions decay with a much shorter lifetime 
of 8.4×10−17 seconds, producing 2 gamma rays. 

( )20 γγπ +→
When the velocities of the protons are ultra-
relativistic the energy of the neutral pion, ,  is 

given by [
0π

E
2] 
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Note that, if , then the 
produced gamma rays will have frequency 

. Therefore, by means of collision of 
ultra-relativistic protons it is possible to produce 
Gravific Photons 

( )
2

0
310 cmE protoniproton >

Hz2810>

( )Hzff g
28102 ≈>  2. In the 

system shown in Fig. 2, when the Gravific Photons 
strike on a plate, it is exerted a pressure on 
opposite direction to the direction of propagation 
of the radiation. By measuring the pressure on the 
plate it is then possible to confirm the existence of 
the Gravific Photons. 
                                           
2 At the Large Hadron Collider (LHC) the protons 
each have an energy of 6.5 TeV, giving a total 
collision energy of 13 TeV. At this energy the protons 
move at about 0.999999990 c. Then the frequency of 
the gamma rays produced by the disintegration of the 
neutral pions can reach about 1030Hz.  
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                                            p + p → p + p + π0    
                            
                                                                                                γ + γ 
                                                

Fig. 2 –  If the photons have frequencies gff 2>  the resultant momentum transported by the photon
is negative. If this momentum is absorbed by a surface, pressure is exerted on the surface, in the
opposite direction of propagation of the photon. This special type of photon is denominated of
attractive photon or Gravific Photons.  
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       Gravitational Interaction between Photons and   

          Unification of All the Fundamental Interactions 
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Recently, it has been reported an experiment where a very weak laser beam passes through a 
dense cloud of ultracold rubidium atoms. Under these circumstances, it was observed that the 
photons bound together in pairs or triplets, suggesting an unexpected attractive interaction 
between them. Here, it is shown that mentioned interaction can be related to the gravitational 
interaction, and that this possibility permits the formulation of a solid approach for the 
unification of all the fundamental forces of the Universe. 
 

     Key words:  Interaction Gravitational, Casimir Force, Interaction between Photons.  
 
1. Introduction 
 
          In a paper recently published in 
Science [1], researchers have reported that 
when they have put a very weak laser beam 
through a dense cloud of ultracold rubidium 
atoms (as a quantum nonlinear medium), the 
photons bound together in pairs or triplets, 
suggesting an unexpected attractive 
interaction between them. 
          Here, it is shown that mentioned 
interaction is related to the gravitational 
interaction, and that this possibility permits 
the formulation of a solid theory for the 
unification of all the fundamental forces of 
the Universe. 
 
2. Theory 
 
          I have show in the Mathematical 
Foundations of the Relativistic Theory of 
Quantum Gravity [2] that, by combination of 
Gravitation and the Uncertainty principle it 
is possible to derive the expression for the 
Casimir force. The starting point is the 
expression of correlation between 
gravitational mass mg and rest inertial mass, 
mi0, obtained in the mentioned paper, i.e., 
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where  is the variation in the particle’s 
kinetic momentum;  is the light speed.  

p
c

          Thus, an uncertainty   in   
produces an uncertainty  

0imΔ 0im
pΔ  in p and 

therefore an uncertainty gmΔ   in , which 
according to Eq.(1) , is given by 
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From the uncertainty principle for position and 
momentum, we know that the product of the 
uncertainties of the simultaneously measurable 
values of the corresponding position and 
momentum components are at least of the 
magnitude order of   , i.e.,  h

h~rpΔΔ
Substitution of r~p ΔΔ h into (2) yields 
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Therefore if 
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Then the expression (3) reduces to: 
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Note that, gmΔ  does not depend on . gm
          Consequently, an uncertainty FΔ  in the 
gravitational force 2rmGmF gg ′−= , will be 
given by 
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The amount  ( ) m.cG 353 106112
1 −×=h   is 

called the Planck length, ,( the length scale 
on which quantum fluctuations of the metric of 
the space time are expected to be of order unity).  

planckl
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Thus, we can write the expression of FΔ  as 
follows 
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which is the expression of the Casimir force for 

( ) 22
0 960 plancklAA π== . 

          Now, multiplying Eq. (8) (the expression 
of ) by  we obtain  0F 2n
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This is the general expression of the Casimir 
force.  
          We can then conclude that the Casimir 
effect is just a gravitational effect related to the 
uncertainty principle. In this context, the nature 
of the Casimir force is clearly gravitational as 
shown in the derivation of Eq. (9), which 
expresses, in turn, the intensity of the 
gravitational force in the case of very small scale 
( r very small) *.  
          Now consider the discovery reported 
recently in Science [1]. When the researchers 
have put a very weak laser beam through a dense 
cloud of ultracold rubidium atoms †, the photons 
bound together in pairs or triplets, suggesting an 
unexpected attractive interaction between them. 
Now, we will show that the nature of this 
interaction is gravitational.  
          According mentioned in the paper, the 
length of the cloud of ultracold rubidium atoms 
                                           
* The Casimir force is only significative when the 
value of r  is very small (microcosm scale). 
† The velocities of the photons through the cloud of 
ultracold rubidium atoms are strongly reduced. This is 
the reason for the laser to pass through the mentioned 
cloud. Lene Hau et al., [3] showed that light speed 
through a cloud of ultracold rubidium atoms reduces 
to values much smaller than .  1.100 −sm
 

were of approximately mμ130  (along the 
propagation direction), while the transverse 
extent of the probe beam waist had about mμ5.4 . 
Therefore, the distances r  between the photons 
of the cloud were very small. As we have already 
seen, at very small scale, the gravitational 
interaction cannot be trated via usual Newton’s 
equation of gravitation. In this case, Eq. (9) must 
be used. Thus, assuming ( ) 21322 10 mfcA −≅=≈λ , 
and substituting this value into Eq. (9), we 
obtain: 
 

( )1010 440 rF −≈
 
Using the above equation, and considering 
the dimensions of the mentioned cloud 
( )mm μμ 5.4130 × , we can calculate the 
intensity of the gravitational force between 
two photons of the cloud, when the distance 
r  between them were, for example, of the 
order of mμ1 , i.e.,  
 

( )1110 16 NF −≈
 
The intensity of this gravitational force is highly 
significative. Compare for example, with the 
Coulombian attractive force between an electron 
and a proton, separated by the same distance 
( mr μ1≈ ), which is given by 
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The Coulombian repulsive force between two 
protons in an atomic nucleus, considering that, 

, and that the distance 

between them is [

mrproton
15104.1 −×=

mr 15104 −×= 4], is given by 
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This enormous repulsive force must be 
overcomed by the intense attractive nuclear force 
(strong nuclear force).  
          Now consider Eq. (9), where we put 

 and , 
then the result is 

2302 106 mrA proton
−×≅= π mr 15104 −×=

 



 3

( )1430
480 4 N

r
hcAF ≅⎟

⎠
⎞

⎜
⎝
⎛−=
π

 
Comparing Eq. (14) with Eq. (13), we can 
conclude that the attractive gravitational force 
(30N) is sufficient to overcome the repulsive 
Coulombian force expressed by Eq. (13).  
          These results lead us to formulate the 
following  question:  What is the true nature 
of the “strong nuclear force”? Is it 
gravitational as shown above?  
          This possibility is reinforced by the 
derivation the Coupling Constants for the 
Fundamental Forces that we will make 
hereafter, starting from Eq. (9).  
          It is known that  the weak force, , 
which is related to the strong force, , by 
means of the following expression: 
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where Wα  is the weak force coupling 
constant, and Sα  is the strong force coupling 
constant ‡. 
          Assuming that , where  is 
given by Eq. (9), then  Eq.(15) can be 
rewritten as follows 

FFS = F
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At  (0.1% of the diameter of a 
proton), the weak interaction has a strength 
of a similar magnitude to electromagnetic 
force, 

mr 18103 −×≅

2
0

2 4 reFE πε=  [5]. Thus, making 
, and substituting the above 

mentioned value of 
EW FF =

r , we obtain 
 
                                           
‡ Similarly, the weak force is related to the 
electromagnetic force, , by means of  the 

expression: 
EF

EWEW FF αα= ; and the strong 
force is related to the electromagnetic force, by means 
of  the expression: EWES FF αα= ; and the 

gravitational force, , is related to the 
electromagnetic force, by means of  the expression: 

GF

EGEG FF αα= .  
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This is the same value mentioned in the 
literature for SW αα [6]. 
          Now, considering that EWEW FF αα= , 
where Eα  is the electromagnetic force 
coupling constant, then we can write that  
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At the maximum range of the weak 
interaction, , we have the minimum value 
of the weak force, , which can be 
expressed by  Eq. (16) or Eq. (18) as follows 
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By comparing these equations, we obtain 
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          Experimental data, describing the 
strong force between nucleons is consistent 
with a strong force coupling constant of 
about 1 [6]. Thus, making 1=Sα  (strong 
force coupling constant) in Eq. (22), we 
obtain  
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The maximum range of the weak interaction, 

,  is of the order of  [maxr m1610− 7]. Equation 
above shows that, for r  the 
term 

m16
max 105 −×≅
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Consequently, Eq. (23) reduces to 
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this is the expression of the electromagnetic force 
coupling constant.  
         Multiplying SW αα (given by Eq. (17)) by 

ES αα (given by Eq. (22)), we get 
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whence we obtain 
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          Now, we will obtain the gravitational force 
coupling constant, Gα , starting of the fact 
that the strong force, , is related to the 
electromagnetic force, , by means of the 
following expression: 

GF

EF

( )27
E

G

E

G

F
F

α
α

=

Then, we can write that 
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          The relative strength of interactions 
varies with distance [8]. Here, starting from 
the fact that the strong nuclear force and the 

weak nuclear force are gravitational forces 
expressed by Eq. (9), we have showed that,  
at the range of about 10−15 m 
( ), the strong force(mr 16

max 105 −×≅ 1=Sα ) 
is approximately 137 times as strong as 
electromagnetic force ( 1371=Eα ), about a 
million times as strong as the weak force 
( 7103 −×≅Wα ), and about 1038 times as 
strong as gravitation( 39109.5 −×≅Gα ). All these 
values are in strong accordance with the 
values widely mentioned in the literature [9, 
10], given below 
 

39

7

109.5
103

1371
1

−

−

×≅
×≈

=
=

G

W

E

S

α
α
α
α

  
          Finally, we complete the unification of 
the Fundamental Forces of the Universe, by 
deriving from Eq. (9) the equations of the 
Coulombian Force and of the Newtonian 
Force. 
          Consider two electric charges  and 

 separated by a distance 
1q

2q r . If we define 
the area A  in Eq. (9) by means of the 
following expression 
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where  is a constant to be determined, and 

, then Eq. (9) can rewritten 
as follows 
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Note that, the term in brackets is equal to 1 for  

1769.0120 0
22 ≅= επ hceke . In this case, 

Eq. (30) reduces to
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which is the expression of the Coulombian 
Force.  
          In a similar way, we can derive the 
expression of the Newtonian Force for two 
particles with masses  and  respectively, 
separated by a distance 

1m 2m
r . First we define the 

area A  in Eq. (9) by means of the following 
expression 
 

( )322
2
0

21

2
2

0

22
2

0

1
21

r
m

mmk

r
m
m

kr
m
m

kAAA

g

gg

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
==

 
where  is a constant to be determined, and 

, is a minimum value of mass that will be 
calculated hereafter. Then substitution of Eq. 
(32) into Eq. (9) yields 

gk
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The term in brackets is equal to 1 for  
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Equation (34) can be rewritten as follows 
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where kgGc 81008.14 −×=h .  
         Equation (35) shows that, the term 
( )260 π  is a pure number such as , and 

the term 
gk

Gc 4h  is expressed in kg  such as 
, then we can conclude that 0m

( )3660
2π

=gk

and 

( )37
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          This expression it was first derivated by 
Hawking (1971) [11], and it is known as 
Hawking mass limit. Starting from the 
principle that the gravitational collapse is a 
process essentially classic, Hawking have 
concluded that black-holes could not exist 
with radius less than the Planck length 
( )3cGh  (limit for which quantum fluctuations 
in the metric of the spacetime are considered of 
the order of 1). In this way, the minimum 
radius of Schwarzschild, 2

02 cGmrS = , 
would have this value and, to this radius 
would correspond to a minimum value of 
mass , given by 0m

( )38
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This would be, obviously, the smaller mass value 
for any macroscopic gravitational systems 
(black-holes, etc).     
          Now, just substitute Eq. (36) and Eq. (37) 
into Eq.(33), in order to obtain the expression of 
the Newtonian Force.  
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          The derivation of the Equations (31) and 
(39) via Eq. (9), shows clearly the unification of 
the Fundamental Forces of the Universe, i.e. 
shows that the nature of all the fundamental 
interactions is Gravitational.   
          Starting from Eq. (15), which expresses the 
correlation between  e , i.e.,  WF SF
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we can write that  
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          Before 10−43 seconds after the Big Bang 
the forces , ,  and  become equal in 
strength, unifying themselves into a single force, 

, i.e., 

SF WF EF GF

UF
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where GEWS αααα === . 
          Since 1=Sα , we then conclude that 
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Under these conditions, the energy  of a 

system of two particles with masses  and , 
separated by a distance 

UU

1m 2m
r , is given by 
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Since, ( ) 22
021 rmmmkA g=  where 260 π=gk ,  

(See Eqs. (32) and (36)). Then, Eq. (47) can be 
rewritten as follows 
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Assuming that, in the mentioned conditions (at 
the beginning of the Universe), 021 mmm == , 
and that the total mass of the Universe, 

§kgM Univ
5410≅ , at this epoch, it was formed 

by a number 62
0 10≅= mMN Univ of particles 

with mass  and radius  , compressed into 
the volume of the Initial Universe, 

0m 0r

3
3
4

UnivUniv rV π= , where , then we 
can write that 
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3 102 ≅=  [12]. is the 
Hubble constant.   

0H
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Therefore, we can assume that the distances r  
among the particles it was of the order of the 

Planck length, mcGlPlanck
353 106.1 −×≅= h

**.  
          Substitution of  and 021 mmm ==

Plancklr ≅  into Eq. (48) gives 
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where GeVGcE p

195 1022.1 ×≅= h  is the 
called Planck Energy  
          Note that the energy  is above, but very UU
close to, the energy level of the Total 
Unification Energy TotalΛ  †† (the energy level 
above which the electromagnetic force, weak 
force, strong force and the gravitational force 
become equal in strength and unified in a single 
force)., i.e., ≳UU TotalΛ . Thus, as pU EU 41≅ , 
we write that  
 

TotalΛ ≲  GeVUU
18103×≅

 
          Therefore, the Total Unification Energy,  

TotalΛ  is about 300 times greater than the called 

Grand Unification Energy, GeVGUT
16101×≅Λ  ‡‡.   

                                           
** The unification of the electromagnetic force, weak 
force, and strong force with the gravitational force is 
generally assumed to be close to the Planck Scale.   
 
††  Above TotalΛ , as showed in Eq. (45) and (47). 

Very close to TotalΛ  because the unification of the 3 
fundamental forces with the gravitational force 
requires that TotalΛ  has a value close to the Planck 
Energy.  
 
‡‡ The grand unification energy GUTΛ , is the energy 
level above which, it is believed, the electromagnetic 
force, weak force, and strong force become equal in 
strength and unified in a single force. 
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3. Conclusion 
 
          The theoretical results here obtained 
are in surprisingly good conformity with the 
experimental and theoretical data accepted 
currently, and form a solid unified theory for 
all the fundamental forces of the Universe. 
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There is an electromagnetic factor of correlation between gravitational mass and inertial mass, 
which in specific electromagnetic conditions, can be reduced, made negative and increased in 
numerical value. This means that gravitational forces can be reduced, inverted and intensified 
by means of electromagnetic fields. Such control of the gravitational interaction can have a lot 
of practical applications. For example, a new concept of spacecraft and aerospace flight arises 
from the possibility of the electromagnetic control of the gravitational mass. The novel 
spacecraft called Gravitational Spacecraft possibly will change the paradigm of space flight 
and transportation in general. Here, its operation principles and flight possibilities, it will be 
described. Also it will be shown that other devices based on gravity control, such as the 
Gravitational Motor and the Quantum Transceivers, can be used in the spacecraft, 
respectively, for Energy Generation and Telecommunications.  
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1. Introduction        
           
          The discovery of the correlation 
between gravitational mass and inertial 
mass [1] has shown that the gravity 
can be reduced, nullified and inverted. 
Starting from this discovery several 
ways were proposed in order to obtain 
experimentally the local gravity 
control [2]. Consequently, new 
concepts of spacecraft and aerospace 
flight have arisen. This novel 
spacecraft, called Gravitational 
Spacecraft, can be equipped with other 
devices also based on gravity control, 
such as the Gravitational Motor and 
the Quantum Transceiver that can be 
used, respectively, for energy 
generation and telecommunications.  
Based on the theoretical background 
which led to the gravity control, the 
operation principles of the 
Gravitational Spacecraft and of the 
devices above mentioned, will be 
described in this work.         
                      
2. Gravitational Shielding 
 
         The contemporary greatest 
challenge of the Theoretical Physics 
was to prove that, Gravity is a 
quantum phenomenon. Since the 
General Relativity describes gravity as 
related to the curvature of the space-
time then, the quantization of the 
gravity implies the quantization of the 
proper space-time. Until the end of the 
century XX, several attempts to 
quantify gravity were accomplished. 
However, all of them resulted fruitless 
[3, 4].  
 
 
 

 
 
          In the beginning of this century, 
it has been clearly noticed that there 
was something unsatisfactory about 
the whole notion of quantization and 
that the quantization process had many 
ambiguities. Then, a new approach has 
been proposed starting from the 
generalization of the action function*.  
The result has been the derivation of a 
theoretical background, which finally 
led to the so-sought quantization of the 
gravity and of the space-time. 
Published under the title: 
“Mathematical Foundations of the 
Relativistic Theory of Quantum 
Gravity”†, this theory predicts a 
consistent unification of Gravity with 
Electromagnetism.  It shows that the 
strong equivalence principle is 
reaffirmed and, consequently 
Einstein’s equations are preserved.  In 
fact, Einstein’s equations can be 
deduced directly from the Relativistic 
Theory of Quantum Gravity.   This 
shows, therefore, that the General 
Relativity is a particularization of this 
new theory, just as the Newton’s 
theory is a particular case from the 
General Relativity. Besides, it was 
deduced from the new theory an 
important correlation between the 
gravitational mass and the inertial 
mass, which shows that the 
gravitational mass of a particle can be 
decreased and even made negative, 
independently of its inertial mass, i.e., 
while the gravitational mass is 
                                           
* The formulation of the action in Classical Mechanics 
extends to the Quantum Mechanics and it has been the 
basis for the development of the Strings Theory.   
† http://arxiv.org/abs/physics/0212033  
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progressively reduced, the inertial 
mass does not vary. This is highly 
relevant because it means that the 
weight of a body can also be reduced 
and even inverted in certain 
circumstances, since Newton’s gravity 
law defines the weight   of a body as 
the product of its gravitational mass 

 by the local gravity acceleration , 
i.e.,  

P

gm g

 
( )1gmP g=

 
       It arises from the mentioned law 
that the gravity acceleration (or simply 
the gravity) produced by a body with 
gravitational mass is given by gM

 

( )22r
GM

g g=

 
        The physical property of mass 
has two distinct aspects: gravitational 
mass mg and inertial mass mi. The 
gravitational mass produces and 
responds to gravitational fields. It 
supplies the mass factors in Newton's 
famous inverse-square law of 
gravity ( )2rmGMF gg= . The inertial 
mass is the mass factor in Newton's 
2nd Law of Motion . These 
two masses are not equivalent but 
correlated by means of the following 
factor [1]: 
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Where  is the rest inertial mass and 

 is the variation in the particle’s 

kinetic momentum;  is the speed of 
light.  

0im
pΔ

c

          This equation shows that only 
for 0=Δp  the gravitational mass is 
equal to the inertial mass. Instances in 
which pΔ  is produced by 
electromagnetic radiation, Eq. (3) can 
be rewritten as follows:   
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Where  is the refraction index of the 
particle;  is the power density of the 
electromagnetic radiation absorbed by 
the particle; and 

rn
D

ρ  its density of 
inertial mass.   
          It was shown [1] that there is an 
additional effect of gravitational 
shielding produced by a substance 
whose gravitational mass was reduced 
or made negative. This effect shows 
that just above the substance the 
gravity acceleration  will be reduced 
at the same proportion

1g

0ig mm=χ , 
i.e., , (  is the gravity 
acceleration bellow the substance).            

gg χ=1 g

          Equation (4) shows, for 
example, that, in the case of a gas at 
ultra-low pressure (very low density of 
inertial mass), the gravitational mass 
of the gas can be strongly reduced or 
made negative by means of the 
incidence of electromagnetic radiation 
with power density relatively low. 
          Thus, it is possible to use this 
effect in order to produce gravitational 
shieldings and, thus, to control the 
local gravity.    
          The Gravity Control Cells 
(GCC) shown in the article “Gravity 
Control by means of Electromagnetic 
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Field through Gas or Plasma at Ultra-
Low Pressure”‡, are devices designed 
on the basis, of this effect, and usually 
are chambers containing gas or plasma 
at ultra-low pressure. Therefore, when 
an oscillating electromagnetic field is 
applied upon the gas its gravitational 
mass will be reduced and, 
consequently, the gravity above the 
mentioned GCC will also be reduced 
at the same proportion.  
          It was also shown that it is 
possible to make a gravitational 
shielding even with the chamber filled 
with Air at one atmosphere. In this 
case, the electric conductivity of the 
air must be strongly increased in order 
to reduce the intensity of the 
electromagnetic field or the power 
density of the applied radiation. 
          This is easily obtained by 
ionizing the air in the local where we 
want to build the gravitational 
shielding. There are several manners 
of ionizing the air. One of them is by 
means of ionizing radiation produced 
by a radioactive source of low 
intensity, for example, by using the 
radioactive element Americium (Am-
241). The Americium is widely used 
as air ionizer in smoke detectors. 
Inside the detectors, there is just a little 
amount of americium 241 (about of          
1/5000 grams) in the form of AmO

          
2. 

Its cost is very low (about of US$ 
1500 per gram). The dominant 
radiation is composed of alpha 
particles. Alpha particles cannot cross 
a paper sheet and are also blocked by 
some centimeters of air. The 
Americium used in the smoke 

 
‡ http://arxiv.org/abs/physics/0701091  
 

detectors can only be dangerous if 
inhaled.  
          The Relativistic Theory of 
Quantum Gravity also shows the 
existence of a generalized equation for 
the inertial forces which has the 
following form    
          

( )5aMF gi =

 
This expression means a new law for 
the Inertia. Further on, it will be 
shown that it incorporates the Mach’s 
principle to Gravitation theory [5].  
          Equation (3) tell us that the 
gravitational mass is only equal to the 
inertial mass when . Therefore, 
we can easily conclude that only in 
this particular situation the new 
expression of  reduces to 

0=Δp

iF amF ii = , 
which is the expression for Newton's 
2nd Law of Motion.   Consequently, 
this Newton’s law is just a particular 
case from the new law expressed by 
the Eq. (5), which clearly shows how 
the local inertial forces are correlated 
to the gravitational interaction of the 
local system with the distribution of 
cosmic masses (via ) and thus, 
incorporates definitively the Mach’s 
principle to the Gravity theory.   

gm

          The Mach’s principle postulates 
that: “The local inertial forces would 
be produced by the gravitational 
interaction of the local system with the 
distribution of cosmic masses”. 
However, in spite of the several 
attempts carried out, this principle had 
not yet been incorporated to the 
Gravitation theory. Also Einstein had 
carried out several attempts. The ad 
hoc introduction of the cosmological 
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term in his gravitation equations has 
been one of these attempts.  
          With the advent of equation (5), 
the origin of the inertia - that was 
considered the most obscure point of 
the particles’ theory and field theory – 
becomes now evident.  
          In addition, this equation also 
reveals that, if the gravitational mass 
of a body is very close to zero or if 
there is around the body a 
gravitational shielding which reduces 
closely down to zero the gravity 
accelerations due to the rest of the 
Universe, then the intensities of the 
inertial forces that act on the body 
become also very close to zero.  
          This conclusion is highly 
relevant because it shows that, under 
these conditions, the spacecraft could 
describe, with great velocities, unusual 
trajectories (such as curves in right 
angles, abrupt inversion of direction, 
etc.) without inertial impacts on the 
occupants of the spacecraft.  
Obviously, out of the above-
mentioned condition, the spacecraft 
and the crew would be destroyed due 
to the strong presence of the inertia.   
          When we make a sharp curve 
with our car we are pushed towards a 
direction contrary to that of the motion 
of the car. This happens due to 
existence of the inertial forces. 
However, if our car is involved by a 
gravitational shielding, which reduces 
strongly the gravitational interaction of 
the car (and everything that is inside 
the car) with the rest of the Universe, 
then in accordance with the Mach’s 
principle, the local inertial forces 
would also be strongly reduced and, 
consequently, we would not feel 

anything during the maneuvers of the 
car. 
           
3. Gravitational Motor: Free Energy  

 
          It is known that the energy of 
the gravitational field of the Earth can 
be converted into rotational kinetic 
energy and electric energy. In fact, this 
is exactly what takes place in  
hydroelectric plants. However, the 
construction these hydroelectric plants 
have a high cost of construction and 
can only be built, obviously, where 
there are rivers.  
          The gravity control by means of 
any of the processes mentioned in the 
article: “Gravity Control by means of 
Electromagnetic Field through Gas or 
Plasma at Ultra-Low Pressure” allows 
the inversion of the weight of any 
body, practically at any place.  
Consequently, the conversion of the 
gravitational energy into rotational 
mechanical energy can also be carried 
out at any place.  
         In Fig. (1), we show a schematic 
diagram of a Gravitational Motor. The 
first Gravity Control Cell (GCC1) 
changes the local gravity from  
to

g
ngg −=′ , propelling the left side of 

the rotor in a direction contrary to the 
motion of the right side. The second 
GCC changes the gravity back again to   

 i.e., from g ngg −=′  to , in such a 
way that the gravitational change 
occurs just on the region indicated in 
Fig.1. Thus, a torque 

g

T given by  
 

( ) ( ) ( )[ ]
( ) grmn

rgmgmrFFT

g

gg

2
11

22

+=

=+′−=+′−=
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Is applied on the rotor of gravitational 
mass , making the rotor spin with 
angular velocity 

gm

ω .  
          The average power, , of  the 
motor is 

P
ωTP = . However, 

.Thus, we have  rgg 2ω=+′−

( ) ( )61 33
2
1 rgnmP i +=

Consider a cylindrical rotor of iron 
( )3.7800 −= mKgρ  with height , 
radius 

mh 50.=
mRr 0545.03 ==  and inertial 

mass . By adjusting 
the GCC 1 in order to obtain 

kghRmi 05.3272 == ρπ

( ) ( ) ( ) 191 −=−== nmm airiairgairχ  and, since 
, then Eq. (6) gives  2.81.9 −= smg

 
HPKWwattsP 2942191019.2 5 ≅≅×≅

 
          This shows that this small motor 
can be used, for example, to substitute 
the conventional motors used in the 
cars.  It can also be coupled to an 
electric generator in order to produce 
electric energy. The conversion of the 
rotational mechanical energy into 
electric energy is not a problem since 
it is a problem technologically 
resolved several decades ago. Electric 
generators are usually produced by the 
industries and they are commercially 
available, so that it is enough to couple 
a gravitational motor to an electric 
generator for we obtaining electric 
energy. In this case, just a gravitational 
motor with the power above 
mentioned it would be enough to 
supply the need of electric energy of, 
for example, at least 20 residences.  
Finally, it can substitute the 
conventional motors of the same 
power, with the great advantage of not 
needing of fuel for its operation. What 

means that the gravitational motors 
can produce energy practically free. 
          It is easy to see that gravitational 
motors of this kind can be designed for 
powers needs of just some watts up to 
millions of kilowatts.  

g 

g’= -ng 

Rotor 
r 

r 

R 

χar(2)= (χar(1))-1 

χar(1)= -n = mg(ar)/mi(ar)  

g’’=χair(2)g’ = g 

g’=χair(1)g

 
 
 
  
 
                                                      
                                GCC (2) 
      
                    
 
  
 
 
 
 
 
 
 
 
 
 
                              GCC (1) 
 
 
 
                                                      g 
            
 
              
 
 
Fig. 1 – Gravitational Motor -  The first Gravity Control Cell
(GCC1) changes the local gravity from g  to ngg −=′ , propelling 
the left side of the rotor in contrary direction to the motion of the 
right side. The second GCC changes the gravity back again to g i.e., 
from ngg −=′  to g , in such a way that the gravitational change 
occurs just on the region shown in figure above.   

4. The Gravitational Spacecraft 
 
         Consider a metallic sphere with 
radius  in the terrestrial atmosphere. 
If the external surface of the sphere is 
recovered with a radioactive substance 
(for example, containing Americium 
241) then the air in the space close to 
the surface of the sphere will be 
strongly ionized by the radiation 
emitted from the radioactive element 
and, consequently, the electric 
conductivity of the air close to sphere 
will become strongly increased. 

sr
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          By applying to the sphere an 
electric potential of low frequency , 
in order to produce an electric field  

 starting from the surface of the 
sphere, then very close to the surface, 
the intensity of the electric field will 
be 

rmsV

rmsE

srmsrms rVE = and, in agreement with 
Eq. (4), the gravitational mass of the 
Air in this region will be expressed by  

( ) ( ) ( )71
44

121 024

43

2
0

airi
airs

rmsair
airg m

r
V

fc
m

⎪⎭

⎪
⎬
⎫
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⎪
⎨
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⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−=

ρπ
σμ

Therefore we will have  

( )

( )
( )81

44
121

24

43

2
0

0 ⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−==

airs

rmsair

airi

airg
air r

V
fcm

m
ρπ

σμχ

The gravity accelerations acting on the 
sphere, due to the rest of the Universe 
(See Fig. 2), will be given by  
 

nigg iairi ,...,2,1==′ χ
 
Note that by varying  or the 
frequency , we can easily to reduce 
and control

rmsV
f

airχ . Consequently, we can 
also control the intensities of the 
gravity accelerations  in order to 
produce a controllable gravitational 
shielding around the sphere. 

ig ′

          Thus, the gravitational forces 
acting on the sphere, due to the rest of 
the Universe, will be given by   

( )iairgiggi gMgMF χ=′=

where  is the gravitational mass of 
the sphere. 

gM

          The gravitational shielding 
around of the sphere reduces both  the 
gravity accelerations acting on the 
sphere, due to the rest of the Universe,  
and the gravity acceleration produced 
by the gravitational mass of the 
own sphere. That is, if inside the 

shielding the gravity produced by the 
sphere is 

gM

2rMGg g−= , then, out of the 
shielding it becomes gg airχ=′ .Thus,    

( ) ( ) 222 rGmrMGrMGg ggairgair −=−=−=′ χχ , 
where  

gairg Mm χ=

Therefore, for the Universe out of the 
shielding the gravitational mass of the 
sphere is and not . In these 
circumstances, the inertial forces 
acting on the sphere, in agreement 
with the new law for inertia, expressed 
by Eq. (5), will be given by  

gm gM

( )9igii amF =

Thus, these forces will be almost null 
when  becomes almost null by 
means of the action of the gravitational 
shielding. This means that, in these 
circumstances, the sphere practically 
loses its inertial properties. This effect 
leads to  a new concept of spacecraft 
and aerospatial flight. The spherical 
form of the spacecraft is just one form 
that the Gravitational Spacecraft can 
have, since the gravitational shielding 
can also be obtained with other 
formats.  

gm

          An important aspect to be 
observed is that it is possible to control 
the gravitational mass of the 
spacecraft, , simply by 
controlling the gravitational mass of a 
body inside the spacecraft. For 
instance, consider a parallel plate 
capacitor inside the spacecraft. The 
gravitational mass of the dielectric 
between the plates of the capacitor can 
be controlled by means of the ELF 
electromagnetic field through it. Under 
these circumstances, the total 
gravitational mass of the spacecraft 
will be given by 

(spacecrafgM )
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( ) ( )

( )1000 idielectrici

gspacecrafg
total

spacecrafg

mM

mMM

χ+=

=+=

where   is the rest inertial mass of 
the spacecraft(without the dielectric) 
and  is the rest inertial mass of the 
dielectric; 

0iM

0im

0igdielectric mm=χ , where   
is the gravitational mass of the 
dielectric. By decreasing the value of 

gm

dielectricχ , the gravitational mass of the 
spacecraft decreases. It was shown, 
that the value of χ can be negative. 
Thus, when 00 iidielectric mM−≅χ , the 
gravitational mass of the spacecraft 
gets very close to zero. 
When 00 iidielectric mM−<χ , the gravitational 
mass of the spacecraft becomes 
negative.  
          Therefore, for  an  observer   out 
of    the   spacecraft, the  gravitational 
mass of the spacecraft is 

( ) 00 idielectricispacecrafg mMM χ+= , and not 
. 00 ii mM +

          Another important aspect to be 
observed is that we can control the 
gravity inside the spacecraft, in order 
to produce, for example, a gravity 
acceleration equal to the Earth’s 
gravity ( )2.81.9 −= smg . This will be 
very useful  in the case of space flight, 
and can be easily obtained by putting 
in the ceiling of the spacecraft the 
system shown in Fig. 3. This system 
has three GCC with nuclei of ionized 
air (or  air at low pressure). Above 
these GCC there is a massive block 
with mass  .  gM

 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

χair 

M’g 

r 

Mg Erms 

g1 = - G M’g / r2

g1’ = χair g1 

S 

Gravitational Shielding 

       Fig.2- The gravitational shielding reduces the gravity
accelerations ( g1’) acting on the sphere (due to the rest  of the
Universe) and also reduces the gravity acceleration that the sphere
produces upon all the particles of the Universe (g’). For the
Universe, the gravitational mass of the sphere will be mg = χair Mg.

g’ = - χair g = - χair G Mg / r2 = 
 

= - Gmg / r2 
  

mg = χair Mg 

g  = - G Mg / r2 

          As we have shown [2], a 
gravitational repulsion is established 
between the mass and any positive 
gravitational mass below the 
mentioned system. This means that the 
particles in this region will stay 
subjected to a gravity acceleration , 
given by 

gM

ba

( ) ( ) ( )11ˆ2
0

33 μχχ
r

M
Gga g

airMairb −≅≅
rr

If the Air inside the GCCs is 
sufficiently ionized, in such way that 

, and if , 
, and  

then the Eq.8 shows that inside the 
GCCs we will have  

13 .10 −≅ mSairσ Hzf 1=
3.1 −≅ mkgairρ KVVrms 10≅ cmd 1=

( )

( )

3
24

43

2
0

0
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44

121 −≅
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢
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⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−==
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Fig.3 – If the Air inside the GCC is sufficiently 
ionized, in such way that 13 .10 −≅ mSairσ and 

if Hzf 1= ; cmd 1= ; 3.1 −≅ mkgairρ and KVVrms 10≅
then Eq. 8 shows that inside the CCGs we will have

310−≅airχ . Therefore, for kgMM ig 100≅≅ and

mro 1≅  the gravity acceleration inside the spacecraft
will be directed from the ceiling to the floor of the 
spacecraft  and its intensity will be 2.10 −≈ smab . 

GCC 1 

G CC3 
GCC 2 

Mg 

FM 

( ) ( ) μχχ ˆ
2

0

33

r
M

Gga g
airMairb −≅≅

rr

ab 

airχ  

airχ  

airχ  

μ 

Ceiling 

Floor

r0 

    d 

Therefore the equation (11) gives  
 

( )1210 2
0

9

r
M

Ga g
b +≈

For  and  (See 
Fig.3), the gravity inside the spacecraft 
will be directed from the ceiling to the 
floor and its intensity will have the 
following value 

kgMM ig 100≅≅ mr 10 ≅

( )13.10 2−≈ smab

Therefore, an interstellar travel in a 
gravitational spacecraft will be 
particularly comfortable, since we can 
travel during all the time subjected to 
the gravity which we are accustomed 
to here in the Earth.    

          We can also use the system 
shown in Fig. 3 as a thruster in order 
to propel the spacecraft. Note that the 
gravitational repulsion that occurs 
between the block with mass  and 
any particle after the GCCs does not 
depend on of the place where the 
system is working. Thus, this 
Gravitational Thruster can propel the 
gravitational spacecraft in any 
direction. Moreover, it can work in the 
terrestrial atmosphere as well as in the 
cosmic space. In this case, the energy 
that produces the propulsion is 
obviously the gravitational energy, 
which is always present in any point of 
the Universe.  

gM

          The schematic diagram in Fig. 4 
shows in details the operation of the 
Gravitational Thruster. A gas of any 
type injected into the chamber beyond 
the GCCs acquires an acceleration 

, as shown in Fig.4, the intensity of 
which, as we have seen, is given by  

gasa

( ) ( ) ( )142
0

33

r
M

Gga g
gasMgasgas χχ −≅=

Thus, if inside of the GCCs,  
then the equation above gives  

910−≅gasχ

( )1510 2
0

27

r
M

Ga g
gas +≅

For kgMM ig 10≅≅ ,  we have 
. With this enormous 

acceleration the particles of the gas 
reach velocities close to the speed of 
the light in just a few nanoseconds. 
Thus, if the emission rate of the gas is 

mr 10 ≅
217 .106.6 −×≅ smagas

hourlitresskgdtdmgas /4000/10 3 ≅≅ − , then  
the trust produced by the gravitational 
thruster will be 
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( )16105 N

dt
dm

c
dt

dm
vF gasgas

gas ≅≅=
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FM 
GCC
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 Fig. 4 – Gravitational Thruster – Schematic diagram
showing the operation of the Gravitational Thruster. Note
that in the case of very strong airχ , for

example 910−≅airχ , the gravity accelerations upon the
boxes of the second and third GCCs become very strong.
Obviously, the walls of the mentioned boxes cannot to stand
the enormous pressures. However, it is possible to build a
similar system [2] with 3 or more GCCs, without material
boxes. Consider for example, a surface with several
radioactive sources (Am-241, for example). The alpha
particles emitted from the Am-241 cannot reach besides
10cm of air. Due to the trajectory of the alpha particles, three
or more successive layers of air, with different electrical
conductivities 1σ , 2σ  and 3σ , will be established in the
ionized region. It is easy to see that the gravitational
shielding effect produced by these three layers is similar to
the effect produced by the 3 GCCs above. 

r0 

 
 It is easy to see that the gravitational 
thrusters are able to produce strong 
trusts (similarly to the produced by the 
powerful thrusters of the modern 
aircrafts) just by consuming the 
injected gas for its operation. 
           It is important to note that, if 

is the thrust produced by the 
gravitational thruster then, in 
agreement with Eq. (5), the spacecraft 
acquires an acceleration , 
expressed by the following equation 

F

spacecrafta

( ) ( )
( )17

spacecraftioutspacecraftg
spacecraft M

F
M

Fa
χ

==

Where outχ , given by Eq. (8), is the 
factor of gravitational shielding which 
depends on the external medium  

where the spacecraft is placed. By 
adjusting the shielding for 01.0=outχ  
and if  then for a thrust 

, the acceleration of the 
spacecraft will be  

KgM spacecraft
410=

NF 510≅

( )18.1000 2−= smaspacecraft  
With this acceleration, in just at 1(one) 
day, the velocity of the spacecraft will 
be close to the speed of light.  
However it is easy to see that outχ  can 
still be much more reduced and, 
consequently, the thrust much more 
increased so that it is possible to 
increase up to 1 million times the 
acceleration of the spacecraft.     
          It is important to note that, the 
inertial effects upon the spacecraft will 
be reduced by 01.0≅= igout MMχ . Then, 
in spite of its effective acceleration to 
be , the effects for the crew 
of the spacecraft will be equivalents to 
an acceleration of only 

2.1000 −= sma

 
1.10 −≈=′ sma

M
M

a
i

g

 
This is the magnitude of the 
acceleration on the passengers in a 
contemporary commercial jet.    
          Then, it is noticed that the 
gravitational spacecrafts can be 
subjected to enormous accelerations 
(or decelerations) without imposing 
any harmful impacts whatsoever on 
the spacecrafts or its crew. 
          We can also use the system 
shown in Fig. 3, as a lifter, inclusively 
within the spacecraft, in order to lift 
peoples or things into the spacecraft as 
shown in Fig. 5. Just using two GCCs, 
the gravitational acceleration produced 
below the GCCs will be  
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( ) ( ) ( )19ˆ2

0
22 μχχ rMGga gairMairg −≅=

r  
Note that, in this case, if airχ is 
negative, the acceleration gar will have 
a direction contrary to the versor μ̂ , 
i.e., the body will be attracted in the 
direction of the GCCs, as shown in 
Fig.5. In practice, this will occur when 
the air inside the GCCs is sufficiently 
ionized, in such a way that 

. Thus, if the internal 
thickness of the GCCs is now 

13 .10 −≅ mSairσ

mmd 1=  
and if ;  and 

, we will then have 
. Therefore, for 

Hzf 1= 3.1 −≅ mkgairρ
KVVrms 10≅

510−≅airχ kgMM ig 100≅≅  
and, for example,   the 
gravitational acceleration acting on the 
body will be . It is obvious 
that this value can be easily increased 
or decreased, simply by varying the  
voltage . Thus, by means of this 
Gravitational Lifter, we can lift or 
lower persons or materials with great 
versatility of operation.    

mr 100 ≅

2.6.0 −≈ smab

rmsV

          It was shown [1] that, when the 
gravitational mass of a particle is 
reduced into the range,  to 

, it becomes imaginary, i.e., 
its masses (gravitational and inertial) 
becomes imaginary. Consequently, the 
particle disappears from our ordinary 
Universe, i.e., it becomes invisible for 
us.  This is therefore a manner of to 
obtain the transitory invisibility of 
persons, animals, spacecraft, etc. 
However, the factor 

iM1590.+

iM1590.−

( ) ( )imaginaryiimaginaryg MM=χ  remains real 
because 
 

( )

( )
real

M
M

iM
iM

M
M

i

g

i

g

imaginaryi

imaginaryg ====χ  

Thus, if the gravitational mass of 
the particle is reduced by means of the 
absorption of an amount of 
electromagnetic energy U , for 
example, then we have  

( )
⎭
⎬
⎫

⎩
⎨
⎧

⎥⎦
⎤

⎢⎣
⎡ −+−== 1121 22

0cmU
M
M

i
i

gχ  

This shows that the energy U  
continues acting on the particle turned 
imaginary. In practice this means that 
electromagnetic fields act on 
imaginary particles. Therefore, the 
internal electromagnetic field of a 
GCC remains acting upon the particles 
inside the GCC even when their 
gravitational masses are in the range 

iM1590.+  to iM1590.− , turning them 
imaginaries. This is very important 
because it means that the GCCs of a 
gravitational spacecraft remain 
working even when the spacecraft 
becomes imaginary.  
          Under these conditions, the 
gravity accelerations acting on the   
imaginary spacecraft, due to the rest of 
the Universe will be, as we have see, 
given by 

nigg ii ,...,2,1==′ χ

Where ( ) ( )imaginaryiimaginaryg MM=χ  and 

( )
2

iimaginarygii rGmg −= . Thus, the 
gravitational forces acting on the 
spacecraft will be given by  
 

( )

( ) ( )( )
( ) ( )20.22

2

igigigig

jimaginarygjimaginaryg

iimaginaryggi

rmGMriGmiM

rGmM

gMF

χχ

χ

+=−=

=−=

=′=

 
Note that these forces are real. By 
calling that, the Mach’s principle says 
that the inertial effects upon a particle 
are consequence of the gravitational 
interaction of the particle with the rest 
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of the Universe. Then we can conclude 
that the inertial forces acting on the 
spacecraft in imaginary state are also 
real. Therefore, it can travel in the 
imaginary space-time using the 
gravitational thrusters.  
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5 – The Gravitational Lifter – If the air inside the
GCCs is sufficiently ionized, in such way that

13 .10 −≅ mSairσ and the internal thickness of the
GCCs is now mmd 1=  then, if Hzf 1= ; 

3.1 −≅ mkgairρ and KVVrms 10≅ , we have
510−≅airχ . Therefore, for kgMM ig 100≅≅ and 

mr 100 ≅ the gravity acceleration acting on the
body will be 2.6.0 −≈ smab . 
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( ) ( ) μχχ ˆ
2

22
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g
airMairb r

M
Gga −≅≅

rr

ab 

airχ  

airχ  
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          It was also shown [1] that 
imaginary particles can have infinity 
velocity in the imaginary space-time. 
Therefore, this is also the upper limit 
of velocity for the gravitational 
spacecrafts traveling in the imaginary 
space-time.    On the other hand, the 
travel in the imaginary space-time can 
be very safe, because there will not be 
any material body in the trajectory of 
the spacecraft.                                                         

         It is easy to show that the 
gravitational forces between two thin 
layers of air (with masses   and 

 ) around the spacecraft , are 
expressed by  

1gm

2gm

( ) ( )21ˆ
2

212
2112 μχ

r
mm

GFF ii
air−=−=

rr

Note that these forces can be strongly 
increased by increasing the value of 

airχ . In these circumstances, the air 
around the spacecraft would be 
strongly compressed upon the external 
surface of the spacecraft creating an 
atmosphere around it. This can be 
particularly useful in order to 
minimize the friction between the 
spacecraft and the atmosphere of the 
planet in the case of very high speed 
movements of the spacecraft. With the 
atmosphere around the spacecraft the 
friction will occur between the 
atmosphere of the spacecraft and the 
atmosphere of the planet. In this way, 
the friction will be minimum and the 
spacecraft could travel at very high 
speeds without overheating.  
     However, in order for this to occur, 
it is necessary to put the gravitational 
shielding in another position as shown 
in Fig.2. Thus, the values of airBχ  
and airAχ  will be independent (See 
Fig.6). Thus, while inside the 
gravitational shielding, the value of 

airBχ  is put close to zero, in order to 
strongly reduce the gravitational mass 
of the spacecraft (inner part of the 
shielding), the value of airAχ  must be 
reduced to about  in order to 
strongly increase the gravitational 
attraction between the air molecules 
around the spacecraft. Thus, by 

810−
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810−≅airAχsubstituting intoEq.21, we 

get 
( )22ˆ10 2

2116
2112 μ

r
mm

GFF ii−=−=
rr

If,  and  
 then Eq. 22 gives 

kgmm airairii
8

2121 10VV −≅≅=≅ ρρ

mr 310−=
( )2310 4

2112 NFF −−≅−=
rr

These forces are much more intense 
than the inter-atomic forces (the forces 
that unite the atoms and molecules) the 
intensities of which are of the order of  

. Consequently, the air 
around the spacecraft will be strongly 
compressed upon the surface of the 
spacecraft and thus will produce a 
crust of air which will accompany the 
spacecraft during its displacement and 
will protect it from the friction with 
the atmosphere of the planet. 

N81010001 −×−

 
 
 
 
 
 
 
 
 
                                                                    
 
 
 
 
 
 
 
 
 
Fig. 6 – Artificial atmosphere around the gravitational
spacecraft - while inside the gravitational shielding 
the value of airBχ  is putted close to zero, in order to 
strongly reduces the gravitational mass of the
spacecraft (inner part of the shielding), the value of

airAχ  must be reduced for about 810−  in order to
strongly increase the gravitational attraction between
the air molecules around the spacecraft.  
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5. The Imaginary Space-time  
 
          The speed of light in free space 
is, as we know, about of 300.000 km/s. 
The speeds of the fastest modern 
airplanes of the present time do not 
reach 2 km/s and the speed of  rockets 
do not surpass 20 km/s. This shows 
how much our aircraft and rockets are 
slow when compared with the speed of 
light.  
          The star nearest to the Earth 
(excluding the Sun obviously) is the 
Alpha of Centaur, which is about of 4 
light-years distant from the Earth 
(Approximately 37.8 trillions of  
kilometers). Traveling at a speed about 
100 times greater than the maximum 
speed of our faster spacecrafts, we 
would take about 600 years to reach 
Alpha of Centaur. Then imagine how 
many years we would take to leave our 
own galaxy. In fact, it is not difficult 
to see that our spacecrafts are very 
slow, even for travels in our own solar 
system.  
             One of the fundamental 
characteristics of the gravitational 
spacecraft, as we already saw, is its 
capability to acquire enormous 
accelerations without submitting the 
crew to any discomfort. 
          Impelled by gravitational 
thrusters gravitational spacecrafts can 
acquire accelerations until or 
more. This means that these 
spacecrafts can reach speeds very 
close to the speed of light in just a few 
seconds. These gigantic accelerations 
can be unconceivable for a layman, 
however they are common in our 
Universe. For example, when we 
submit an electron to an electric field 

28 .10 −sm
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of just  it acquires an 
acceleration , given by 

mVolt /1
a

                
( )( ) 211

31

19

.10
1011.9

/1106.1 −
−

−

≅
×

×
== smmVC

m
eEa

e

 

 
As we see, this acceleration is about 
100 times greater than that acquired by 
the gravitational spacecraft previously 
mentioned.  
          By using the gravitational 
shieldings it is possible to reduce the 
inertial effects upon the spacecraft. As 
we have shown, they are reduced by  
the factor igout MM=χ . Thus, if the 
inertial mass of the spacecraft is 

 and, by means of the 
gravitational shielding effect the 
gravitational mass of the spacecraft is 
reduced to  then , in spite 
of the effective acceleration to be 
gigantic, for example, , the 
effects for the crew of the spacecraft 
would be equivalents to an 
acceleration of only   

kgM i 000.10=

ig MM 810−≈

29 .10 −≈ sma

a′

( )( ) 298 .101010 −− ≈==′ sma
M
M

a
i

g

This acceleration is similar to that 
which the passengers of a 
contemporary commercial jet are 
subjected.    
          Therefore the crew of the 
gravitational spacecraft would be 
comfortable while the spacecraft 
would reach speeds close to the speed 
of light in few seconds. However to 
travel at such velocities in the 
Universe may note be practical. Take 
for example, Alpha of Centaur (4 
light-years far from the Earth): a round 
trip to it would last about eight years.  
Trips beyond that star could take then 
several decades, and this obviously is 

impracticable. Besides, to travel at 
such a speed would be very dangerous, 
because a shock with other celestial 
bodies would be inevitable.  However, 
as we showed [1] there is a possibility 
of a spacecraft travel quickly far 
beyond our galaxy without the risk of 
being destroyed by a sudden shock 
with some celestial body. The solution 
is the gravitational spacecraft travel 
through the Imaginary or Complex 
Space-time. 
          It was shown [1] that it is 
possible to carry out a transition to the 
Imaginary space-time or Imaginary 
Universe. It is enough that the body 
has its gravitational mass reduced to a 
value in the range of  
to

iM1590.+

iM1590.− . In these circumstances, 
the masses of the body (gravitational 
and inertial) become imaginaries and, 
so does the body. (Fig.7). 
Consequently, the body disappears 
from our ordinary space-time and 
appears in the imaginary space-time. 
In other words, it becomes invisible 
for an observer at the real Universe. 
Therefore, this is a way to get 
temporary invisibility of human 
beings, animals, spacecrafts, etc.  
          Thus, a spacecraft can leave our 
Universe and appear in the Imaginary 
Universe, where it can travel at any 
speed since in the Imaginary Universe 
there is no speed limit for the 
gravitational spacecraft, as it occurs in 
our Universe, where the particles 
cannot surpass the light speed. In this 
way, as the gravitational spacecraft is 
propelled by the gravitational 
thrusters, it can attain accelerations up 
to , then after one day of trip 
with this acceleration, it can  

29 .10 −sm
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Fig. 7 – Travel in the Imaginary Space-time. 
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 reach velocities (about 1 
million times the speed of light). With 
this velocity, after 1 month of trip the 
spacecraft would have traveled 
about . In order to have idea of 
this distance, it is enough to remind 
that the diameter of our Universe 
(visible Universe) is of the order 
of .   

114 .10 −≈ smV

m2110

m2610
          Due to the extremely low 
density of the imaginary bodies, the 
collision between them cannot have 
the same consequences of the collision 
between the dense real bodies.  
          Thus for a gravitational 
spacecraft in imaginary state the 
problem of the collision doesn't exist 
in high-speed. Consequently, the 
gravitational spacecraft can transit 
freely in the imaginary Universe and, 
in this way reach easily any point of 
our real Universe once they can make 
the transition back to our Universe by 
only increasing the gravitational mass 

of the spacecraft in such way that it 
leaves the range of  
to

iM1590.+

iM1590.− .  Thus the spacecraft can 
reappear in our Universe near its 
target.   
          The return trip would be done in 
similar way. That is to say, the 
spacecraft would transit in the 
imaginary Universe back to the 
departure place where would reappear 
in our Universe and it would make the 
approach flight to the wanted point. 
Thus, trips through our Universe that 
would delay millions of years, at 
speeds close to the speed of light, 
could be done in just a few months in 
the imaginary Universe.         
          What will an observer see when 
in the imaginary space-time? It will 
see light, bodies, planets, stars, etc., 
everything formed by imaginary 
photons, imaginary atoms, imaginary 
protons, imaginary neutrons and 
imaginary electrons.  That is to say, 
the observer will find an Universe 
similar to ours, just formed by 
particles with imaginary masses. The 
term imaginary adopted from the 
Mathematics, as we already saw, gives 
the false impression that these masses 
do not exist. In order to avoid this 
misunderstanding we researched the 
true nature of that new mass type and 
matter.   
          The existence of imaginary mass 
associated to the neutrino is well-
known. Although its imaginary mass is 
not physically observable, its square 
is. This amount is found 
experimentally to be negative. 
Recently, it was shown [1] that quanta 
of imaginary mass exist associated to 
the photons, electrons, neutrons, and 
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protons, and that these imaginary 
masses would have psychic properties 
(elementary capability of “choice”). 
Thus, the true nature of this new kind 
of mass and matter shall be psychic 
and, therefore we should not use the 
term imaginary any longer. 
Consequently from the above exposed 
we can conclude that the gravitational 
spacecraft penetrates in the Psychic 
Universe and not in an “imaginary” 
Universe. 
          In this Universe, the matter 
would be, obviously composed by 
psychic molecules and psychic atoms 
formed by psychic neutrons, psychic 
protons and psychic electrons. i.e., the 
matter would have psychic mass and 
consequently it would be subtle, much 
less dense than the matter of our real 
Universe. 
         Thus, from a quantum viewpoint, 
the psychic particles are similar to the 
material particles, so that we can use 
the Quantum Mechanics to describe 
the psychic particles. In this case, by 
analogy to the material particles, a 
particle with psychic mass  will be 
described by the following 
expressions:  

Ψm

                           

ψψ

ψψ

ωh

r
h

r

=

=

E
kp

 
Where  is the momentum 
carried by the wave and  its energy; 

Vmp
rr

Ψ=ψ

ψE

ψψ λπ2=k
r

 is the propagation number 
and Vmh Ψ=ψλ  the wavelength and 

ψψ πω f2=  its cyclic frequency.  
          The variable quantity that 
characterizes DeBroglie’s waves is 
called Wave Function, usually 

indicated byΨ . The wave function 
associated to a material particle 
describes the dynamic state of the 
particle: its value at a particular point 
x, y, z, t is related to the probability of 
finding the particle in that place and 
instant. Although  does not have a 
physical interpretation, its square 

Ψ
2Ψ  

(orΨ *Ψ ) calculated for a particular 
point x, y, z, t is proportional to the 
probability of experimentally finding 
the particle in that place and instant.  
          Since 2Ψ  is proportional to the 
probability P  of finding the particle 
described byΨ , the integral of 2Ψ  on 
the whole space must be finite – 
inasmuch as the particle is someplace.  
Therefore, if           

0V2 =Ψ∫
+∞

∞−
d

The interpretation is that the particle 
does not exist. Conversely, if 

∞=Ψ∫
+∞

∞−
V2d

the particle will be everywhere 
simultaneously.   
          The wave function Ψ  
corresponds, as we know, to the 
displacement y  of the undulatory 
motion of a rope. However,Ψ  as 
opposed to y , is not a measurable 
quantity and can, hence, being a 
complex quantity. For this reason, it is 
admitted that Ψ  is described in the x -
direction by  

( )( )pxEthiBe −−=Ψ π2

This equation is the mathematical 
description of the wave associated 
with a free material particle, with total 
energy E  and momentum , moving in 
the direction

p
x+ .   

          As concerns the psychic 
particle, the variable quantity 
characterizing psyche waves will also 
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be called wave function, denoted by 

 ( to distinguish it from the material 
particle wave function), and, by 
analogy with equation of 

ΨΨ

Ψ , 
expressed by:   

( )( )xptEhie ΨΨ −−
Ψ Ψ=Ψ π2

0

          If an experiment involves a 
large number of identical particles, all 
described by the same wave function 

 , the real density of mass  Ψ ρ  of 
these particles in x, y, z, t is 
proportional to the corresponding 
value  (  is known as density of 
probability. If  is complex then 

. Thus, ).  
Similarly, in the case of psychic 
particles, the density of psychic mass, 

2Ψ 2Ψ
Ψ

*ΨΨ=Ψ 2 *.ΨΨ=Ψ∝ 2ρ

Ψρ , in x, y, z,  will be expressed by 
. It is known that  

is always real and positive while 

*
ΨΨΨΨ ΨΨ=Ψ∝ 2ρ 2

ΨΨ

VmΨΨ =ρ  is an imaginary quantity. 
Thus, as the modulus of an imaginary 
number is always real and positive, we 
can transform the proportion , 
in equality in the following form:  

2
ΨΨ Ψ∝ρ

ΨΨ =Ψ ρk2

Where  is a proportionality constant 
(real and positive) to be determined.   

k

          In Quantum Mechanics we have 
studied the Superposition Principle, 
which affirms that, if a particle (or 
system of particles) is in a dynamic 
state represented by a wave function 

 and may also be in another 
dynamic state described by  then, 
the general dynamic state of the 
particle may be described by 

1Ψ

2Ψ

Ψ , 
where  is a linear combination 
(superposition) of  and , i.e., 

Ψ

1Ψ 2Ψ

2211 Ψ+Ψ=Ψ cc
The Complex constants  e  
respectively express the percentage of 

dynamic state, represented by 

1c 2c

1Ψ  e 
2Ψ  in the formation of the general 

dynamic state described by .  Ψ
          In the case of psychic particles 
(psychic bodies, consciousness, etc.), 
by analogy, if 1ΨΨ , ,...,  refer 
to the different dynamic states the 
psychic particle takes, then its general 
dynamic state may be described by the 
wave function 

2ΨΨ nΨΨ

ΨΨ  , given by:   
nnccc ΨΨΨΨ Ψ++Ψ+Ψ=Ψ ...2211

The state of superposition of wave 
functions is, therefore, common for 
both psychic and material particles. In 
the case of material particles, it can be 
verified, for instance, when an electron 
changes from one orbit to another. 
Before effecting the transition to 
another energy level, the electron 
carries out “virtual transitions” [6]. A 
kind of relationship with other 
electrons before performing the real 
transition. During this relationship 
period, its wave function remains 
“scattered” by a wide region of the 
space [7] thus superposing the wave 
functions of the other electrons. In this 
relationship the electrons mutually 
influence each other, with the 
possibility of intertwining their wave 
functions§. When this happens, there 
occurs the so-called Phase 
Relationship according to quantum-
mechanics concept.  
          In the electrons “virtual” 
transition mentioned before, the 
“listing” of all the possibilities of the 
electrons is described, as we know, by 
Schrödinger’s wave equation. 
                                           
§ Since the electrons are simultaneously  waves and 
particles, their wave aspects will interfere with each 
other; besides superposition, there is also the 
possibility of occurrence of intertwining of their wave 
functions.  
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Otherwise, it is general for material 
particles. By analogy, in the case of 
psychic particles, we may say that the 
“listing” of all the possibilities of the 
psyches involved in the relationship 
will be described by Schrödinger’s 
equation – for psychic case, i.e., 

02

2
2 =Ψ+Ψ∇ Ψ

Ψ
Ψ

h

p

         Because the wave functions are 
capable of intertwining themselves, 
the quantum systems may “penetrate” 
each other, thus establishing an 
internal relationship where all of them 
are affected by the relationship, no 
longer being isolated systems but 
becoming an integrated part of a larger 
system. This type of internal 
relationship, which exists only in 
quantum systems, was called 
Relational Holism [8].  
          We have used the Quantum 
Mechanics in order to describe the 
foundations of the Psychic Universe 
which the Gravitational Spacecrafts 
will find, and that influences us daily. 
These foundations recently discovered 
– particularly the Psychic Interaction, 
show us that a rigorous description of 
the Universe cannot to exclude the 
psychic energy and the psychic 
particles.   This verification makes 
evident the need of to redefine the 
Psychology with basis on the quantum 
foundations recently discovered. This 
has been made in the article: “Physical 
Foundations of Quantum 
Psychology”**[9], recently published, 
where it is shown that the Psychic 
Interaction leads us to understand the 
Psychic Universe and the 
extraordinary relationship that the 
                                           
** http://htpprints.yorku.ca/archive/00000297  

human consciousnesses  establish 
among themselves and with the 
Ordinary Universe.    Besides, we have 
shown that the Psychic Interaction 
postulates a new model for the 
evolution theory, in which the 
evolution is interpreted not only as a 
biological fact, but mainly as psychic 
fact.  Therefore, is not only the 
mankind that evolves in the Earth’s 
planet, but all the ecosystem of the 
Earth.  
 
 
6. Past and Future  

 
          It was shown [1,9] that the 
collapse of the psychic wave function 
must suddenly also express in reality 
(real space-time) all the possibilities 
described by it. This is, therefore, a 
point of decision in which there occurs 
the compelling need of realization of 
the psychic form. We have seen that 
the materialization of the psychic 
form, in the real space-time, occurs 
when it contains enough psychic mass 
for the total materialization†† of the 
psychic form (Materialization 
Condition).  When this happens, all the 
psychic energy contained in the 
psychic form is transformed in real 
energy in the real space-time. Thus, in 
the psychic space-time just the 
holographic register of the psychic 
form, which gives origin to that fact, 
survives, since the psychic energy 
deforms the metric of the psychic 
space-time‡‡, producing the 
                                           
†† By this we mean not only materialization proper but 
also the movement of matter to realize its psychic 
content (including radiation).   
‡‡  As shown in General Theory of Relativity the 
energy modifies the metric of the space-time 
(deforming the space-time).  
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holographic register.   Thus, the past 
survive in the psychic space-time just 
in the form of holographic register. 
That is to say, all that have occurred in 
the past is holographically registered 
in the psychic space-time. Further 
ahead, it will be seen that this register 
can be accessed by an observer in the 
psychic space-time as well as by an 
observer in the real space-time.   
          A psychic form is intensified by 
means of a continuous addition of 
psychic mass. Thus, when it acquires 
sufficiently psychic mass, its 
realization occurs in the real space-
time. Thus the future is going being 
built in the present. By means of our 
current thoughts we shape the psychic 
forms that will go (or will not) take 
place in the future. Consequently, 
those psychic forms are continually 
being holographically registered in the 
psychic space-time and, just as the 
holographic registrations of the past 
these future registration can also be 
accessed by the psychic space-time as 
well as by the real space-time. 
          The access to the holographic 
registration of the past doesn't allow, 
obviously, the modification of the 
past. This is not possible because there 
would be a clear violation of the 
principle of causality that says that the 
causes should precede the effects. 
However, the psychic forms that are 
being shaped now in order to manifest 
themselves in the future, can be 
modified before they manifest 
themselves. Thus, the access to the 
registration of those psychic forms 
becomes highly relevant for our 
present life, since we can avoid the 
manifestation of many unpleasant facts 
in the future.   

         Since both registrations are in 
the psychic space-time, then the access 
to their information only occur by 
means of the interaction with another 
psychic body, for example, our 
consciousness or a psychic observer 
(body totally formed by psychic mass).  
We have seen that, if the gravitational 
mass of a body is reduced to within the 
range iM1590.+  to , its 
gravitational and inertial masses 
become imaginaries (psychics) and, 
therefore, the body becomes a psychic 
body.  Thus, a real observer can also 
become in a psychic observer.   In this 
way, a gravitational spacecraft can 
transform all its inertial mass into 
psychic mass, and thus carry out a 
transition to the psychic space-time 
and become a psychic spacecraft. In 
these circumstances, an observer 
inside the spacecraft also will have its 
mass transformed into psychic mass, 
and, therefore, the observer also will 
be transformed into a psychic 
observer. What will this observer see 
when it penetrates the psychic 
Universe? According to the 
Correspondence principle, all that 
exists in the real Universe must have 
the correspondent in the psychic 
Universe and vice-versa. This 
principle reminds us that we live in 
more than one world. At the present 
time, we live in the real Universe, but 
we can also live in the psychic 
Universe. Therefore, the psychic 
observer will see the psychic bodies 
and their correspondents in the real 
Universe.   Thus, a pilot of a 
gravitational spacecraft, in travel 
through the psychic space-time, won't 
have difficulty to spot the spacecraft in 
its trips through the Universe.   

iM1590.−
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          The fact of the psychic forms 
manifest themselves in the real space-
time exactly at its images and likeness, 
it indicates that real forms (forms in 
the real space-time) are prior to all 
reflective images of psychic forms of 
the past. Thus, the real space-time is a 
mirror of the psychic space-time. 
Consequently, any register in the 
psychic space-time will have a 
correspondent image in the real space-
time. This means that it is possible that 
we find in the real space-time the 
image of the holographic register 
existing in the psychic space-time, 
corresponding to our past. Similarly, 
every psychic form that is being 
shaped in the psychic space-time will 
have reflective image in the real space-
time. Thus, the image of the 
holographic register of our future 
(existing in the psychic space-time) 
can also be found in the real space-
time. 
          Each image of the holographic 
register of our future will be obviously 
correlated to a future epoch in the 
temporal coordinate of the space-time. 
In the same way, each image of the 
holographic registration of our past 
will be correlated to a passed time in 
the temporal coordinate of the referred 
space-time. Thus, in order to access 
the mentioned registrations we should 
accomplish trips to the past or future 
in the real space-time. This is possible 
now, with the advent of the 
gravitational spacecrafts because they 
allow us to reach speeds close to the 
speed of light. Thus, by varying the 
gravitational mass of the spacecraft for 
negative or positive we can go 
respectively to the past or future [1].        

          If the gravitational mass of a 
particle is positive, then  is always 
positive and given by 

t
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This leads to the well-known 
relativistic prediction that the particle 
goes to the future if .  However, 
if the gravitational mass of the particle 
is negative, then t  is also negative and, 
therefore, given by  

cV →

 
22

0 1 cVtt −−=

 
In this case, the prevision is that the 
particle goes to the past if .  In 
this way, negative gravitational mass 
is the necessary condition to the 
particle to go to the past.    

cV →

          Since the acceleration of a 
spacecraft with gravitational mass , 
is given by 

gm

gmFa = , where  is the 
thrust of its thrusters, then the more we 
reduce the value of  the bigger the 
acceleration of the spacecraft will be. 
However, since the value of  cannot 
be reduced to the range  to 

F

gm

gm

iM1590.+

iM1590.−  because the spacecraft 
would become a psychic body,  and it 
needs to remain in the real space-time 
in order to access the past or the future 
in the real space-time, then, the ideal 
values for the spacecraft to operate 
with safety would be . Let us 
consider a gravitational spacecraft 
whose inertial mass is . If 
its gravitational mass was made 
negative and equal to 

im2.0±

kgmi 000.10=

kgmm ig 20002.0 −=−=  and, at this 
instant the thrust produced by the 
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thrusters of the spacecraft was 

 then, the spacecraft would 
acquire acceleration 

NF 510=
2.50 −== smmFa g  

and, after , the 
speed of the spacecraft would be 

. Therefore, right 
after that the spacecraft returned to the 
Earth, its crew would find the Earth in 
the past (due to the negative 
gravitational mass of the spacecraft) at 
a time   

sdayst 6105.230 ×==

csmv 4.0.102.1 18 =×= −

22
0 1 cVtt −−= ; is the time 

measured by an observer at rest on the 
Earth.  Thus, if AD, the time 
interval would be expressed 
by 
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That is, the spacecraft would be in the 
year 1826 AD. On the other hand, if 
the gravitational mass of the spacecraft 
would have become positive 

, instead of 
negative, then the spacecraft would be 
in the future at  

kgmm ig 20002.0 +=+=

yearst 183+=Δ  from 
2009. That is, it would be in the year 
2192 AD.  
 
7. Instantaneous Interestelar 
Communications  
 
          Consider a cylindrical GCC 
(GCC antenna) as shown in Fig.8. The 
gravitational mass of the air inside the 
GCC is 
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Where ( )arσ  is the electric conductivity 

of the ionized air inside the GCC 
and ( )arρ is its density; is the 
frequency of the magnetic field.  

f

          By varying B  one can vary 
 and consequently to vary the 

gravitational field generated by , 
producing then Gravitational 
Radiation. Then a GCC can work as a 
Gravitational Antenna. 

( )airgm

( )airgm

          Apparently, Newton’s theory of 
gravity had no gravitational waves 
because, if a gravitational field 
changed in some way, that change 
would have taken place 
instantaneously everywhere in space, 
and one can think that there is not a 
wave in this case. However, we have 
already seen that the gravitational 
interaction can be repulsive, besides 
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Fig. 8 – Transmitter and Receiver of Virtual Gravitational Radiation.               
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attractive. Thus, as with 
electromagnetic interaction, the 
gravitational interaction must be 
produced by the exchange of "virtual" 
quanta of spin 1 and mass null, i.e., the 
gravitational "virtual" quanta 
(graviphoton) must have spin 1 and 
not 2. Consequently, the fact that a 
change in a gravitational field reaches 
instantaneously every point in space 
occurs simply due to the speed of the 
graviphoton to be infinite. It is known 
that there is no speed limit for 
“virtual” photons. On the other hand, 
the electromagnetic quanta (“virtual” 
photons) can not communicate the 
electromagnetic interaction to an 
infinite distance.  
          Thus, there are two types of 
gravitational radiation: the real and 
virtual, which is constituted of 
graviphotons; the real gravitational 
waves are ripples in the space-time 
generated by gravitational field 
changes. According to Einstein’s 
theory of gravity the velocity of 
propagation of these waves is equal to 
the speed of light [10].   
          Unlike the electromagnetic 
waves the real gravitational waves 
have low interaction with matter and 
consequently low scattering. Therefore 
real gravitational waves are suitable as 
a means of transmitting information. 
However, when the distance between 
transmitter   and   receiver    is too 
large, for example of the order of 
magnitude of several light-years, the 
transmission of information by means 
of gravitational waves becomes 
impracticable due to the long time 
necessary to receive the information. 
On the other hand, there is no delay 
during the transmissions by means of 

virtual gravitational radiation. In 
addition, the   scattering of this 
radiation is null. Therefore the virtual 
gravitational radiation is very suitable 
as a means of transmitting information 
at any distances, including 
astronomical distances.            
          As concerns detection of the 
virtual gravitational radiation from 
GCC antenna, there are many options. 
Due to Resonance Principle a similar 
GCC antenna (receiver) tuned at the 
same frequency can absorb energy 
from an incident virtual gravitational 
radiation (See Fig.8 (b)). 
Consequently, the gravitational mass 
of the air inside the GCC receiver will 
vary such as the gravitational mass of 
the air inside the GCC transmitter. 
This will induce a magnetic field 
similar to the magnetic field of the 
GCC transmitter and therefore the 
current through the coil inside the 
GCC receiver will have the same 
characteristics of the current through 
the coil inside the GCC transmitter. 
However, the volume and pressure of 
the air inside the two GCCs must be 
exactly the same; also the type and the 
quantity of atoms in the air inside the 
two GCCs must be exactly the same. 
Thus, the GCC antennas are simple 
but they are not easy to build. 
          Note that a GCC antenna 
radiates graviphotons and 
gravitational waves simultaneously 
(Fig. 8 (a)). Thus, it is    not only   a   
gravitational antenna: it is a Quantum 
Gravitational Antenna because it can 
also emit and detect gravitational 
"virtual" quanta (graviphotons), 
which, in turn, can transmit 
information instantaneously from any 
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E

distance in the Universe without 
scattering.  
          Due to the difficulty to build 
two similar GCC antennas and, 
considering that the electric current in 
the receiver antenna can be detectable 
even if the gravitational mass of the 
nuclei of the antennas are not strongly 
reduced, then we propose to replace 
the gas at the nuclei of the antennas by 
a thin dielectric lamina. When the 
virtual gravitational radiation strikes 
upon the dielectric lamina, its 
gravitational mass varies similarly to 
the gravitational mass of the dielectric 
lamina of the transmitter antenna, 
inducing an electromagnetic field 
( , B ) similar to the transmitter 
antenna. Thus, the electric current in 
the receiver antenna will have the 
same characteristics of the current in 
the transmitter antenna. In this way, it 
is then possible to build two similar 
antennas whose nuclei have the same 
volumes and the same types and 
quantities of atoms.  
          Note that the Quantum 
Gravitational Antennas can also be 
used to transmit electric power. It is 
easy to see that the Transmitter and 
Receiver can work with strong 
voltages and electric currents. This 
means that strong electric power can 
be transmitted among Quantum 
Gravitational Antennas. This 
obviously solves the problem of 
wireless electric power transmission. 
Thus, we can conclude that the 
spacecrafts do not necessarily need to 
have a system for generation of 
electric energy inside them. Since the 
electric energy to be used in the 
spacecraft can be instantaneously 
transmitted from any point of the 

Universe, by means of the above 
mentioned systems of transmission 
and reception of “virtual” gravitational 
waves.   
 
8. Origin of Gravity and Genesis of 
the Gravitational Energy  
 
          It was shown [1] that the 
“virtual” quanta of the gravitational 
interaction must have spin 1 and not 2, 
and that they are “virtual” photons 
(graviphotons) with zero mass outside 
the coherent matter. Inside the 
coherent matter the graviphotons mass 
is non-zero. Therefore, the 
gravitational forces are also gauge 
forces, because they are yielded by the 
exchange of "virtual" quanta of spin 1, 
such as the electromagnetic forces and 
the weak and strong nuclear forces.  
          Thus, the gravitational forces 
are produced by the exchanging of 
“virtual” photons (Fig.9). 
Consequently, this is precisely the 
origin of the gravity.    
          Newton’s theory of gravity does 
not explain why objects attract one 
another; it simply models this 
observation. Also Einstein’s theory 
does not explain the origin of gravity. 
Einstein’s theory of gravity only 
describes gravity with more precision 
than Newton’s theory does.  
          Besides, there is nothing in both 
theories explaining the origin of the 
energy that produces the gravitational 
forces. Earth’s gravity attracts all 
objects on the surface of our planet. 
This has been going on for over 4.5 
billions years, yet no known energy 
source is being converted to support 
this tremendous ongoing energy 
expenditure. Also is the enormous 
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continuous energy expended by 
Earth’s gravitational field for 
maintaining the Moon in its orbit - 
millennium after millennium. In spite 
of the ongoing energy expended by 
Earth’s gravitational field to hold 
objects down on surface and the Moon 
in orbit, why the energy of the field 
never diminishes in strength or drains 
its energy source? Is this energy 
expenditure balanced by a conversion 
of energy from an unknown energy 
source?  
 
 
 
 
 
 
 
 
                                                                    
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9 – Origin of Gravity: The gravitational forces are
produced by the exchanging of “virtual” photons
(graviphotons). 

Exchanging of “virtual” photons 
(graviphotons) 

g 

 
The energy W  necessary to support 
the effort expended by the 
gravitational forces  is well-known 
and given by 

F

r
mM

GFdrW ggr
−== ∫∞

 According to the Principle of Energy 
Conservation, the spending of this 
energy must be compensated by a 
conversion of another type of energy. 

          The Uncertainty Principle 
tells us that, due to the occurrence of 
exchange of graviphotons in a time 
interval Et Δ<Δ h  (where EΔ is the 
energy of the graviphoton), the energy 
variation EΔ  cannot be detected in the 
system gg mM − . Since the total energy 

 is the sum of the energy of the  
graviphotons, i.e., 
W n

nEEEW Δ++Δ+Δ= ...21 , 
then the energy W  cannot be detected 
as well. However, as we know it can 
be converted into another type of 
energy, for example, in rotational 
kinetic energy, as in the hydroelectric 
plants, or in the Gravitational Motor, 
as shown in this work.  
        It is known that a quantum of 
energy hfE =Δ , which varies during a 
time interval Ecft Δ<==Δ hλ1  
(wave period) cannot be 
experimentally detected. This is an 
imaginary photon or a “virtual” 
photon. Thus, the graviphotons are 
imaginary photons, i.e., the energies 

iEΔ   of the graviphotons are 
imaginaries energies and therefore the 
energy nEEEW Δ++Δ+Δ= ...21  is also 
an imaginary energy.  Consequently, it 
belongs to the imaginary space-time.  
          It was shown [1] that, imaginary 
energy is equal to psychic energy. 
Consequently, the imaginary space-
time is, in fact, the psychic space-time, 
which contains the Supreme 
Consciousness. Since the Supreme 
Consciousness has infinite psychic 
mass [1], then the psychic space-time 
contains infinite psychic energy. This 
is highly relevant, because it confers to 
the Psychic Universe the characteristic 
of unlimited source of energy.  Thus, 
as the origin of the gravitational 
energy it is correlated to the psychic 
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energy, then the spending of 
gravitational energy can be supplied 
indefinitely by the Psychic Universe.  
          This can be easily confirmed by 
the fact that, in spite of the enormous 
amount of energy expended by Earth’s 
gravitational field to hold objects 
down on the surface of the planet and 
maintain the Moon in its orbit, the 
energy of Earth’s gravitational field 
never diminishes in strength or drains 
its energy source. 
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APPENDIX A: The Simplest Method to Control the Gravity   
 
          In this Appendix we show the 
simplest method to control the gravity.  
          Consider a body with mass 
density ρ  and the following electric 
characteristics: rμ , rε ,σ  (relative 
permeability, relative permittivity and  
electric conductivity, respectively). 
Through this body, passes an electric 
current I , which is the sum of a 
sinusoidal current tiiosc ωsin0= and the 
DC current , i.e., DCI tiII DC ωsin0+=  
; fπω 2= . If  then DCIi <<0 DCII ≅ . 
Thus, the current I  varies with the 
frequency , but the variation of its 
intensity is quite small in comparison 
with , i.e., 

f

DCI I  will be practically 
constant (Fig. A1). This is of 
fundamental importance for 
maintaining the value of the 
gravitational mass of the body, , 
sufficiently stable during all the time.  

gm

          The gravitational mass of the 
body is given by [1] 
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whereU , is the electromagnetic energy 
absorbed by the body and  is the 
index of refraction of the body.   

rn

 Equation (A1) can also be rewritten in 
the following form 
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Fig. A1 - The electric current I  varies with
frequency f . But the variation of  

 
I  is quite small 

in comparison with DCI  due to DCo Ii << . In this 
way, we can consider DCII ≅ . 

t 

IDC 

I = IDC + iosc 

i0 

 
 
where,  VUW =  is the density of 
electromagnetic energy and V0im=ρ  
is the density of inertial mass. 
          The instantaneous values of the 
density of electromagnetic energy in 
an electromagnetic field can be 
deduced from Maxwell’s equations 
and has the following expression  
 

( )32
2
12

2
1 AHEW με +=

 
where tEE m ωsin= and tHH ωsin=  are 
the instantaneous values of the electric 
field and the magnetic field 
respectively. 
          It is known that HB μ= , 

rkBE ω=  [11] and 
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ω

where    is     the    real part of the 
propagation vector k

rk
r

(also called 
phase constant ); ir ikkkk +==

r
 ; ε , μ 

and σ,   are the electromagnetic 
characteristics of the medium in which 
the incident (or emitted) radiation is 
propagating( 0εεε r= ;   
;

mF /10854.8 12
0

−×=ε

0μμμ r=  where ). It is 
known that for free-space 

m/H7
0 104 −×= πμ

0=σ and 1== rr με . Then Eq. (A4) 
gives 

cv =  
From (A4), we see that the index of 
refraction  vcnr =   is given by 
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Equation (A4) shows that 

vr =κω .Thus, vkBE r == ω , i.e.,  
( )6AHvvBE μ==

Then, Eq. (A3) can be rewritten in the 
following form: 
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For ωεσ << , Eq. (A4) reduces to 
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Then, Eq. (A7) gives 
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This equation can be rewritten in the 
following forms: 
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( )92 AEW ε=  

For ωεσ >> , Eq. (A4) gives 
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Then, from Eq. (A7) we get 
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Since HvvBE μ== , we can rewrite 
(A11) in the following forms: 
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By comparing equations (A8) (A9) 
(A12) and (A13), we can see that Eq. 
(A13) shows that the best way to 
obtain a strong value of W  in practice 
is by applying an Extra Low-
Frequency (ELF) electric field 
( )Hzfw 12 <<= π  through a medium 
with high electrical conductivity.  
          Substitution of Eq. (A13) into 
Eq. (A2), gives 

( )14

110758.1121

1
256

121

1
44

121

0
4

32

3
27

0
4

32

3

23
0

02

43

2

A

mE
f

mE
fc

mE
fc

m

i
r

i
r

ig

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
×+−=

=
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛+−=

=
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−=

−

ρ
σμ

ρ
σμ

π
μ

ρπ
σμ

Note that tEE m ωsin= .The average 
value for 2E  is equal to 2

2
1

mE  because 
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E  varies sinusoidaly (   is the 
maximum value for

mE
E ). On the other 

hand, 2mrms EE = . Consequently we 
can change 4E  by , and the 
equation above can be rewritten as 
follows 
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Substitution of the well-known 
equation of the Ohm's vectorial Law: 

Ej σ=  into (A14), we get 
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where 2jjrms = .           
          Consider a 15 cm square 
Aluminum thin foil of 10.5 microns 
thickness with the following 
characteristics: 1=rμ  ; ; 

. Then, (A15) gives 

17 .1082.3 −×= mSσ
3.2700 −= mKgρ
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Now, consider that the ELF electric 
current tiII DC ωsin0+= ,  
passes through that Aluminum foil. 
Then, the current density is  

( DCIi <<0 )
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I
j DCrms

rms ≅=   

where  
 

( ) 266 1057.1105.1015.0 mmmS −− ×=×=
 
          If the ELF electric current has 
frequency , then, the 
gravitational mass of the aluminum 
foil, given by (A16), is expressed by  

HzHzf 61022 −×== μ
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For AI DC 2.2= , the equation above 
gives 
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This means that the gravitational 
shielding produced by the aluminum 
foil can change the gravity 
acceleration above the foil down to  
 

( )211 Aggg −≅=′ χ
 
Under these conditions, the Aluminum 
foil works basically as a Gravity 
Control Cell (GCC).  
          In order to check these 
theoretical predictions, we suggest an 
experimental set-up shown in Fig.A2.  
          A 15cm square Aluminum foil 
of 10.5 microns thickness with the 
following composition: Al 98.02%; Fe 
0.80%; Si 0.70%; Mn 0.10%; Cu 
0.10%; Zn 0.10%; Ti 0.08%; Mg 
0.05%; Cr 0.05%,  and with the 
following characteristics: 1=rμ ; 

; , is fixed 
on a 17 cm square Foam Board 

17 .1082.3 −×= mSσ 3.2700 −= mKgρ
§§ 

plate of 6mm thickness as shown in 
Fig.A3. This device (the simplest 
                                           
§§ Foam board is a very strong, lightweight (density: 
24.03 kg.m-3) and easily cut material used for the 
mounting of photographic prints, as backing in picture 
framing, in 3D design, and in painting. It consists of 
three layers — an inner layer of polystyrene clad with 
outer facing of either white clay coated paper or 
brown Kraft paper. 
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Gravity Control Cell GCC) is placed 
on a pan balance shown in Fig.A2.   
          Above the Aluminum foil, a 
sample (any type of material, any 
mass) connected to a dynamometer 
will check the decrease of the local 
gravity acceleration upon the sample 
( )gg χ=′ ,  due to the gravitational 
shielding produced by the decreasing 
of gravitational mass of the Aluminum 
foil ( )0ig mm=χ . Initially, the sample 
lies 5 cm above the Aluminum foil. As 
shown in Fig.A2, the board with the 
dynamometer can be displaced up to 
few meters in height. Thus, the initial 
distance between the Aluminum foil 
and the sample can be increased in 
order to check the reach of the 
gravitational shielding produced by the 
Aluminum foil.  
          In order to generate the ELF 
electric current of Hzf μ2= , we can 
use the widely-known Function 
Generator HP3325A (Op.002 High 
Voltage Output) that can generate 
sinusoidal voltages with extremely-low 
frequencies down to   and 
amplitude up to 20V (40V

Hzf 6101 −×=

pp into Ω500  
load). The maximum output current 
is ; output impedance <2Ω at 
ELF . 

ppA.080

         Figure A4 (a) shows the 
equivalent electric circuit for the 
experimental set-up. The 
electromotive forces are: 1ε (HP3325A) 
and 2ε  (12V DC Battery).The values 
of the resistors are 
: ; ;WR 25001 −Ω= Ω< 21ir WR 4042 −Ω=

; ; ; Rheostat 
(0≤ R ≤10Ω - 90W). The coupling 
transformer has the following 
characteristics: air core with diameter 

Ω< 1.02ir Ω×= −3105.2pR

mm10=φ ; area 252 108.74 m−×==πφS ; 
wire#12AWG; 2021 === NNN ; ; mml 42=

( ) HlSNLLL 72
021 103.9 −×==== μ .Thus, 

we get  
( ) ( ) Ω≅++= 50122

111 LrRZ i ω

and 
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          The maxima rms currents have 
the following values: 

mAZVI totalpp 5640 min
,12

1max
1 ==

(The maximum output current of the 
Function Generator HP3325A (Op.002 
High Voltage Output) is 

rmspp mAmA 5.5680 ≅ );
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Z

I 3min
2

2max
2 ==
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AIII 3max

1
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2
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3 ≅+=

 
          The new expression for the 
inertial forces, (Eq.5) , shows 
that the inertial forces are proportional 
to gravitational mass. Only in the 
particular case of , the 
expression above reduces to the well-
known Newtonian expression 

aMF gi
rr

=

0ig mm =

amF ii
rr

0= . The equivalence between 
gravitational and inertial forces ( )gi FF

rr
≡  

[1] shows then that a balance measures 
the gravitational mass subjected to 



 30
acceleration . Here, the decrease 
in the gravitational mass of the 
Aluminum foil will be measured by a 
pan balance with the following 
characteristics: range 0-200g;  
readability 0.01g.  

ga =

          The mass of the Foam Board 
plate is: , the mass of the 
Aluminum foil is: 

g17.4≅

g64.0≅ , the total 
mass of the ends and the electric wires 
of connection is . Thus, initially 
the balance will show . 
According to (A18), when the electric 
current through the Aluminum foil 
(resistance

g5≅

g81.9≅

Ω×== −3* 105.2Slrp σ ) reaches 
the value , we will get  

. Under these 
circumstances, the balance will show:  

AI 2.23 ≅

( ) ( )AliAlg mm 0−≅

 
gggg 53.864.064.081.9 ≅−−

  
and the gravity acceleration  above 
the Aluminum foil, becomes 

.             

g ′

ggg 1−≅=′ χ
          It was shown [1] that, when the 
gravitational mass of a particle is 
reduced to the gravitational mass 
ranging between  to 

, it becomes imaginary, i.e., 
the gravitational and the inertial 
masses of the particle become 
imaginary. Consequently, the particle 
disappears from our ordinary space-
time. This phenomenon can be 
observed in the proposed experiment, 
i.e., the Aluminum foil will disappear 
when its gravitational mass becomes 
smaller than . It will become 
visible again, only when its 
gravitational mass becomes smaller 

than 

iM1590.+

iM1590.−

iM1590.+

iM1590.− , or when it becomes 
greater than iM1590.+ .  
          Equation (A18) shows that the 
gravitational mass of the Aluminum 
foil, , goes close to zero when 

. Consequently, the gravity 
acceleration above the Aluminum foil 
also goes close to zero since 

( )Algm

AI 76.13 ≅

( ) ( )AliAlg mmgg 0==′ χ . Under these 
circumstances, the Aluminum foil 
remains invisible.  
          Now consider a rigid Aluminum 
wire # 14 AWG. The area of its cross 
section is 
 
 ( ) 2623 1008.2410628.1 mmS −− ×=×= π   
 
          If an ELF electric current with 
frequency  passes 
through this wire, its gravitational 
mass, given by (A16), will be 
expressed by  

HzHzf 61022 −×== μ
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 For AI DC 3≅  the equation above gives 
 

 
08.3 ig mm −≅

Note that we can replace the 
Aluminum foil for this wire in the 
experimental set-up shown in Fig.A2. 
It is important also to note that an ELF 
electric current that passes through a 
wire - which makes a spherical form, 
as shown in Fig A5 - reduces the 
gravitational mass of the wire (Eq. 
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A22), and the gravity inside sphere at 
the same proportion, 0ig mm=χ , 
(Gravitational Shielding Effect). In 
this case, that effect can be checked by 
means of the Experimental set-up 2 
(Fig.A6). Note that the spherical form 
can be transformed into an ellipsoidal 
form or a disc in order to coat, for 
example, a Gravitational Spacecraft. It 
is also possible to coat with a wire 
several forms, such as cylinders, 
cones, cubes, etc.  
          The circuit shown in Fig.A4 (a) 
can be modified in order to produce a 
new type of Gravitational Shielding, as 
shown in Fig.A4 (b).  In this case, the 
Gravitational Shielding will be 
produced in the Aluminum plate, with 
thickness , of the parallel plate 
capacitor connected in the point 

h
P  of 

the circuit (See Fig.A4 (b)). Note that, 
in this circuit, the Aluminum foil 
(resistance ) (Fig.A4(a)) has been 
replaced by a Copper wire # 14 AWG 
with 1cm  length (

pR

cml 1= ) in order to 
produce a resistance . 
Thus, the voltage in the point 

Ω×= −51021.5φR

P  of the 
circuit will have the maximum value 

 when the resistance of 
the rheostat is null  and the 
minimum value when 

. In this way, the voltage 
(with frequency 

VV p
4max 101.1 −×=

( 0=R )
VV p

5min 1003.4 −×=

Ω=10R

pV Hzf μ2= ) applied 
on the capacitor will produce an 
electric field  with intensity pE

hVE pp =  through the Aluminum plate 
of thickness . It is important to 
note that this plate cannot be 
connected to ground (earth), in other 
words, cannot be grounded, because, 

in this case, the electric field 
through it will be null 

mmh 3=

***.  
          According to Eq. A14, 
when mVhVE pp /036.0maxmax == , Hzf μ2= and

,  
(Aluminum), we get  

mSAl /1082.3 7×=σ 3/2700 mkgAl =ρ

( )

( )
9.0−≅=

Ali

Al

m
m

χ

Under these conditions, the maximum 
current density through the plate with 
thickness  will be given by 

(It is well-
known that the maximum current 
density supported by the Aluminum 
is ).   

h
26maxmax /104.1 mAEj pAl ×==σ

28 /10 mA≈
          Since the area of the plate is 

( ) 222 1042.0 mA −×== , then the maximum 
current is . Despite 
this enormous current, the maximum 
dissipated power will be just 

kAAji 56maxmax ==

( ) WRiP plate 2.6
2maxmax == , because the 

resistance of the plate is very small, 
i.e., Ω×≅= −9102AhR Alplate σ . 
          Note that the area  of the plate 
(where the Gravitational Shielding 
takes place) can have several 
geometrical configurations. For 
example, it can be the area of the 
external surface of an ellipsoid, sphere, 
etc. Thus, it can be the area of the 
external surface of a Gravitational 
Spacecraft. In this case, if , 
for example, the maximum dissipated 

A

2100mA ≅

                                           
*** When the voltage Vp is applied on the capacitor, the 
charge distribution in the dielectric induces positive 
and negative charges, respectively on opposite sides of 
the Aluminum plate with thickness h. If the plate is 
not connected to the ground (Earth) this charge 
distribution produces an electric field Ep=Vp/h through 
the plate. However, if the plate is connected to the 
ground, the negative charges (electrons) escapes for 
the ground and the positive charges are redistributed 
along the entire surface of the Aluminum plate making 
null the electric field through it.   
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power will be , i.e., 
approximately .  

kWP 4.15max ≅
2/154 mW

         All of these systems work with 
Extra-Low Frequencies ( )Hzf 310−<< . 
Now, we show that, by simply 
changing the geometry of the surface 
of the Aluminum foil, it is possible to 
increase the working frequency  up 
to more than 1Hz.   

f

          Consider the Aluminum foil, 
now with several semi-spheres 
stamped on its surface, as shown in   
Fig. A7 .  The semi-spheres have 
radius , and are joined one 
to another. The Aluminum foil is now 
coated by an insulation layer with 
relative permittivity 

mmr 9.00 =

rε  and dielectric 
strength . A voltage source is 
connected to the Aluminum foil in 
order to provide a voltage (rms) 
with frequency . Thus, the electric 
potential  at a distance 

k

0V
f

V r , in the 
interval from  to , is given by  0r a
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rεπε
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In the interval  the electric 
potential is 

bra ≤<
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since for the air we have 1≅rε . 
          Thus, on the surface of the 
metallic spheres (  we get )0rr =
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Consequently, the electric field is  
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By comparing (A26) with (A25), we 
obtain 
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The electric potential at is bV br =
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Consequently, the electric field is 
given by 

bE
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From  0rr =  up to  dabr +==  the 
electric field is approximately constant 
(See Fig. A7). Along the distance  it 
will be called . For 

d
airE dar +> , the 

electric field stops being constant. 
Thus, the intensity of the electric field 
at dabr +==  is approximately equal 
to , i.e.,0E 0EEb ≅ . Then, we can write 
that 
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whence we get 
( )310 Arb rε≅

Since the intensity of the electric field 
through the air, , is airE 0EEE bair ≅≅ , 
then, we can write that    
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Note that, rε  refers to the relative 
permittivity of the insulation layer, 
which is covering the Aluminum foil.             
          If the intensity of this field is 
greater than the dielectric strength of 
the air ( )mV /103 6×  there will occur the 
well-known  Corona effect. Here, this 
effect is necessary in order to increase 
the electric conductivity of the air at 
this region (layer with thickness d). 
Thus, we will assume 
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The electric field  will maxmin
airairair EEE ≤≤
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produce an electrons flux in a direction 
and an ions flux in an opposite 
direction. From the viewpoint of 
electric current, the ions flux can be 
considered as an “electrons” flux at the 
same direction of the real electrons 
flux. Thus, the current density through 
the air, , will be the double of the 
current density expressed by the well-
known equation of Langmuir-Child  

airj

( )341033.22
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where 1≅rε  for the air;  
is the called Child’s constant. 

61033.2 −×=α

          Thus, we have 

( )352 2

2
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A
d
Vjair α=

where , in this case, is the thickness 
of the air layer where the electric field 
is approximately constant and V is the 
voltage drop given by  

d
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By substituting (A36) into (A35), we 
get 
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According to the equation of the 
Ohm's vectorial Law: Ej σ= , we can 
write that  
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Substitution of (A37) into (A38) yields 
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          If the insulation layer has 

thickness , mm6.0=Δ 5.3≅rε  (1- 
60Hz), mmkVk /17=  (Acrylic sheet 
1.5mm thickness), and the semi-
spheres stamped on the metallic 
surface have  (See Fig.A7) 
then 

mmr 9.00 =

mmra 5.10 =Δ+= . Thus, we obtain 
from Eq. (A33) that 

kVV 7.2min
0 =

( )409max
0 AkVV =

From equation (A31), we obtain the 
following value for b : 
 

( )411068.1 3
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Since dab += we get  
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Substitution of a , ,  and A(32) into 
(A39) produces 

b

2
1

0
410117.4 VEairair
−×=σ 2

1
210375.1 −×=

 
Substitution of airσ ,  and 

into (A14) gives 
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For  and , the 
result is 
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          Note that, by increasing  the 
values of  and 

0V

airE σ  are increased. 
Thus, as show (A42), there are two 
ways for decrease the value of )m : 
increasing the value of V  or 
decreasing the value of .    

(airg

0

f



 34
mmkVmVE /10/107max

0 ==

mm6.0=Δ
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airE
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         Since  and 
 then the dielectric strength 

of the insulation must be . 
As mentioned above, the dielectric 
strength of the acrylic is .  

kV /7.16≥

mmkV17
          It is important to note that, due 
to the strong value of  (Eq. A37) 
the drift velocity  , 
( neEnejv airairaird )σ==  of the free 
charges inside the ionized air put them 
at a distance mfvtvx dd 4.02 ≅== , which is 
much greater than the distance 

. Consequently, the number 
 of free charges decreases strongly 

inside the air layer of thickness  

md 4108.1 −×=
n

d †††, 
except, obviously, in a thin layer, very 
close to the dielectric, where the 
number of free charges remains 
sufficiently increased, to maintain the 
air conductivity with mSair /1.1≅σ  (Eq. 
A39). 
          The thickness  of this thin air 
layer close to the dielectric can be 
easily evaluated starting from the 
charge distribution in the 
neighborhood of the dielectric, and of 
the repulsion forces established among 
them. The result is 

h

mEeh 9
0 104406.0 −×≅= πε . This is, 

therefore, the thickness of the Air 
Gravitational Shielding. If the area of 
this Gravitational Shielding is equal to 
the area of a format A4 sheet of paper, 
i.e.,  , we obtain 
the following value for the resistance 

 of the Gravitational Shielding: 

20582.0291.020.0 mA =×=

airR

Ω×≅= −8106AhR airair σ . Since the 
maximum electrical current through 
this air layer is , then 
the maximum power radiated from the 

kAAji 400maxmax ≅=

                                           
††† Reducing therefore the conductivity, airσ , to the 
normal value of the conductivity of atmospheric air.    

Gravitational Shielding is 
( ) kWiRP airairair 10

2maxmax ≅= . This means that 
a very strong light will be radiated 
from this type of Gravitational 
Shielding. Note that this device can 
also be used as a lamp, which will be 
much more efficient than conventional 
lamps.    
          Coating a ceiling with this 
lighting system enables the entire area 
of ceiling to produce light. This is a 
form of lighting very different from 
those usually known. 
        Note that the value , 
defines the power of the transformer 
shown in Fig.A10. Thus, the 
maximum current in the secondary is 

kWPair 10max≅

AkWkVis 9.0109max == . 
          Above the Gravitational 
Shielding, airσ  is reduced to the 
normal value of conductivity of the 
atmospheric air ( )mS /10 14−≈ . Thus, the 
power radiated from this region is 
  

( )( )
( ) ( ) WEAhd

AihdP

airair

airairair

42max

2maxmax

10−≅−=

=−=

σ

σ   

 
          Now, we will describe a method 
to coat  the Aluminum semi-spheres 
with acrylic in the necessary 
dimension ( )0ra −=Δ .  First, take an 
Aluminum plate with cmcm 1.2921 ×  
(A4 format). By means of a convenient 
process, several semi-spheres can be 
stamped on its surface. The semi-
spheres have radius , and 
are joined one to another. Next, take 
an acrylic sheet (A4 format) with 
1.5mm thickness  (See Fig.A8 (a)).  
Put a heater below the Aluminum plate 
in order to heat the Aluminum (Fig.A8 
(b)). When the Aluminum is 

mmr 9.00 =
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sufficiently heated up, the acrylic sheet 
and the Aluminum plate are pressed, 
one against the other, as shown in Fig. 
A8 (c). The two D devices shown in 
this figure are used in order to impede 
that the press compresses the acrylic 
and the aluminum to a distance shorter 
than . After some seconds, remove 
the press and the heater. The device is 
ready to be subjected to a voltage  
with frequency , as shown in Fig.A9. 
Note that, in this case, the balance is 
not necessary, because the substance 
that produces the gravitational 
shielding is an air layer with thickness 

 above the acrylic sheet. This is, 
therefore, more a type of Gravity 
Control Cell (GCC) with external 
gravitational shielding.    

ay +

0V
f

d

          It is important to note that this 
GCC can be made very thin and as 
flexible as a fabric. Thus, it can be 
used to produce anti- gravity clothes. 
These clothes can be extremely useful, 
for example, to walk on the surface of 
high gravity planets.  
          Figure A11 shows some 
geometrical forms that can be stamped 
on a metallic surface in order to 
produce a Gravitational Shielding 
effect, similar to the produced by the 
semi-spherical form.      
          An obvious evolution from the 
semi-spherical form is the semi-
cylindrical form shown in Fig. A11 
(b); Fig.A11(c) shows concentric 
metallic rings stamped on the metallic 
surface, an evolution from Fig.A11 
(b). These geometrical forms produce 
the same effect as the semi-spherical 
form, shown in Fig.A11 (a). By using 
concentric metallic rings, it is possible 
to build Gravitational Shieldings 

around bodies or spacecrafts with 
several formats (spheres, ellipsoids, 
etc); Fig. A11 (d) shows a 
Gravitational Shielding around a 
Spacecraft with ellipsoidal form.  
          The previously mentioned 
Gravitational Shielding, produced on a 
thin layer of ionized air, has a 
behavior different from the 
Gravitational Shielding produced on a 
rigid substance. When the 
gravitational masses of the air 
molecules, inside the shielding, are 
reduced to within the range 

igi mmm 159.0159.0 −<<+ , they go to 
the imaginary space-time, as 
previously shown in this article.  
However, the electric field stays at 
the real space-time. Consequently, the 
molecules return immediately to the 
real space-time in order to return soon 
after to the imaginary space-time, due 
to the action of the electric field .     

airE

airE
          In the case of the Gravitational 
Shielding produced on a solid 
substance, when the molecules of the 
substance go to the imaginary space-
time, the electric field that produces 
the effect, also goes to the imaginary 
space-time together with them, since in 
this case, the substance of the 
Gravitational Shielding is rigidly 
connected to the metal that produces 
the electric field.  (See Fig. A12 (b)). 
This is the fundamental difference 
between the non-solid and solid 
Gravitational Shieldings.     
          Now, consider a Gravitational 
Spacecraft that is able to produce an 
Air Gravitational Shielding and also a 
Solid Gravitational Shielding, as 
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igi mmm 159.0159.0 −<<+

                                          

shown in Fig. A13 (a) ‡‡‡. Assuming 
that the intensity of the electric field, 

,  necessary  to reduce the 
gravitational mass of the air molecules 
to within the range 

, is much 
smaller than the intensity of the 
electric field, , necessary  to reduce 
the gravitational mass of the solid 
substance to within the range 

,  then we 
conclude that the Gravitational 
Shielding made of ionized air goes to 
the imaginary space-time before the 
Gravitational Shielding made of solid 
substance. When this occurs the 
spacecraft does not go to the 
imaginary space-time together with the 
Gravitational Shielding of air, because 
the air molecules are not rigidly 
connected to the spacecraft. Thus, 
while the air molecules go into the 
imaginary space-time, the spacecraft 
stays in the real space-time, and 
remains subjected to the effects of the 
Gravitational Shielding around it, 
since the shielding does not stop to 
work, due to its extremely short 
permanence at the imaginary space-

airE

igi mmm 159.0159.0 −<<+

rsE

 
‡‡‡ The solid Gravitational Shielding can also be 
obtained by means of an ELF electric current through 
a metallic lamina placed between the semi-spheres 
and the Gravitational Shielding of Air (See Fig.A13 
(a)). The gravitational mass of the solid Gravitational 
Shielding will be controlled just by means of the 
intensity of the ELF electric current. Recently, it was 
discovered that Carbon nanotubes (CNTs) can be 
added to Alumina (Al2O3) to convert it into a good 
electrical conductor. It was found that the electrical 
conductivity increased up to 3375 S/m at 77°C in 
samples that were 15% nanotubes by volume [12].  It 
is known that the density of α-Alumina is 
3.98×103kg.m-3 and that it can withstand 10-20 
KV/mm. Thus, these values show that the Alumina-
CNT can be used to make a solid Gravitational 
Shielding.  
    

time. Under these circumstances, 
the gravitational mass of the 
Gravitational Shielding can be reduced 
to 0≅gm mg

kgmi 10

. For example, .  
Thus, if the inertial mass of the 
Gravitational Shielding is 

kg410−≅

≅ , 
then 4

0 10−≅i= g mmχ

25 .10 −= sma

. As we have 
seen, this means that the inertial 
effects on the spacecraft will be 
reduced by . Then, in spite of the 
effective acceleration of the spacecraft 
be, for example, , the effects 
on the crew of the spacecraft will be 
equivalent to an acceleration of only 

410−≅χ

 1

0

.10 −≈==′ smaa
m
m

a
i

g χ  

This is the magnitude of the 
acceleration upon the passengers in a 
contemporary commercial jet.    
          Then, it is noticed that 
Gravitational Spacecrafts can be 
subjected to enormous accelerations 
(or decelerations) without imposing 
any harmful impacts whatsoever on 
the spacecrafts or its crew. 
          Now, imagine that the intensity 
of the electric field that produces the 
Gravitational Shielding around the 
spacecraft is increased up to reaching 
the value  that reduces the 
gravitational mass of the solid 
Gravitational Shielding  to within the 
range 

rsE

igi mmm 159.0159.0 −<<+ . Under 
these circumstances, the solid 
Gravitational Shielding goes to the 
imaginary space-time and, since it is 
rigidly connected to the spacecraft, 
also the spacecraft goes to the 
imaginary space-time together with the 
Gravitational Shielding.  Thus, the 
spacecraft can travel within the 
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)

imaginary space-time and make use of 
the Gravitational Shielding around it.  
          As we have already seen, the 
maximum velocity of propagation of 
the interactions in the imaginary 
space-time is infinite (in the real 
space-time this limit is equal to the 
light velocity ). This means that there 
are no limits for the velocity of the 
spacecraft in the imaginary space-
time. Thus, the acceleration of the  
spacecraft can reach, for example,  

, which leads the spacecraft 
to attain  velocities (about 
1 million times the speed of light) after 
one day of trip. With this velocity, 
after 1 month of trip the spacecraft 
would have traveled about . In 
order to have idea of this distance, it is 
enough to remind that the diameter of 
our Universe (visible Universe) is of 
the order of .  

c

29 .10 −= sma
114 .10 −≈ smV

m2110

m2610
          Due to the extremely low 
density of the imaginary bodies, the 
collision between them cannot have 
the same consequences of the collision 
between the real bodies.  
          Thus, for a Gravitational 
Spacecraft in imaginary state, the 
problem of the collision in high-speed 
doesn't exist. Consequently, the 
Gravitational Spacecraft can transit 
freely in the imaginary Universe and, 
in this way, reach easily any point of 
our real Universe once they can make 
the transition back to our Universe by 
only increasing the gravitational mass 
of the Gravitational Shielding of the 
spacecraft in such way that it leaves 
the range of  to .   iM1590.+ iM1590.−

          The return trip would be done in 
similar way. That is to say, the 
spacecraft would transit in the 
imaginary Universe back to the 

departure place where would 
reappear in our Universe. Thus, trips 
through our Universe that would delay 
millions of years, at speeds close to the 
speed of light, could be done in just a 
few months in the imaginary Universe. 
          In order to produce the 
acceleration of  upon the 
spacecraft we propose a Gravitational 
Thruster with 10 GCCs (10 
Gravitational Shieldings) of the type 
with several semi-spheres stamped on 
the metallic surface, as previously 
shown, or with the semi-cylindrical 
form shown in Figs. A11 (b) and (c). 
The 10 GCCs are filled with air at 1 
atm and 300K. If the insulation layer is 
made with Mica 

29 .10 −≈ sma

( 4.5≅rε  and has 
thickness , and the semi-
spheres stamped on the metallic 
surface have  (See Fig.A7) 
then 

mm1.0=Δ

mmr 4.00 =

mmra 5.00 =Δ+= . Thus, we get 
mrb r
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Then, from Eq. A42 we obtain 
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For  andkVVV 6.15max
00 == Hzf 12.0= , the 

result is 
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Since 0

max
0

max
0 rVE = is now given by 

mmkVmmkVE /3.179.06.15max
0 ==  and  

then the dielectric strength of the 
insulation must be . As 

mm1.0=Δ

mmkV /173≥
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shown in the table below§§§, 0.1mm - 
thickness of Mica can withstand 17.6 
kV (that is greater than ), in 
such way that the dielectric strength is 
176 kV/mm.  

kVV 6.15max
0 =

          The Gravitational Thrusters are 
positioned at the spacecraft, as shown 
in Fig. A13 (b).  Then, when the 
spacecraft is in the intergalactic space, 
the gravity acceleration upon the  
gravitational  mass  of the bottom 
of the thruster (See Fig.A13 (c)), is 
given by [

gtm

2]  

( ) ( ) μχχ ˆ
2

1010

r
M

Gga g
airMair −≅≅

rr

)

                                          

where  is the gravitational mass in 
front of the spacecraft.  

gM

          For simplicity, let us consider 
just the effect of a hypothetical volume 

 of intergalactic 
matter in front of the spacecraft 

. The average density of 
matter in the intergalactic medium 
(IGM) is )

3733 10101010 mV =××=

( mr 30≅

326 .10 −−≈ mkgigρ
****. Thus, 

for  we get  4106.1 ×−≅airχ
 

§§§ The dielectric strength of some dielectrics can have 
different values in lower thicknesses. This is, for 
example, the case of the Mica.   
Dielectric   Thickness (mm)   Dielectric Strength (kV/mm)  
Mica                 0.01 mm                   200 
Mica                 0.1 mm                     176 
Mica                 1 mm                          61 
  
**** Some theories put the average density of the 
Universe as the equivalent of one hydrogen atom per 
cubic meter [13,14]. The density of the universe, 
however, is clearly not uniform. Surrounding and 
stretching between galaxies, there is rarefied plasma 
[15] that is thought to possess a cosmic filamentary 
structure [16] and that is slightly denser than the 
average density in the universe. This material is called 
the intergalactic medium (IGM) and is mostly ionized 
hydrogen; i.e. a plasma consisting of equal numbers of 
electrons and protons. The IGM is thought to exist at a 
density of 10 to 100 times the average density of the 
Universe (10 to 100 hydrogen atoms per cubic meter, 
i.e., ).  326 .10 −−≈ mkg
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In spite of this gigantic acceleration, 
the inertial effects for the crew of the 
spacecraft can be strongly reduced if, 
for example, the gravitational mass of 
the Gravitational Shielding is reduced 
down to   and its inertial 
mass is 

kgmg
610−≅

kgmi 1000 ≅ . Then, we get 
8

0 10−≅= ig mmχ . Therefore, the 
inertial effects on the spacecraft will 
be reduced by , and 
consequently, the inertial effects on 
the crew of the spacecraft would be 
equivalent to an acceleration a of only   

810−≅χ
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Note that the Gravitational Thrusters 
in the spacecraft must have a very 
small diameter (of the order of 
millimeters) since, obviously, the hole 
through the Gravitational Shielding 
cannot be large. Thus, these thrusters 
are in fact, Micro-Gravitational 
Thrusters.  As shown in Fig. A13 (b), 
it is possible to place several micro-
gravitational thrusters in the 
spacecraft. This gives to the 
Gravitational Spacecraft, several 
degrees of freedom and  shows the 
enormous superiority of this spacecraft 
in relation to the contemporaries 
spacecrafts.   
          The density of matter in the 
intergalactic medium (IGM) is about 
10 -26 kg.m-3 , which is very less than 
the density of matter in the interstellar 
medium (~10-21 kg.m-3) that is less than 
the density of matter in the 
interplanetary medium (~10-20 kg.m-3). 
The density of matter is enormously 
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increased inside the Earth’s 
atmosphere (1.2kg.m-3 near to Earth’s 
surface). Figure A14 shows the 
gravitational acceleration acquired by 
a Gravitational Spacecraft,  in these 
media, using Micro-Gravitational 
thrusters.   
       In relation to the Interstellar and 
Interplanetary medium, the 
Intergalactic medium requires the 
greatest value of airχ  ( χ  inside the 
Micro-Gravitational Thrusters), i.e., 

. This value strongly 
decreases when the spacecraft is 
within the Earth’s atmosphere.  In this 
case, it is sufficient only

4106.1 ×−≅airχ

†††† 10−≅airχ  in 
order to obtain: 
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With this acceleration the 
Gravitational Spacecraft can reach 
about 50000 km/h in a few seconds. 
Obviously, the Gravitational Shielding 
of the spacecraft will reduce strongly 
the inertial effects upon the crew of the 
spacecraft, in such way that the inertial 
effects of this strong acceleration will 
not be felt. In addition, the artificial 
atmosphere, which is possible to build 
around the spacecraft, by means of 
gravity control technologies shown in 
this article (See Fig.6) and [2], will 
protect it from the heating produced 
by the friction with the Earth’s 
                                           
†††† This value is within the range of values of χ  
( )15..10 3 AEqSee−<χ , which can be produced by 
means of ELF electric currents through metals as 
Aluminum, etc. This means that, in this case, if 
convenient, we can replace air inside the GCCs of the 
Gravitational Micro-thrusters by metal laminas with 
ELF electric currents through them.  

atmosphere. Also, the gravity can be 
controlled inside of the Gravitational 
Spacecraft in order to maintain a value 
close to the Earth’s gravity as shown 
in Fig.3.  
          Finally, it is important to note 
that a Micro-Gravitational Thruster 
does not work outside a Gravitational 
Shielding, because, in this case, the 
resultant upon the thruster is null due 
to the symmetry (See Fig. A15 (a)). 
Figure A15 (b) shows a micro-
gravitational thruster inside a 
Gravitational Shielding. This thruster 
has 10 Gravitational Shieldings, in 
such way that the gravitational 
acceleration upon the bottom of the 
thruster, due to a gravitational mass 

 in front of the thruster, is 
 where 

gM

0
10

10 aa airχ= 2
0 rMGa g−=  is the 

gravitational  acceleration acting on 
the front of the micro-gravitational 
thruster. In the opposite direction, the 
gravitational acceleration upon the 
bottom of the thruster, produced by a 
gravitational mass , is gM

( ) 02
0 ≅′−=′ rGMa gsχ  

since 0≅sχ  due to the Gravitational 
Shielding around the micro-thruster 
(See  Fig. A15 (b)). Similarly, the 
acceleration in front of the thruster is 

( )[ ] sgairair rGMaa χχχ 210
0

10
10 ′−=′=′

where ( )[ ] 10
210 arGM gair <′−χ , since rr >′ . 

Thus, for and  we 
conclude that . This means 
that . Therefore, we can write 
that the resultant on the micro-thruster 
can be expressed by means of the 
following relation 

29
10 .10 −≅ sma 810−≈sχ

2
10 .10 −<′ sma

1010 aa <<′

  
0

10
10 FFR airχ=≅
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          Figure A15 (c) shows  a Micro-
Gravitational Thruster with 10 Air 
Gravitational Shieldings (10 GCCs). 
Thin Metallic laminas are placed after 
each Air Gravitational Shielding in 
order to retain the electric 
field xVEb 0= , produced by metallic 
surface behind the semi-spheres. The 
laminas with semi-spheres stamped on 
its surfaces are connected to the ELF 
voltage source  and the thin laminas 
in front of the Air Gravitational 
Shieldings are grounded. The air 
inside this Micro-Gravitational 
Thruster is at 300K, 1atm.   

0V

          We have seen that the insulation 
layer of a GCC can be made up of 
Acrylic, Mica, etc. Now, we will 
design a GCC using Water (distilled 
water, ( ) 80

2
=OHrε ) and Aluminum semi-

cylinders with radius . Thus, 
for , the new value of  
is . Then, we get  
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rV
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00=

Therefore,  and  are much 
smaller than . Note that for 

the intensities of and 

are not sufficient to produce 
the ionization effect, which increases 
the electrical conductivity. 
Consequently, the conductivities of the 
water and the acrylic remain . 
In this way, with  and  
much smaller than , and 

( OHE
2 ) )

)

)

)

(acrylicE

airE

kVV 90 ≤ ( OHE
2

(acrylicE

1.1 −<< mS

( OHE
2 ( )acrylicE

airE ( ) 12 <<OHσ , 
( ) 1<<acrylicσ , the decrease in both the 

gravitational mass of the acrylic and 
the gravitational mass of water, 
according to Eq.A14, is negligible. 
This means that only in the air layer 
the decrease in the gravitational mass 
will be relevant.   
         Equation A39 gives the electrical 
conductivity of the air layer, i.e.,  
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Note that ( )OHrrb
20 ε= . Therefore, here 

the value of b  is larger than in the case 
of the acrylic. Consequently, the 
electrical conductivity of the air layer 
will be larger here than in the case of 
acrylic.   
          Substitution of ( )airσ ,  (rms) 
and  into Eq. A14, gives 
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This shows that, by using water 
instead of acrylic, the result is much 
better.         
          In order to build the GCC based 
on the calculations above (See Fig. 
A16), take an Acrylic plate with 
885mm X 885m and 2mm thickness, 
then paste on it an Aluminum sheet 
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with 895.2mm X 885mm and 0.5mm 
thickness(note that two edges of the 
Aluminum sheet are bent as shown in 
Figure A16 (b)). Next, take 342 
Aluminum yarns with 884mm length 
and 2.588mm diameter (wire # 10 
AWG) and insert them side by side on 
the Aluminum sheet. See in Fig. A16 
(b) the detail of fixing of the yarns on 
the Aluminum sheet. Now, paste 
acrylic strips (with 13.43mm height 
and 2mm thickness) around the 
Aluminum/Acrylic, making a box. Put 
distilled water (approximately 1 litter) 
inside this box, up to a height of 
exactly 3.7mm from the edge of the 
acrylic base. Afterwards, paste an 
Acrylic lid (889mm X 889mm and 2mm 
thickness) on the box. Note that above 
the water there is an air layer with 
885mm X 885mm and 7.73mm 
thickness (See Fig. A16). This 
thickness plus the acrylic lid thickness 
(2mm) is equal to  
where 

mmabd 73.9=−=

( ) mmrb OHr 63.11
20 == ε  and 

, since , mmra 99.10 =Δ+= mmr 3.10 =

( ) 80
2

=OHrε and .   mm6.0=Δ

          Note that the gravitational action 
of the electric field , extends itself 
only up to the distance , which, in 
this GCC, is given by the sum of the 
Air layer thickness (7.73mm) plus the 
thickness of the Acrylic lid (2mm). 

airE

d

         Thus, it is ensured the 
gravitational effect on the air layer 
while it is practically nullified in the 
acrylic sheet above the air layer, since 

and ( ) airacrylic EE << ( ) 1<<acrylicσ . 
          With this GCC, we can carry out 
an experiment where the gravitational 
mass of the air layer is progressively 
reduced when the voltage applied to 
the GCC is increased (or when the 

frequency is decreased). A precision 
balance is placed below the GCC in 
order to measure the mentioned mass 
decrease for comparison with the 
values predicted by Eq. A(47). In total, 
this GCC weighs about 6kg; the air 
layer 7.3grams. The balance has the 
following characteristics: range 0-6kg; 
readability 0.1g. Also, in order to 
prove the Gravitational Shielding 
Effect, we can put a sample (connected 
to a dynamometer) above the GCC in 
order to check the gravity acceleration 
in this region.  
          In order to prove the exponential 
effect produced by the superposition of 
the Gravitational Shieldings, we can 
take three similar GCCs and put them 
one above the other,  in such way that 
above the GCC 1 the gravity 
acceleration will be ; above the 
GCC2 , and above the GCC3 

. Where

gg χ=′

gg 2χ=′′

gg 3χ=′′′ χ  is given by Eq. 
(A47).  
          It is important to note that the 
intensity of the electric field through 
the air below the GCC is much smaller 
than the intensity of the electric field 
through the air layer inside the GCC. 
In addition, the electrical conductivity 
of the air below the GCC is much 
smaller than the conductivity of the air 
layer inside the GCC. Consequently, 
the decrease of the gravitational mass 
of the air below the GCC, according to 
Eq.A14, is negligible.  This means that 
the GCC1, GCC2 and GCC3 can be 
simply overlaid, on the experiment 
proposed above. However, since it is 
necessary to put samples among them 
in order to measure the gravity above 
each GCC, we suggest a spacing of 
30cm or more among them. 
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Fig. A2 – Experimental Set-up 1. 
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Fig. A3 – The Simplest Gravity Control Cell (GCC). 
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Fig. A4 – Equivalent Electric Circuits  

 

                                                                                     
                                

                                                                                         GC
    

          

                
                                

                                                                    GC

    

P

 +   − 

  r  

  r  

1i

2i

  pR

  1R  
  2R  

  R  

   1  

   2ε   1I  

2I

213 III

ε

+=

   

( )

( ) ( )

mmlN
Generator FunctionrTransforme Coupling

rmsAIAIrmsmAI

WRReostatRWR

BatteryrDCVWRr

Option

p

ii

42;20N  AWG; 12 #  wirediameter; mm-10  coreAir 
Battery  thefrom   theisolate   to

3;3;56

90100;105.2;404

;1.0;12;2500;2

Output) VoltageHigh 002 HP3325A(Generator Function 

21

max
3

max
2

max
1

3
2

2211

1

===•

≅==

−Ω≤≤=Ω×=−Ω=

Ω<=−Ω=Ω<

=

−

ε

ε

 

Hzf μ2=  
~ 

Wire # 12 AWG

 

Gravitational 
Shielding 

 +   − 

  1ir  

2i

 Ω×= −51023.5φR

  1R  

  
  r  

R  

1   ε  

   2ε   1I  

2I

213 III +=

Hzf μ2=  
~ 

Wire # 12 AWG

VVR

VVR

p

p

5min

4max

100.410

101.10
−

−

×=⇒=

×=⇒=
 

2R

 cml 1= → 

 0.5 2     h =3mm

200 mm

Gravitational 
Shielding 

Al 

 

# 12 AWG 

T 

  l  

d 
i 
e 
l 
e 
c 
t 
r 
i 
c 

 



 45
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 

032

4
27 110758.1121 i

r
g m

f
jm

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−×+−= −

σρ
μ

 

Fig. A5 – An ELF electric current through a wire, that makes a spherical form as shown above,
reduces the gravitational mass of the wire and the gravity inside sphere at the same proportio

 
 

n
0ig mm=χ (Gravitational Shielding Effect).  Note that this spherical form can be transformed into

n ellipsoidal form or a disc in order to coat, for example,  a Gravitational Spacecraft. It is also
ossible to coat with a wire several forms, such as cylinders, cones, cubes, etc. The characteristics

of the wire are expressed by: rμ ,

a
p

σ , ρ ; j  is the electric current density and f  is the frequency.   
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Fig. A6 – Experimental set-up 2. 
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i

 

                                                                                                       

Fig A7 – Gravitational shielding produced by semi-spheres stamped on the Aluminum foil
- By simply changing the geometry of the surface of the Aluminum foil it is possible to 
ncrease the working frequency f  up to more than 1Hz.   
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(a) 

                                                                         

(b) 

                                                                         

(c)  

                                                                         

(d)  
Fig A8 – Method to coat the Aluminum semi-spheres with acrylic ( )mmra 6.00 =−=Δ . 
(a)Acrylic sheet (A4 format) with 1.5mm thickness and an Aluminum plate (A4) with several 
semi-spheres (radius mmr 9.00 = ) stamped on its surface. (b)A heater is placed below the 
Aluminum plate in order to heat the Aluminum. (c)When the Aluminum is sufficiently heated 
up, the acrylic sheet and the Aluminum plate are pressed, one against the other (The two D 
devices shown in this figure are used in order to impede that the press compresses the acrylic 
and the aluminum besides distance ay + ). (d)After some seconds, the press and the heater are 
removed, and the device is ready to be used. 
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Fig. A9 – Experimental Set-up using a GCC subjected to high-voltage 0V  with frequency Hzf 1> . 

                              

                                  

Note that in this case, the pan balance is not necessary because the substance of the Gravitational 
Shielding is an air layer with thickness d  above the acrylic sheet. This is therefore, more a type of 
Gravity Control Cell (GCC) with external gravitational shielding.     
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(b) 
 
 
 

Fig. A10 – (a) Equivalent Electric Circuit. (b) Details of the electrical connection with the 
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Fig. A11 – Geometrical forms with similar effects as those produced by the semi-spherical form – (a) 
shows the semi-spherical form stamped on the metallic surface; (b) shows the semi-cylindrical form (an 
obvious evolution from the semi-spherical form); (c) shows concentric metallic rings stamped on 
the metallic surface, an evolution from semi-cylindrical form. These geometrical forms produce 
the same effect as that of the semi-spherical form, shown in Fig.A11 (a). By using concentric 
metallic rings, it is possible to build Gravitational Shieldings around bodies or spacecrafts with 
several formats (spheres, ellipsoids, etc); (d) shows a Gravitational Shielding around a Spacecraft 
with ellipsoidal form.  
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F

 
 

           

                                                     (a)                                                       (b) 

ig. A12 – Non-solid and Solid Gravitational Shieldings - In the case of the Gravitational 
Shielding produced on a solid substance (b), when its molecules go to the imaginary space-time, 
the electric field that produces the effect also goes to the imaginary space-time together with 
them, because in this case, the substance of the Gravitational Shielding is rigidly connected (by 
means of the dielectric) to the metal that produces the electric field. This does not occur in the 
case of Air Gravitational Shielding.  
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 (c) 

Fig. A13 – Double Gravitational Shielding and Micro-thrusters – (a) Shows a double
gravitational shielding that makes possible to decrease the inertial effects upon the spacecraf

 

 

t
when it is traveling both in the imaginary space-time and in the real space-time. The solid
Gravitational Shielding also can be obtained by means of an ELF electric current through a metallic
lamina placed between the semi-spheres and the Gravitational Shielding of Air as shown above. (b)
Shows 6 micro-thrusters placed inside a Gravitational Spacecraft, in order to propel the
spacecraft in the directions x, y and z. Note that the Gravitational Thrusters in the spacecraft
must have a very small diameter (of the order of millimeters) because the hole through the
Gravitational Shielding of the spacecraft cannot be large. Thus, these thrusters are in fact Micro-
thrusters. (c) Shows a micro-thruster inside a spacecraft, and in front of a volume V of the
intergalactic medium (IGM). Under these conditions, the spacecraft acquires an acceleration a in
the direction of the volume V.  
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(c) 

Fig. A14 – Gravitational Propulsion using Micro-Gravitational Thruster – (a) Gravitational 
acceleration produced by a gravitational mass Mg of the Interstellar Medium. The density of the 
nterstellar Medium is about 105 times greater than the density of the Intergalactic Medium (b) 

Gravitational acceleration produced in the Interplanetary Medium. (c) Gravitational acceleration 
I

produced in the Earth’s atmosphere. Note that, in this case, ρatm (near to the Earth’s surface)is about
1026 times greater than the density of the Intergalactic Medium.  
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(a) 

 

(b) 

 
 

 (c) 
Fig. A15 – Dynamics and Structure of the Micro-Gravitational Thrusters - (a) The Micro-
Gravitational Thrusters do not work outside the Gravitational Shielding, because, in this case, the resultant 
upon the thruster is null due to the symmetry. (b) The Gravitational Shielding ( )810−≅sχ  reduces strongly 
the intensities of the gravitational forces acting on the micro-gravitational thruster, except obviously, through 
the hole in the gravitational shielding. (c) Micro-Gravitational Thruster with 10 Air Gravitational Shieldings 
(10GCCs). The grounded metallic laminas are placed so as to retain the electric field produced by metallic 
surface behind the semi-spheres.  
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GCC Cross-section Front view  

(a) 

 
 

GCC Cross-section Side View 
(b) 

Fig. A16 – A GCC using distilled Water.  
                  In total this GCC weighs about 6kg; the air layer 7.3 grams. The balance has the    
                  following characteristics: Range 0 – 6kg; readability 0.1g. The yarns  are inserted  
                  side by side on the Aluminum sheet. Note the detail of fixing of the yarns on the  
                  Aluminum sheet.    
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Fig. A17 – Experimental set-up.  In order to prove the exponential effect produced by the 
superposition of the Gravitational Shieldings, we can take three similar GCCs and put them one above 
the other,  in such way that above the GCC 1 the gravity acceleration will be gg χ=′ ; above the 
GCC2 gg 2χ=′′ , and above the GCC3 gg 3χ=′′′ . Where χ  is given by Eq. (A47). The arrangement 
above has been designed for values of gmg 13<  and χ  up to -9 or kgmg 1<  and χ  up to -2  .  
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APPENDIX B:   Gravity Control Cells (GCCs) made from  
                              Semiconductor Compounds. 
 
          There are some semiconductors 
compounds with electrical conductivity 
between 104S/m to 1 S/m, which can 
have their gravitational mass strongly 
decreased when subjected to ELF 
electromagnetic fields.   
          For instance, the polyvinyl 
chloride (PVC) compound, called 
DuracapTM 86103. 
         It has the following characteristics: 
 
                    1=rμ ; 3=rε  
                 mS /3.3333=σ          
                   31400 −= m.kgρ
       mmKVstrengthdieletric /98=

 
Then, according to the following 
equation below (derived from Eq.A14)  
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the gravitational mass, , of the 
Duracap
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TM 86103, when subjected to an 

electromagnetic field of frequency , is 
given by  
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Note that, if the electromagnetic field 
through the Duracap has extremely-low 
frequency, for example, if , and  Hzf 2=

 
( )mmkVmVErms /94.0/104.9 5×=

 
Then, its gravitational mass will be 
reduced down to , reducing 
in this way, the initial weight 

01.1 ig mm −≅

( )gmgmP ig 00 ==  of the Duracap down to 
. 01.1 P−

BACKGROUND FOR EXPERIMENTAL  
 
          The DuracapTM 86103 is sold 
under the form of small cubes. Its 
melting temperature varies from 177ºC 
to 188ºC. Thus, a 15cm square Duracap 
plate with 1 mm thickness can be shaped 
by using a suitable mold, as the shown 
in Fig.B1.  
          Figure B2(a) shows the Duracap 
plate between the Aluminum plates of a 
parallel plate capacitor. The plates have 
the following dimensions: 19cm X 15cm 
X 1mm. They are painted with an 
insulating varnish spray of high 
dielectric strength (ISOFILM). They are 
connected to the secondary of a 
transformer, which is connected to a 
Function Generator. The distance 
between the Aluminum plates is mmd 1= . 
Thus, the electric field through the 
Duracap is given by 

( )3
22

0 B
d
VE

E
r

m
rms

ε
==

where rε  is the relative permittivity of 
the dielectric (Duracap), and  is the 
amplitude of the wave voltage applied 
on the capacitor.    

0V

          In order to generate ELF wave 
voltage of Hzf 2= , we can use the 
widely-known Function Generator 
HP3325A (Op.002 High Voltage 
Output) that can generate sinusoidal 
voltages with extremely-low frequencies 
and amplitude up to 20V (40Vpp into 

Ω500  load). The maximum output 
current is ; output impedance  
<2Ω at ELF. 

ppA.080

         The turns ratio of the transformer 
(Bosch red coil) is . Thus, since the 1:200
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maximum value of the amplitude of the 
voltage produced by the Function 
Generator is , then  the 
maximum secondary voltage will 
be .Consequently, Eq. 
(B3) gives  

VV p 20max =

kVVVs 4max
0

max ==

mVErms /108.2 6max ×=

Thus, for , Eq. (B2) gives  Hzf 2=

05.29 ig mm −=  
          The variations on the 
gravitational mass of the Duracap plate 
can be measured by a pan balance with 
the following characteristics: range 0 − 
1.5kg ; readability 0.01g, using the set-
up shown in Fig. B2(a).    
          Figure B2(b) shows the set-up to 
measure the gravity acceleration 
variations above the Duracap plate 
(Gravitational Shielding effect).  The 
samples used in this case, can be of 
several types of material. 
          Since voltage waves with 
frequencies very below 1Hz have a very 
long period, we cannot consider, in 
practice, their rms values.  However, we 
can add a sinusoidal voltage 

tVVosc ωsin0=  with a DC voltage , by 
means of the circuit shown in Fig.B3. 
Thus, we obtain 

DCV

tVVV DC ωsin0+=  ; fπω 2= . 
If  then . Thus, the 
voltage  varies with the frequency , 
but its intensity is approximately equal 
to , i.e., V  will be practically 
constant. This is of fundamental 
importance for maintaining the value of 
the gravitational mass of the body, , 
sufficiently stable during all the time, in 
the case of .   

DCVV <<0 DCVV ≅

V f

DCV

gm

Hzf <<
          We have shown in this paper that 
it is possible to control the gravitational 
mass of a spacecraft, simply by 
controlling the gravitational mass of a 

body inside the spacecraft (Eq.(10)). 
This body can be, for example, the 
dielectric between the plates of a 
capacitor, whose gravitational mass can 
be easily controlled by means of an ELF 
electromagnetic field produced between 
the plates of the capacitor. We will call 
this type of capacitor of Capacitor of 
Gravitational Mass Control (CGMC).      
          Figure B 4(a) shows a CGMC 
placed in the center of the spacecraft. 
Thus, the gravitational mass of the 
spacecraft can be controlled simply by 
varying the gravitational mass of the 
dielectric of the capacitor by means of 
an ELF electromagnetic field produced 
between the plates of the capacitor. Note 
that the Capacitor of Gravitational Mass 
Control can have the spacecraft's own 
form as shown in Fig. B 4(b). The 
dielectric can be, for example, a 
Duracap plate, as shown in this 
appendix. In this case, the gravitational 
mass of the dielectric is expressed by 
Eq. (B2). Under these circumstances, 
the total gravitational mass of the 
spacecraft will be given by Eq.(10): 
 

( ) 00 idielectricispacecrafg mMM χ+=

 
where   is the rest inertial mass of 
the spacecraft(without the dielectric) and 

 is the rest inertial mass of the 
dielectric; 

0iM

0im

0igdielectric mm=χ , where   is 
the gravitational mass of the dielectric. 
By decreasing the value of 

gm

dielectricχ , the 
gravitational mass of the spacecraft 
decreases. It was shown, that the value 
of χ can be negative. Thus, for example, 
when 00 iidielectric mM−≅χ , the gravitational 
mass of the spacecraft gets very close to 
zero. When 00 iidielectric mM−<χ , the 
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gravitational mass of the spacecraft 
becomes negative.  
          Therefore, for an observer out of 
the spacecraft the gravitational mass of 
the spacecraft is ( ) 00 idielectricispacecrafg mMM χ+= , 
and not . 00 ii mM +

          Since the dielectric strength of the 
Duracap is , a Duracap plate 
with 1mm thickness can withstand up to 

. In this case, the value of 

mmkV /98

kV98 dielectricχ  
for , according to Eq. (B2), is Hzf 2=

4
0 10−≅= igdielectric mmχ

Thus, for example, if the inertial mass of 
the spacecraft is  and, 
the inertial mass of the dielectric of the 
Capacitor of Gravitational Mass Control is 

, then the gravitational 
mass of the spacecraft becomes   

kgM i 0014.100210 ≅

kgmi 0021.10 ≅

( ) kgmMM idielectricispacecrafg
3

00 10−≅+= χ

This value is much smaller than 
. 0159.0 iM+

          It was shown [1] that, when the 
gravitational mass of a particle is 
reduced to values between  
and , it becomes imaginary, i.e., 
the gravitational and the inertial masses 
of the particle become imaginary. 
Consequently, the particle disappears 
from our ordinary space-time.  

iM1590.+

iM1590.−

          This means that we cannot reduce 
the gravitational mass of the spacecraft 
below , unless we want to 
make it imaginary.            

iM1590.+

          Obviously this limits the 
minimum value of dielectricχ , i.e. 

. Consequently, if the 
gravity acceleration out of the spacecraft 
(in a given direction) is

159.0min =dielctricχ

g , then, 
according to the Gravitational Shielding 
Principle, the corresponding gravity 
acceleration upon the crew of the 

spacecraft can be reduced just down 
to . In addition, since the Mach’s 
principle says that the local inertial 
forces are produced by the gravitational 
interaction of the local system with the 
distribution of cosmic masses then the 
inertial effects upon the crew would be 
reduced just by

g159.0

159.0=dielectricχ .   
          However, there is a way to 
strongly reduce the inertial effects upon 
the crew of the spacecraft without 
making it imaginary. As shown in Fig. 
B4 (c), we can build an inertial 
shielding, with  superimposed 
CGMCs. In this case, according to the 
Gravitational Shielding Principle, the 
gravity upon the crew will be given by 

, where 

n

gg n
dielectricn χ= g  is the gravity 

acceleration out of the spacecraft (in a 
given direction) and 0igdielectric mm=χ  ;  
and  are, respectively,  the 
gravitational mass and the inertial mass 
of the dielectric. Under these conditions 
the inertial effects upon the crew will be 
reduced by .  

gm

0im

n
dielectricχ

          Thus, for (ten superimposed 
CGMCs), and 

10=n
2.0≅dielectricχ , the inertial 

effects upon the crew will be reduced 
by . Therefore, if the 
maximum thrust produced by the 
thrusters of the spacecraft is , 
then the intensities of the inertial forces 
upon the crew  will not exceed , 
i.e. they will be practically negligible.  

710 101 −×≅dielectricχ

NF 510=

N01.0

          Under these circumstances, the 
gravitational mass of the spacecraft, for 
an observer out of the spacecraft, will be 
just approximately equal to the 
gravitational mass of the inertial 
shielding, i.e. .  ( ) ( shieldinertialgspacecraftg MM .≅ )

          If , and the 
thrusters of the spacecraft are able to 

( ) kgM shieldinertialg
3

. 10≅
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produces up to , the 
spacecraft will acquires an acceleration 
given by 

NF 5103×=

( )

22 .103 −×≅= sm
M

Fa
spacecraftg

spacecraft

With this acceleration it can reach 
velocities close to Mach 10 in some 
seconds.   
            The velocity that the spacecraft 
can reach in the imaginary spacetime is 
much greater than this value, since 

, as we have seen, can be 
reduced down to or less. 

(spacecraftgM )

kg310−≅

          Thus, if the thrusters of the 
spacecraft are able to produces up 
to , and , 
the spacecraft will acquires an 
acceleration given by 

NF 5103×= ( ) kgM spacecraftg
310−≅

( )

28 .103 −×≅= sm
M

Fa
spacecraftg

spacecraft

With this acceleration it can reach 
velocities close to the light speed in less 
than 1 second. After 1 month, the 
velocity of the spacecraft would be 
about  (remember that in the 
imaginary spacetime the maximum 
velocity of propagation of the 
interactions is infinity [

sm /1015

1]).  
 
OTHER SEMICONDUCTOR COMPOUNDS 
 
         A semiconductor compound, 
which can have its gravitational mass 
strongly decreased when subjected to 
ELF electromagnetic fields is the 
CoorsTek Pure SiCTM LR CVD Silicon 
Carbide, 99.9995% ‡‡‡‡. This Low-
resistivity (LR) pure Silicon Carbide has 
electrical conductivity of 5000S/m at 
room temperature; 8.10=rε  ; 

; dielectric strength >10 3.3210 −= mkgρ

                                           
‡‡‡‡ www.coorstek.com   

KV/mm; maximum working 
temperature of 1600°C. 
          Another material is the Alumina-
CNT, recently discovered §§§§. It has 
electrical conductivity of 3375 S/m at 
77°C in samples that were 15% 
nanotubes by volume [17]; 8.9=rε ; 

 ; dielectric strength 10-
20KV/mm; maximum working 
temperature of 1750°C.  

3.3980 −= mkgρ

 
The novel Carbon Nanotubes 
Aerogels*****, called CNT Aerogels are 
also suitable to produce Gravitational 
Shieldings, mainly due to their very 
small densities. The electrical 
conductivity of the CNT Aerogels is 
70.4S/m for a density of  [3.5.7 −= mkgρ 18]; 

10≈rε . Recently (2010), it was announced 
the discovered of Graphene Aerogel 
with  and  [mS /101~ 2×=σ 3.10 −= mkgρ 19] 
(Aerogels exhibit higher dielectric 
strength than expected for porous 
materials).   
                                           
§§§§ Recently, it was discovered that Carbon nanotubes 
(CNTs) can be added to Alumina (Al2O3) to convert it 
into a good electrical conductor.  
***** In 2007, Mateusz Brying et al. working with Prof. 
Arjun Yodh at the University of Pennsylvania produced 
the first aerogels made entirely of carbon nanotubes 
(CNT Aerogels) [20] that, depending on the processing 
conditions, can have their electrical conductivity ranging 
as high as 100 S/m.  
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Fig.B1 – Mold design  
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(a) 

(b) 

Fig.B2 – Schematic diagram of the experimental set-up 
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Fig. B3 – Equivalent Electric Circuit  
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     (a) 

        (b) 

 
 
 
 
 
 
 
 
 

        (c) 
Fig.B4 – Gravitational Propulsion System and Inertial Shielding of the Gravitational Spacecraft
– (a) eight gravitational thrusters are placed inside a Gravitational Spacecraft, in order to propel the
spacecraft along the directions x, y and z. Two gravitational thrusters are inside the columns 1 and 2, in
order to rotate the spacecraft around the y-axis. The functioning of the Gravitational Thrusters is shown
in Fig.A14.  The gravitational mass of the spacecraft is controlled by the Capacitor of Gravitational
Mass Control (CGMC). Note that the CGMC can have the spacecraft's own form, as shown in (b). In
order to strongly reduce the inertial effects upon the crew of the spacecraft, we can build an inertial
shielding, with several CGMCs, as shown above (c). In this case, the gravity upon the crew will be
given by gg n

dielectricn χ= , where g is the gravity acceleration out of the spacecraft (in a given direction)
and 0igdielectric mm=χ ; gm and 0im are, respectively,  the gravitational mass and the inertial mass of

the dielectric. Under these conditions the inertial effects upon the crew will be reduced by n
dielectricχ .

Thus, for example, if 10=n  and 2.0≅dielectricχ , the inertial effects will be reduced

by 710 101 −×≅dielectricχ . If the maximum thrust produced by the thrusters is NF 510= , then the intensities
of the inertial forces upon the crew  will not exceed N01.0 .   

 Gravitational Thrusters

Capacitor of Gravitational Mass Control 

 col 1                           col 2

 x y
 z

 n     3 2 1 
n dielectrics 
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APPENDIX C: Longer-Duration Microgravity Environment
                           Produced by Gravity Control Cells (GCCs). 
 
          The acceleration experienced by 
an object in a microgravity 
environment, by definition, is one-
millionth (10-6) of that experienced at 
Earth’s surface (1g). Consequently, a 
microgravity environment is one 
where the acceleration induced by 
gravity has little or no measurable 
effect. The term zero-gravity is, 
obviously inappropriate since the 
quantization of gravity [1] shows that 
the gravity can have only discrete 
values different of zero [1, Appendix B].  
          Only three methods of creating a 
microgravity environment are 
currently known: to travel far enough 
into deep space so as to reduce the 
effect of gravity by attenuation, by 
falling, and by orbiting a planet.  
          The first method is the simplest 
in conception, but requires traveling an 
enormous distance, rendering it most 
impractical with the conventional 
spacecrafts. The second method, 
falling, is very common but 
approaches microgravity only when 
the fall is in a vacuum, as air resistance 
will provide some resistance to free 
fall acceleration. Also it is difficult to 
fall for long enough periods of time. 
There are also problems which involve 
avoiding too sudden of a stop at the 
end. The NASA Lewis Research 
Center has several drop facilities. One 
provides a 132 meter drop into a hole 
in the ground similar to a mine shaft. 
This drop creates a reduced gravity 
environment for 5.2 seconds. The 
longest drop time currently available 
(about 10 seconds) is at a 490 meter  
 

 
deep vertical mine shaft in Japan that 
has been converted to a drop facility. 
          Drop towers are used for 
experiments that only need a short 
duration of microgravity, or for an 
initial validation for experiments that 
will be carried out in longer duration 
of microgravity.  

 
          Aircraft can fly in parabolic arcs 
to achieve period of microgravity of 
20 to 25 seconds with g-level of 
approximately 0.02 g. The airplane 
climbs rapidly until its nose is about 
45-degree angle to the horizon then the 
engines are cut back. The airplane 
slows; the plane remains in free fall 
over the top of the parabola, then it 
nose-dives to complete the parabola, 
creating microgravity conditions.  
          Aircraft parabolic flights give 
the opportunity to perform medical 
experiments on human subjects in real 
microgravity environment. They also 
offer the possibility of direct 
intervention by investigators on board 
the aircraft during and between 
parabolas. In the mid-1980s, NASA 
KC-135, a modified Boeing 707, 
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provided access to microgravity 
environment. A parabolic flight 
provided 15 to 20 seconds of 0.01 g or 
less, followed by a 2-g pull out. On a 
typical flight, up to 40 parabolic 
trajectories can be performed. The 
KC-135 can accommodate up to 21 
passengers performing 12 different 
experiments. In 1993, the Falcon-20 
performed its first parabolic flight with 
microgravity experiment on board. 
This jet can carry two experimenters 
and perform up to 3 experiments. Each 
flight can make up to 4 parabolic 
trajectories, with each parabola lasting 
75 seconds, with 15 to 20 seconds of 
microgravity at 0.01g or less.                                                                                              

          
The third method of creating a 
microgravity environment is orbiting a 
planet. This is the environment 
commonly experienced in the space 
shuttle, International Space Station, 
Mir (no longer in orbit), etc. While this 
scenario is the most suitable for 
scientific experimentation and 
commercial exploitation, it is still 
quite expensive to operate in, mostly 
due to launch costs.  
          A space shuttle provides an ideal 
laboratory environment to conduct 
microgravity research. A large panoply 
of experiments can be carried out in 
microgravity conditions for up to 17 
days, and scientists can make 
adjustment to avoid experiment failure 

and potential loss of data. 
Unmanned capsules, platforms or 
satellites, such as the European 
retrievable carrier Eureka, DLR's 
retrievable carrier SPAS, or the 
Russian Photon capsules, the US 
Space Shuttle (in connection with the 
European Spacelab laboratory or the 
US Spacelab module), provide weeks 
or months of microgravity.  
          A space station, maintaining a 
low earth orbit for several decades, 
greatly improves access to 
microgravity environment for up to 
several months.         
          Thus, microgravity environment 
can be obtained via different means, 
providing different duration of 
microgravity. While short-duration 
microgravity environments can be 
achieved on Earth with relative 
easiness, longer-duration microgravity 
environments are too expensive to be 
obtained.                                               
Here, we propose to use the Gravity 
Control Cells (GCCs), shown in this 
work, in order to create longer-
duration microgravity environments. 
As we have seen, just above a GCC 
the gravity can be strongly reduced 
(down to 1μg or less). In this way, the 
gravity above a GCC can remain at the  
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microgravity ranging during a very 
long time (several years). Thus, GCCs 
can be used in order to create longer-
duration microgravity environments on  
Earth. In addition, due to the cost of 
the GCCs to be relatively low, also the 
longer-duration microgravity 
environments will be produced with 
low costs. 
          This possibility appears to be 
absolutely new and unprecedented in 
the literature since longer-duration 
microgravity environments are usually 
obtained via airplanes, sounding 
rockets, spacecraft and space station.  
           It is easy to see that the GCCs 
can be built with width and length of 
until some meters. On the other hand, 
as the effect of gravity reduction above 
the GCC can reach up to 3m, we can 
then conclude that the longer-duration 
microgravity environments produced 
above the GCCs can have sufficiently 
large volumes to perform any 
microgravity experiment on Earth. 
         The longer-duration microgravity 
environment produced by a GCC will 
be a special tool for microgravity 
research.  It will allow to improve and 
to optimize physical, chemical and 
biological processes on Earth that are 
important in science, engineering and 
also medicine. The reduction of 
gravitational effects in a microgravity 
environment shows, for example, that 
temperature differences in a fluid do 
not produce convection, buoyancy or 
sedimentation. The changes in fluid 
behavior in microgravity lie at the 
heart of the studies in materials 
science, combustion and many aspects 
of space biology and life sciences. 
Microgravity research holds the 

promise to develop new materials 
which can not be made on Earth due to 
gravity. These new materials shall 
have properties that are superior to 
those made on Earth and may be used 
to: 
-increase the speed of future 
computers, 
-improve fiber optics, 
-make feasible Room Temperature 
  Superconductors,  
-enable medical breakthroughs to cure   
  several diseases (e.g., diabetes). 
          In a microgravity environment 
protein crystals can be grown larger 
and with a purity that is impossible to 
obtain under gravity of 1g. By 
analyzing the space-grown crystals it 
is possible to determine the structure 
and function of the thousands of 
proteins used in the human body and 
in valuable plants and animals. The 
determination of protein structure 
represents a huge opportunity for 
pharmaceutical companies to develop 
new drugs to fight diseases. 
          Crystal of HIV protease 
inhibitor grown in microgravity are 
significantly larger and of higher 
quality than any specimens grown 
under gravity of 1g. This will help in 
defining the structure of the protein 
crucial in fighting the AIDS virus. 
          Protein Crystal Isocitrate Lysase 
is an enzyme for fungicides. The 
isocitrate lysase crystals grown in 
microgravity environments are of 
larger sizes and fewer structural 
defects than crystals grown under 
gravity of 1g. They will lead to more 
powerful fungicides to treat serious 
crop diseases such as rice blast, and 
increase crop output.  
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          Improved crystals of human 
insulin will help improve treatment for 
diabetes and potentially create a cure.  
          Anchorage dependent cells 
attached to a polymer and grown in a 
bioreactor in microgravity will lead to 
the production of a protein that is 
closer in structure and function to the 
three-dimensional protein living in the 
body.  

          This should help reduce or 
eliminate transplant rejection and is 
therefore critical for organ transplant 
and for the replacement of damaged 
bone and tissues. Cells grown on Earth 
are far from being three-dimensional 
due to the effect of 1g gravity.  
          The ZBLAN is a new substance 
with the potential to revolutionize fiber 
optics communications. A member of 
the heavy metal fluoride family of 
glasses, ZBLAN has promising 
applications in fiber optics. It can be 
used in a large array of industries, 
including manufacture of ultra high 

purity fiber optics, optical switches 
for computing, telecommunications, 
medical surgery and cauterization, 
temperature monitoring, infrared 
imaging, fiber-optic lasers, and optical 
power transmission. A ZBLAN fiber 
optic cable manufactured in a 
microgravity environment has the 
potential to carry 100 times the 
amount of data conveyed by 
conventional silica-based fibers.  
          In microgravity environment 
where complications of gravity-driven 
convection flows are eliminated, we 
can explore the fundamental processes 
in fluids of several types more easily 
and test fundamental theories of three-
dimensional laminar, oscillatory and 
turbulent flow generated by various 
other forces.  
          By improving the basics for 
predicting and controlling the behavior 
of fluids, we open up possibilities for 
improving a whole range of industrial 
processes:  
 
-aCivil engineers can design safe 
buildings in earthquake-prone areas 
thanks to a better understanding of the 
fluid-like behavior of soils under 
stress. 
  
- Materials engineers can benefit from 
a deeper knowledge of the 
determination of the structure and 
properties of a solid metal during its 
formation and can improve product 
quality and yield, and, in some cases, 
lead to the introduction of new 
products.  
 
- Architects and engineers can design 
more stable and performing power 
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plants with the knowledge of the flow 
characteristics of vapor-liquid mixture.  
 
- Combustion scientists can improve 
fire safety and fuel efficiency with the 
knowledge of fluid flow in 
microgravity.  
          In microgravity environment, 
medical researchers can observe the 
functional changes in cells when the 
effect of gravity is practically 
removed. It becomes possible to study 
fundamental life processes down to the 
cellular level. 
          Access to microgravity will 
provide better opportunities for 
research, offer repeated testing 
procedures, and enormously improve 
the test facilities available for life 
sciences investigations. This will 
provide valuable information for 
medical research and lead to 
improvements in the health and 
welfare of the six billion people, which 
live under the influence of 1g gravity 
on the Earth's surface.  
          The utilization of microgravity 
to develop new and innovative 
materials, pharmaceuticals and other 
products is waiting to be explored. 
Access to microgravity environments 
currently is limited. Better access, as 
the produced by GCCs, will help 
researchers accelerate the 
experimentation into these new 
products.  
          Terrafoam is a rigid, silicate 
based inorganic foam. It is 
nonflammable and does not five off 
noxious fumes when in the presence of 
fire. It does not conduct heat to any 
measurable degree and thus is an 
outstanding and possible unsurpassed 
thermal insulator. In addition, it 

appears to have unique radiation 
shielding capabilities, including an 
ability to block alpha, beta, gamma 
rays). Terrafoam can be constructed to 
be extremely lightweight. Altering the 
manufacturing process and the 
inclusion of other materials can vary 
the properties of Terrafoam. Properties 
such as cell structure, tensile strength, 
bulk density and temperature 
resistance can be varied to suit specific 
applications. It self-welds to concrete, 
aluminum and other metals. The useful 
variations on the base product are 
potentially in the thousands. Perhaps 
the most exciting potential 
applications for Terrafoam stem from 
its extraordinary capability as an ultra-
lightweight thermal and radioactive 
shield. 
           Also, the formation of 
nanoscale carbon structures by 
electrical arc discharge plasma 
synthesis has already been investigated 
in microgravity experiments by 
NASA.  Furthermore, complex 
plasmas are relevant for processes in 
which a particle formation is to be 
prevented, if possible, as, for example, 
within plasma etching processes for 
microchip production. 

 
          People will benefit from 
numerous microgravity experiments 
that can be conducted in Longer-
Duration Microgravity Environment 
Produced by Gravity Control Cells 
(GCCs) on Earth. 
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APPENDIX D: Antenna   with   Gravitational Transducer   for  
                           Instantaneous Communications at any distance   
 

          It was previously shown in this 
article that Quantum Gravitational 
Antennas (GCC antennas, Fig.8) can 
emit and detect virtual gravitational          
radiation. The velocity of this radiation 
is infinite, as we have seen. This means 
that these quantum antennas can 
transmit and receive communications 
instantaneously to and from anywhere 
in the Universe. Here, it is shown how 
to transmit and receive 
communications instantaneously from 
any distance in the Universe by 
utilizing virtual electromagnetic (EM) 
radiation instead of virtual 
gravitational radiation. Starting from 
the principle that the antennas of usual 
transceivers (real antennas) radiate real 
EM radiation, then we can expect that 
imaginary antennas radiate imaginary 
EM radiation or virtual EM radiation. 
The velocity of this radiation is also 
infinite, in such a way that          
it can transmit communications 
instantaneously from any distance in 
the Universe.  

    

          

          It was shown [1] that when the 
gravitational mass of a body is 
decreased down to the range of 

 to  (  is its inertial 
mass), the body becomes imaginary 
and goes to an imaginary Universe 
which contains our real Universe. 
Thus, we have the method to convert 
real antennas to imaginary antennas.  

im159.0+ im159.0− im

          Now, consider a Gravitational 
Shielding , whose gravitational mass  S
 

is decreased down to the range of 
iSm159.0+  to iSm159.0− . By analogy, it 

becomes imaginary and goes to the 
imaginary Universe. It is easy to show 
that, in these circumstances, also a 
body inside the shielding  becomes 
imaginary and goes to the imaginary 
Universe together with the gravitational 
shielding . In order to prove it, 
consider, for example, Fig.D1 where 
we clearly see that the Gravitational     
Shielding     Effect    is equivalent to a 
decrease of 

S

S

iSgS mm=χ  in the 
gravitational masses of the bodies A  
and B , since the initial gravitational 
masses: iAgA mm ≅  and  become 
respectively 

iBgB mm ≅

iAgA mm χ=  and iBgB mm χ= , 
when the gravitational shielding is 
activated. Thus, when χ  becomes less 
than 159.0+ , both the gravitational 
masses of  and S A  become 
respectively: 
 

iSgS mm 159.0+<  
and  

iAgA mm 159.0+<  
 
This proves, therefore, that when a 
Gravitational Shielding  becomes 
imaginary, any particle (including 
photons

S

‡‡‡‡‡) inside , also becomes 
imaginary  and  goes  to  the imaginary  

S

                                           
‡‡‡‡‡ As shown in the article “Mathematical 
Foundations of the Relativistic Theory of Quantum 
Gravity”, real photons become imaginary photons or 
virtual photons. 
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(c)  
 
Fig.D1 – (a) (b) The Gravitational    Shielding
Effect is equivalent to a decrease of iSgS mm=χ
in the gravitational masses of the bodies A
and B . (c) When a Gravitational Shielding S
becomes imaginary, any particle (including
photons) inside S , also becomes imaginary. 

22 r
mG

r
m

Gg iBgB
BA −≅−=

r 

22 r
m

G
r

m
Gg iAgA

AB −≅−=

1, <= χχ iSgS mm  

22 r
m

G
r

m
Gg iBgB

BA
χ

−=−=

 

22 r
m

G
r
m

Gg iAgA
AB

χ
−=−=

iSgS mm 159.0+<
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Universe together with the 
Gravitational Shielding §§§§§S .  
          Now, consider a transceiver 
antenna inside a Gravitational 
Shielding . When the gravitational 
mass of , , is reduced down to the 
range of  to , the 

S
S gSm

iSm159.0+ iSm159.0−
                                           
§§§§§ Similarly, the bodies inside a Gravitational 
Spacecraft become also imaginaries when the 
Gravitational Spacecraft becomes imaginary.  

antenna becomes imaginary, and, 
together with , it goes to the 
imaginary Universe. In these 
circumstances, the real photons 
radiated from the antenna also become 
imaginary photons or  virtual photons. 
Since the velocity of these photons is 
infinite, they can reach instantaneously 
the receiving antenna, if it is also an 
imaginary antenna in the imaginary 
Universe.   

S

          Therefore, we can say that the 
Gravitational Shielding around the 
antenna works as a Gravitational 
Transducer ****** converting real EM 
energy into virtual EM energy. 
          In practice, we can encapsulate 
antennas of transceivers with 
Aluminum cylinders, as shown in 
Fig.D2(a). By applying an appropriate 
ELF electric current through the Al 
cylinders, in order to put the 
gravitational masses of the cylinders 
within the range of  
to

iCylm159.0+

iCylm159.0−  , we can transform real 
antennas into imaginary antennas, 
making possible  instantaneously 
communications at any distance, 
including astronomical distances.  
          Figure D2 (b) shows usual 
transceivers operating with imaginary 
antennas, i.e., real antennas turned into 
imaginary antennas. It is important to 
note that the communications between 
them occur through the imaginary 
space-time.  At the end of 
transmissions, when the Gravitational 
Transducers are turned off, the 
antennas reappear in the real space-
time, i.e., they become real antennas 
again.  
                                           
****** A Transducer is substance or device that converts 
input energy of one form into output energy of another.  
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          Imagine now cell phones using 
antennas with gravitational transducers. 
There will not be any more need of cell 
phone signal transmission stations 
because the reach of the virtual EM 
radiation is infinite (without 
scattering). The new cell phones will 
transmit and receive communications 
directly to and from one another. In 
addition, since the virtual EM radiation 
does not interact with matter, then there 
will not be any biological effects, as it 
happens in the case of usual cell 
phones.  
 
     
 
 
 
 
 
  

     (a) 
 
 
 
 
 
                                   
                                            
 
                       
 
                                             
 
 

(b) 
Fig. D2 – (a) Antenna with Gravitational
Transducer. (b) Transceivers operating with
imaginary antennas (instantaneous
communications at any distance, including
astronomical distances).  

Virtual photons 
v → ∞   

 Imaginary  Space-time  

 Real Space-time  
Real Transceiver 2 

Real Transceiver 1 

 Imaginary antennas +  
Imaginary transducers 

~
ELF electric current 

Aluminum cylinder            Antenna 

          Let us now consider the case 
where a transceiver is totally turned 
into imaginary (Fig.D3). In order to 
convert  real antennas into imaginary 
antennas, we have used the 
gravitational shielding effect, as we 
have already seen. Now, it is necessary 

to put the transceiver totally inside a 
Gravitational Shielding. Then, consider 
a transceiver X  inside the gravitational 
shielding of a Gravitational Spacecraft. 
When the spacecraft becomes 
imaginary, so does the transceiver X . 
Imagine then, another real transceiver 

 with imaginary antenna.  With their 
antennas in the imaginary space-time, 
both transceivers 

Y

X  and Y  are able to 
transmit and receive communications 
instantaneously between them, by 
means of virtual EM radiation (See 
Fig. D3(a)). Figure D3(b) shows 
another possibility: instantaneous 
communications between two 
transceivers at virtual state. 

   
 
 
 
                                   
                                            
 
                       
 
                                             
 

(a) 
   

 
 
 
                                   
                                            
 
                       
 
                                             

(b) 
 
Fig. D3 – (a) Instantaneous communications
between the real Universe and the imaginary
Universe.(b) Instantaneous communications
between two Virtual Transceivers in the
imaginary Universe. 
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POSSIBILITY OF CONTROL OF THE  GRAVITATIONAL MASS
BY MEANS OF EXTRA-LOW FREQUENCIES RADIATION

Fran De Aquino*

Physics Department, Maranhao State University, S.Luis/ MA, Brazil.

      According to the weak form of Einstein’s general relativity equivalence principle, the
gravitational and inertial masses are equivalent. However recent calculations have revealed
that they are correlated by an adimensional factor, which is equal to one in absence of
radiation only. We have built an experimental system to check this unexpected theoretical
result. It verifies the effects of the extra-low frequency (ELF) radiation on the gravitational
mass of a body. We show that there is a direct correlation between the radiation absorbed by
the body and its gravitational mass, independently of the inertial mass.

Introduction

                                          
* Permanent Address: R.Silva Jardim, 521-centro, 65020-560 S. Luis/MA, Brazil.( E-mail: deaquino@uema.br ).

The physical property of mass has two
distinct aspects, gravitational mass mg

and inertial mass mi . Gravitational
mass produces and responds to
gravitational fields. It supplies the mass
factors in Newton's famous inverse-
square law of gravity(F12=Gmg1mg2

/r12
2). Inertial mass is the mass factor

in Newton's 2nd Law of Motion
(F=mia). One of the deep mysteries of
physics is the correlation between
these two aspects of mass. Several
experiments1-6 have been carried out
since the century XIX to try to verify the
correlation between gravitational mass
mg and  inertial mass mi.
      In a recent paper7 we have shown
that the gravitational mass and the
inertial mass are correlated by an
adimensional  factor, which depends
on the incident radiation upon the
particle. It was shown that only in the
absence of electromagnetic radiation
this factor becomes equal to 1 and
that, in specific electromagnetic
conditions, it can be reduced,  nullified
or made   negative. This means that
there is the possibility of control of the
gravitational mass by means of the
incident radiation.
      The general expression of
correlation between gravitational mass
mg and inertial mass mi , is given by

( ) )1(11)/(1
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The electromagnetic characteristics,
ε ,µ and σ  do not refer to the particle,
but to the outside medium around the
particle in which the incident radiation
is propagating. For an atom inside  a
body , the incident radiation on this
atom will be propagating inside the
body , and consequently , σ = σbody ,
ε = εbody, µ =µbody. So, if ω << σbody/εbody

, equation above reduces to
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where ma  is the inertial mass of the
atom .
      Thus we see that, atoms (or
molecules)can have their gravitational
masses   strongly reduced  by means
of extra-low frequency (ELF) radiation.
      We have built a system to verify
the effects of the ELF radiation
on the gravitational mass of  a body .
In this work we present the
experimental set-up and the results
obtained.

Experimental
      Let  us  consider  the  apparatus  in
figure  1 .  The  Transformer   has   the
following characteristics:
• Frequency : 60 Hz



• Power : 11.5kVA
• Number of turns of coil : n1 = 12, n2 = 2
• Coil 1 : copper wire 6 AWG
• Coil 2 : ½ inch diameter copper rod

(with insulation paint).
• Core area:502.4cm2 ;φ=10 inch (Steel)
• Maximum input voltage : V1

max = 220 V
• Input impedance : Z1 = 4.2 Ω
• Output impedance : Z2 < 1m Ω    ( ELF

antenna  impedance : 116 mΩ )
• Maximum output voltage  with coupled

antenna : 34.8V
• Maximum output current with coupled

antenna : 300 A
      In the system-G the annealed pure
iron has an electric conductivity σi

=1.03×107S/m, magnetic permeability
µi = 25000µ0 

8,thickness 0.6 mm ( to
absorb the ELF radiation produced by
the antenna).The iron powder which
encapsulates the ELF antenna has σp

≈10 S/m ;µp ≈ 75µ0 
9. The  antenna

physical length is  z0 = 12 m, see
Fig.1c.The power radiated  by the
antenna can be calculated  by the well-
known general expression, for z0 << λ :

P = (I0 ωz0 )2/ 3πεv3 {[1+ (σ/ωε )2 ]½ +1}   (3)

where  I0 is the antenna current
amplitude ; ω = 2πf ; f =60Hz ; ε =εp ;
σ =σp  and   v   is the wave phase
velocity  in the iron powder ( given by
Equation1.02 , in reference [1] ). The
radiation efficiency    e = P / P+Pohmic

is nearly 100%.
      Each atom of the annealed iron
toroid absorbs an ELFenergy U=ηPa /f,
where η is a particle-dependent
absorption coefficient (the maxima  η
values occurs, as we know, for the
frequencies of the atom’s absorption
spectrum ) and  Pa is the incident
radiation power on the atom ; Pa=DSa

where Sa is the atom’s geometric cross
section and  D=P/S  the radiation
power density on the iron atom ( P is
the power radiated  by the antenna
and S  is the area of the  annealed iron
toroid (S = 0.374 m2,see Fig.1b) . So,
we can write :

U =ηSa(I0z0)
2ω/3Sεiv

3{[1+(σi/ωεi )
2]½+1}  (4)

 Consequently, according to Eq.(1) , for
ω<<σi/εi , the  gravitational masses of
these iron atoms, under these
conditions, will be given by :

mg = ma−2{[1+4.4×10−9 I04]½−1}ma       (5)

Equation above shows  that the
gravitational masses (mg ) of the atoms
of the annealed pure iron toroid can be
nullified for  I0 = 129.83A. Above this
critical value the gravitational  masses
becomes negatives (antigravity).

Results and Discussion
      Figure 2 presents the results  of mg

calculated by means of  Eq.5, plotted
as a function of current  I0  , for
µi = 25000µ0 ; σi =1.03×107 S/m ;
σp ≈10 S/m ;  µp ≈ 75µ0 ; z0 = 12 m.
      The experimental results obtained
( see Table1) are plotted on said figure
to be compared with those supplied by
the theory.
      It is important to note that, in
practice, when I0 = 130.01A the
gravitational mass of system-G
reduces to  5.80kg ; exactly equal to
the mass of the steel toroid  (see fig.1).
This occurs due to  gravitational mass
of the annealed pure iron toroid to
become null when I0 =130.01A
(Exactly as predicted by the theory.
i.e., the gravitational masses of the
atoms of the annealed iron toroid
become null for  I0 = 129.83A).
      Under these circumstances, the
toroid doesn’t interact gravitationally
with the Universe, and consequently ,
there can be no gravitational
interaction between the matter inside
the toroid and the rest of the Universe.
Therefore, the gravitational mass of
system-G reduces to the mass of the
steel toroid , which is outside the
annealed iron toroid.

             
Conclusion
      This experiment ( carried out by
the author on January 27, 2000)



provides a strong evidence that the
general expression of correlation
between gravitational mass and inertial
mass (Eq.1) is true. So, we can easily
conclude that the gravitational forces
can be reduced, nullified and inverted
by means of  electromagnetic radiation .
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                                                                                               Connection cables
                                   dynamometer                             4/0 AWG 19 wires ; 20 cm

                                                                                                 Transformer
                          System-G

0  220                       220 V
                                                                               INPUT   V                          60Hz

(a) Experimental set-up

                                   ELF antenna (dipole elements in superimposed spirals;
                                totally encapsulated in the iron powder)
                                   Iron powder
                                   Annealed pure iron ; thickness=0.6mm
                                       2½  inch  diameter  steel toroid                                                

                                                                                                                                     63.5mm

                                         320mm                         320mm

(b) Cross section of the System - G

                                                                            spiral 1(dipole element 1)length=Z0 / 2=6m
                                                                                      1

                                                                           2                    2
            2   1   2                       2   1    2               1                    1

                                                                                       2
                                                                           spiral 2(dipole element 2)length=Z0 / 2=6m
                                                                     Three turns of spiral for each dipole element
                                                           ( copper rod with insulation paint ; ½ inch diameter )

                                             Antenna Top View

                               1        2         (c) Spiral antenna arrangement

           Fig. 1 – Schematic View of the Experimental Apparatus
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Fig.2 – Comparison between experimental data(  ) and theory (solid line).



             mg (kg)        I0
       (A)     Theory     Exper.
          0      34.85     34.85
        50      34.80     34.83
      100      34.17     34.26
      130.01        5.80       5.80
      150      32.14     32.25
      200      28.61     28.68
      250      23.75     23.80
      300      17.68     17.69

          Table 1



Correlation Between Gravitational and Inertial Mass:
Theory and Experimental Test.

                             Fran De Aquino
                                         Maranhao State University,
                                              Physics Department,
                                        65058-970 S.Luis/MA, Brazil.

The physical property of mass has two distinct aspects, gravitational mass and inertial mass.
The weight of a particle depends on its gravitational mass. According to the weak form of the
equivalence principle, the gravitational and inertial masses are equivalent. But, we show here
that they are correlated by  a dimensionless  factor, which can be different of one .  The factor
depends on the  electromagnetic energy absorbed or emitted by the particle and of the index of
refraction of the medium around the particle. This theoretical correlation has been
experimentally  proven by means of a very simple apparatus,  presented here.

The gravitational mass, gm  , produces

and responds to gravitational fields. It
supplies the mass factors in Newton's
famous inverse-square law of
Gravitation ( )2

122112 rmGmF gg= . Inertial

mass im  is the mass factor in Newton's

2nd Law of Motion ( )amF i= .
          Several experiments1-6, have
been carried out since Newton to try to
establish a correlation between
gravitational mass and  inertial mass.
           Recently J.F.Donoghue and
B.R. Holstein7 have shown that the
renormalized mass for  temperature

0=T   is expressed by 0mmmr δ+=
where 0mδ  is the temperature-
independent mass shift. In addition, for

0>T , mass renormalization leads to
the following expressions for inertial and      
gravitational masses, respectively:

βδδ mmmmi ++= 0  ; βδδ mmmmg −+= 0 ,

where  βδm   is the temperature-

dependent mass shift given by

imTm 32παδ β = .

          This means that a particle’s
gravitational mass decreases with the
increasing  temperature and that only
in absolute zero ( )KT 0=  are
gravitational mass and inertial mass
equivalent.
          The  expression of  βδm

obtained by Donoghue and Holstein
refers solely to thermal radiation. But,

βδm   represents also the inertial mass

shift . It can be seen by repeating the
renormalization of the external
electromagnetic vertex at finite
temperature. On the other hand, it is
easy to see that the inertial mass shift
is related to inertial Hamiltonian shift

Ηδ . Thus we can obtain the general
expression of βδm  by means of the

inertial Hamiltonian shift Ηδ ,i.e.,
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 where pδ  is the correspondent
particle's momentum shift.
          Consequently, the general
expression of correlation between
gravitational and inertial mass can be
write in the following form
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          We can look on this change in
momentum as due to the
electromagnetic energy absorbed or
emitted by the particle ( absorbed or
emitted radiation by the particle and/or
Lorentz's force upon charged particle
due to electromagnetic field).
          In the case of radiation,
according to Quantum Mechanics, we
can write



2

[ ]3v/U

)dt/dz/(U)k//(NkNp

=
==== ωωδ

��

Where U  is the electromagnetic
energy absorbed or emitted by the
particle and v  is the velocity of the
electromagnetic waves, which can
be write as follows

( )
[ ]4
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ωεσµε rr

c
v

 ε ,µ and σ,   are the electromagnetic
characteristics of the medium in which
the incident (or emitted) radiation is
propagating   ( 0εεε r=  where rε  is the
relative electric permittivity and

mF /10854.8 12
0

−×=ε  ; 0µµµ r=  where

rµ is the relative magnetic permeability

and m/H7
0 104 −×= πµ ). For an atom

inside  a body , the incident(or emitted)
radiation on this  atom will be
propagating inside the body , and
consequently , σ = σbody , ε = εbody,
µ =µbody.
          From the Eq.(3) follows that
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where rn  is the index of refraction,
given by
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c is the speed in a vacuum and v  is
the speed in the medium.
          By the substitution of  Eq.(5)
into Eq.(2), we obtain
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          Recently, L.V. Hau et al.,8

succeeded in reducing the speed of
light to 17 m/s  by optically inducing a
quantum interference in a Bose-
Einstein condensate. This means an
enormous index of refraction ( 710≈rn )
at ~1014Hz.
          Light can be substantially slowed
down or frozen completely 9. If t he

speed of light is reduced to <0.1m/s,
the Eq.(7) tell us that the gravitational
masses of the atoms of the Bose-
Einstein condensate become negative.
          If the absorbed (or emitted)
radiation is monochromatic and has
frequency f , we can put nhfU = in
Equation(7), where n  is the number of
incident (or radiated) photons on the
particle of mass im . Thus we obtain
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In that case, according to the Statistical
Mechanics, the calculation of  n  can
be made based on the well-known
method of Distribution Probability . If all
the particles inside the body have the
same mass im , the  result  is

[ ]9a
S

N
n=

where  S  is the average density  of
absorbed (or emitted) photons on the
body;  a  is the area of the surface of a
particle of  mass   im   from the body.
          Obviously  the power P  of  the
absorbed  radiation   must   be

2/ NhftNhfP =∆= , thus we can write
2hf/PN = . Substitution of N  into

Eq.(9) gives
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where D  is the power density of the
incident( or emitted) radiation. Thus
Eq.(8) can be rewritten in the following
form:
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For  ωεσ >>  Eq.(4) reduces to
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By substitution of Eq.(12) into Eq.(11)
we obtain
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          This equation shows clearly that,
atoms (or molecules) can have their
gravitational  masses   strongly
reduced  by means of Extra-Low
Frequency  (ELF) radiation.
          We have built an apparatus to
produce ELF radiation ( transmitter and
antenna) and to check the effects of
this radiation upon the gravitational
mass of  a material   surrounding the
antenna ( see Fig. 1).
          The antenna is a half-wave
dipole, encapsulated by a iron sphere
(purified iron, 99.95% Fe; 00005 µµ ,i = ;

m/S.i
710031 ×=σ ).

          The radiation resistance of the
antenna for a frequency  fπω 2= , can
be written as follows 10

[ ]14
6

2zR ii
r ∆

π
βωµ

=

where z∆  is the length of the dipole and
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where iv  is the velocity of the radiation
through the iron.
          Substituting (15)   into (14) gives
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          Note that when the  medium
surrounding the dipole is air and

εσω >> , 00µεωβ ≅ , cv ≅  and rR

reduces to the well-know expression
( ) 3

0
2 6 czRr πεω∆≅ .

          Here, due to ii ωεσ >>  , iv  is
given by the Eq.(12). Then Eq.(16) can
be rewritten in the following form

( ) [ ]17
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The ohmic resistance of the dipole is 11

[ ]18
2 0

Sohmic R
r

z
R

π
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 where  0r  is the radius of the cross

section of the dipole, and SR  is the
surface resistance ,

[ ]19
2 dipole

dipole
SR

σ
ωµ

=

Thus,

[ ]20
40 dipole

dipole
ohmic

f

r

z
R

πσ
µ∆≅

Where 0µµµ ≅= copperdipole  and

m/S.copperdipole
71085 ×==σσ  .

          Let us now consider the
apparatus ( System H ) presented in
Fig.1.
          The radiated power for an
effective (rms) current  I   is then

2IRP r=  and consequently
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where S  is the effective area. It can be
easily shown that S  is the outer
area of the iron sphere, i.e.,

22 1904 m.rS outer == π  .
          The iron surrounding the dipole
increases its inductance L . However,
for series RLC circuit the resonance
frequency is LCfr π21= , then when

rff =  ,

.
C

L

C

L

Cf
LfXX

r

rCL 0
2

1
2 =−=−=−

π
π

Consequently, the impedance of the
antenna, antZ , becomes purely
resistive, i.e.,

( ) .RRRXXRZ ohmicrantCLantant +==−+= 22

          For  mHz.ff r 99==     the    length
of the dipole is

mmm.ffvz ii 70070022 ===== σµπλ∆ .
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Consequently, the  radiation resistance

rR , according to Eq.(17), is
Ωµ564.Rr =  and the  ohmic

resistance, for mmr 130 = , according to

Eq.(20), is Ωµ020.Rohmic ≅ . Thus,

Ωµ584.RRZ ohmicrant =+=  and the
efficiency  of the antenna is

( )%..RRRe ohmicrr 56995699=+= .
          The radiation of frequency

mHz.f 99=  is   totally     absorbed   by
the  iron  along     a   critical   thickness

mmm.fz ii 11011055 =≅== σµπδ .

Therefore, from the Fig.1 we conclude
that  the iron sphere will  absorb
practically all radiation emitted from the
dipole. Indeed, the sphere has been
designed  with this purpose, and in
such a manner that all their atoms
should be reached  by the radiation. In
this way, the radiation outside of the
sphere is practically  negligible.
          When the ELF radiation strikes
the  iron atoms  their gravitational
masses, gim , are changed and,

according to Eq.(13), become
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Substitution of (21) into (22) yields
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          Note that the equation above
doesn't depends on f .
          Thus, assuming  that    the
radius    of    the  iron  atom  is

m.riron
1010401 −×= ; 2192 104624 m.ra ironiron

−×== π
and ( ) kg.kg..miron

2627 10279106618555 −− ×=×=
then the  Eq.(23) can be rewritten as
follows

{ } [ ]2411038212 44
iigi mI.mm −×+−= −

           The equation above shows that
the gravitational masses of the iron
atoms can be nullified for A.I 518≅ .

Above this critical current, gim

becomes negative.
       The Table 1 presents the
experimental  results obtained from the
System H for the gravitational mass of
the iron sphere, ( )sphereirongm , as a

function of the current  I , for
kg.m sphereiron 5060=           ( inertial mass

of the iron sphere ). The values for

( )sphereirongm , calculated by means of

Eq.(24), are  on that Table to be
compared with those supplied by the
experiment.
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APPENDIX:   A Simple Derivation of the Correlation between
                         Gravitational  and Inertial Mass.

In order to obtain the  general
expression of correlation between gm

and im , we  will start with the definition

of inertial Hamiltonian, iH , and

gravitational  Hamiltonian, gH , i.e.,

[ ]
[ ]2
1

222

222

ϕ

ϕ

QcmpcH

QcmpcH

ggg

iii

++=

++=

 where  im  and  gm  are respectively,

the inertial and gravitational masses at
rest ; ip  is  the inertial momentum and

gp  the gravitational momentum; Q  is

the electric charge and  ϕ   is an
electromagnetic potential.
          A momentum shift , pδ , on the
particle, produces an inertial
Hamiltonian shift, Hδ  ,given by

( ) [ ]342224222
cmcpcmcppH iiii +−++= δδ

          Fundamentally  pδ  is related to
absorption or emission of energy.
          In the general case  of
absorption and posterior emission, in
which the particle acquires a pδ  at the
absorption  and another pδ  at the
emission, the total inertial Hamiltonian
shift is

( ) [ ]42 42224222 


 +−++= cmcpcmcppH iiii δδ

Note that Hδ  is always positive.
          We now may define the
correlation between iH     and    gH as

follows
[ ]5HHH gi δ+=

 If 0=Hδ , gi HH = , i.e., ig mm = .

          In addition from the Eqs.[1] and
[2], we can write:

[ ]642224222 cmcpcmcpHH ggiigi +−+=−
          For a particle at rest, 0=V ;

0== gi pp . Consequently, Eqs.[4] and

[6] reduces to

( ) [ ]72 24222 cmcmcpH ii −+= δδ
and

( ) [ ]82cmmHH gigi −=−
Substitution of Eqs[7] and [8] into
Eq.[5] yields

( ) ( )242222 2 cmcmcpcmm iigi −+=− δ
From this equation we obtain

[ ]9112
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mm














−





+−= δ

 This is the general expression of
correlation between gravitational and
inertial mass.
          Note that the term inside the
square bracket is always positive.
Thus, except for anti-matter ( 0<im ),
the  second term on the right  hand
side  of Eq.[9]  is always negative.
         In particular, we can look on the
momentum shift ( )pδ  as due to
absorption or emission of
electromagnetic energy by the particle
( by means of radiation and/or by
means of Lorentz's force upon the
charge of the particle).



                                                                    Cross section

                                                                      Front view

                                       Fig.1 - Schematic diagram of the System H
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                                                                           ( )sphereirongm

                            I                                                    ( kg )
                          (A)
                                                        theory                             experimental

                         0.00                            60.50                                 60.5

                         1.00                            60.48                                 60.(4)

                         2.00                            60.27                                 60.(3)

                         3.00                            59.34                                 59.(4)

                         4.00                            56.87                                 56.(9)

                         5.00                            51.81                                 51.(9)

                         6.00                            43.09                                 43.(1)

                         7.00                            29.82                                 29.(8)

                         8.00                            11.46                                 11.(5)

                         8.51                              0.0                                     0.(0)

                         9.00                          -12.16                                -12.(1)

                       10.00                          -40.95                                -40.(9)

                                                           Table 1

              Note: The inertial mass of the iron sphere is kg.m sphereiron 5060=
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          It was shown that the gravitational 
mass mg and inertial mass mi are correlated 
by means of the following factor [1]: 
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where  is the rest inertial mass of the 
particle and  is the variation in the 
particle’s kinetic momentum;  is the speed 
of light.   

0im
pΔ

c

          When  is produced by the 
absorption of a photon with wavelength

pΔ
λ , it 

is expressed by λhp =Δ . In this case, Eq. 
(1) becomes  
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where cmh i00 =λ  is the De Broglie 
wavelength for the particle with rest inertial 
mass .  0im
           It is easily seen that  cannot be 
strongly reduced simply by using 
electromagnetic waves with wavelength 

gm

λ  
because  0λ  is very smaller than . 
However, it is known that the wavelength of 
a radiation can be strongly reduced simply by 
strongly reducing its velocity.  

m1010−

          There are several ways to reduce the 
velocity of an electromagnetic radiation. For 
example, by making light cross an ultra cold 
atomic gas, it is possible to reduce its velocity 
down to 17m/s [2-7]. Here, it is shown that the 
velocity of an electromagnetic radiation can 

be strongly reduced simply by making the 
radiation cross a conductive foil. 
          From Electrodynamics we know that 
when an electromagnetic wave with 
frequency and velocity  incides on a  
material  with relative  permittivity 

f c

rε , 
relative magnetic permeability rμ  and 
electrical conductivity σ , its velocity is 
reduced to rncv =  where  is the index of 
refraction of the material, given by  [

rn
8]  
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If  ωεσ >> f, π2ω = , the Eq. (3) reduces to 

( )4
4 0 f

n r
r πε

σμ
=

Thus, the wavelength of the incident 
radiation becomes 

( )54
mod σμ

πλλ
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f
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rr
====

  
 
 
 
 
 
 
 
 
 
Fig. 1 – Modified Electromagnetic Wave. The 
wavelength of the electromagnetic wave can be
strongly reduced, but its frequency remains the same.

v = c v = c/nr 

λ = c/f λmod = v/f = c/nr f

nr 

           
          Now consider a (GHz1 m3.0≅λ ) 
radiation incident on Aluminum foil with 

 and thicknessmS /1082.3 7×=σ mμξ 5.10= . 
According to Eq. (5), the modified 
wavelength  is  



 2

( )6106.14 5
mod m

f
−×==

σμ
πλ

Consequently, the wavelength of the  
radiation inside the foil will be 

 and not

GHz1

m5
mod 106.1 −×=λ m3.0≅λ . 

          It is known that a radiation with 
frequency  f,  propagating through a material 
with electromagnetic characteristics ε, μ and 
σ , has the amplitudes of its waves decreased 
in e−1=0.37 (37%), when it passes through a 
distance  z, given by  
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)7(

11
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2
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ωεσεμω

z

 The radiation is totally absorbed at a 
distance δ≅5z  [8].  
          In the case of the  radiation 
propagating through the Aluminum foil  Eq. 
(7), gives  

GHz1

)8(57.21057.21 6 m
f

z μ
πμσ

=×== −

Since the thickness of the Aluminum foil is  
mμξ 5.10=  then, we can conclude that, 

practically all the incident   radiation is 
absorbed by the foil. 

GHz1

           If the foil contains atoms/mn 3, then 
the number of atoms per area unit is ξn . 
Thus, if the electromagnetic radiation with 
frequency incides on an area  of the foil 
it reaches

f S
ξnS atoms. If it incides on the total 

area of the foil, , then the total number of  
atoms reached by the radiation is 

fS
ξfnSN = .  

The number of atoms per unit of volume, , 
is given by 

n

( )90

A
N

n
ρ

=

where  is the 
Avogadro’s number ; 

kmoleatomsN /1002.6 26
0 ×=

ρ  is the matter density 
of the foil (in kg/m3) and A is the atomic 
mass. In the case of the Aluminum 
( )kmoleAmkg 98.26,/2700 3 ==ρ  the result is  

( )10/1002.6 328 matomsnAl ×=
The total number of photons inciding on the 
foil is 2hfPn photonstotal = , where  is the 

power of the radiation flux incident on the 
foil.              

P

          When an electromagnetic wave incides 
on the Aluminum foil, it strikes on  front 
atoms, where 

fN
( ) atomff nSN φ≅  . Thus, the 

wave incides effectively on an area 

af SNS = , where 2
4
1

atomaS πφ=  is the cross 

section area of one Aluminum atom. After these 
collisions, it carries out  with the 
other atoms of the foil (See Fig.2).  

collisionsn

 
  
 
 
 
 
 
 
 
Fig. 2 – Collisions inside the foil.   

foil 
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Sa 

Wave 

Thus, the total number of collisions in the 
volume ξS is 

( )
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φξφ

nS

nSnSnSnNN atomatomcollisionsfcollisions

=

=−+=+=

    The power density, , of the radiation on 
the foil can be expressed by 

D

( )12
af SN

P
S
PD ==

The same power density as a function of the 
power  radiated from the antenna, is given by 0P

( )13
4 2

0

r
P

D
π

=

where r is the distance between the antenna 
and the foil. Comparing equations (12) and 
(13), we get 
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           We can express the total mean number 
of collisions in each atom, , by means of 
the following equation 

1n

( )151 N
Nn

n collisionsphotonstotal=

Since in each collision is transferred a 
momentum λh to the atom, then the total 
momentum transferred to the foil will be 

( ) λhNnp 1=Δ . Therefore, in accordance 
with Eq. (1), we can write that 
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Since Eq. (11) gives ξnSNcollisions = , we get 
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Substitution of Eq. (17) into Eq. (16) yields 
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Substitution of Eq. (14) into Eq. (18) gives 
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Substitution of ( ) atomff nSN φ≅ and af SNS =    
into Eq. (19) it reduces to 
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In the case of a 20cm square Aluminum foil, 
with thickness mμξ 5.10= , we get 

kgmi
3

0 101.1 −×= , ,  

, , 

22104 mSf
−×= 21010 matom

−≅φ
22010 mSa

−≅ 328 /1002.6 matomsnn Al ×==
Substitution of these values into Eq. (20), 
gives 
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Thus, if the Aluminum foil is at a distance 
mr 1= from the antenna, and the power 

radiated from the antenna is WP 320 = , and 
the frequency of the radiation is GHzf 1=  
then Eq.(21) gives 
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In the case of the Aluminum foil and Ghz1  
radiation, Eq. (6) shows that 

m5
mod 106.1 −×=λ .  Thus, by substitution of 
λ  by modλ  into Eq. (22), we get the 
following expression 
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Since gmP g
rr

=  then the result is  

( ) ( ) ( ) ( )240 gmgmP AliAlgAl
rrr

−≅=
This means that, in the mentioned conditions, 
the weight force of the Aluminum foil is 
inverted.  
          It was shown [1] that there is an 
additional effect of Gravitational Shielding 
produced by a substance whose gravitational 
mass was reduced or made negative. This 
effect shows that just above the substance the 
gravity acceleration  will be reduced at the 
same ratio 

1g

01 ig mm=χ , i.e., gg 11 χ= , ( g  
is the gravity acceleration bellow the 
substance).  This means that above the 
Aluminum foil the gravity acceleration will 
be modified according to the following 
expression 

( )

( )
( )25

0
11 g

m
m

gg
Ali

Alg

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
== χ

where the factor ( ) ( )AliAlg mm 01 =χ will be 
given Eq. (21).  
          In order to check the theory presented 
here, we propose the experimental set-up 
shown in Fig. 3. The distance between the 
Aluminum foil and the antenna is mr 1= . 
The maximum output power of the  
transmitter is 32W CW. A 10g body  is 
placed above Aluminum foil , in order to 
check the Gravitational Shielding Effect. The 
distance between the Aluminum foil and the 
10g body is approximately 10 cm. The 
alternative device to measure the weight 
variations of the foil and the body (including 
the negative values) uses two balances (200g 
/ 0.01g) as shown in Fig .3.  

GHz1

          In order to check the effect of a second 
Gravitational Shielding above the first 
one(Aluminum foil), we can remove the 10g 
body, putting in its place a second Aluminum 
foil, with the same characteristics of the first 
one. The 10g body can be then placed at a 
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distance of 10cm above of the second 
Aluminum foil. Obviously, it must be 
connected to a third balance.  
          As shown in a previous paper [9] the 
gravity above the second Gravitational 
Shielding, in the case of 12 χχ = , is given by 

( )262
1122 ggg χχ ==

If a third Aluminum foil is placed above the 
second one, then the gravity above this foil is 

, and so on. gggg 3
1123233 χχχχχ ===

          In practice, Multiple Gravitational 
Shieldings can be constructed by inserting N 
several parallel Aluminum foils inside the 
dielectric of a parallel plate capacitor (See 
Fig. 4). In this case, the resultant capacity of 
the capacitor becomes NdSNCC frr 0εε== , 
where  is the area of the Aluminum foils 
and  the distance between them; 

fS
d rε  is the 

relative permeability of the dielectric. By 
applying a voltage  on the plates of the 
capacitor  a current  is produced through 
the Aluminum foils. It is expressed by 

rmsV

rmsi

rmsrCrmsrms VfCXVi π2== . 
          Since rmsrms Ej σ=  and frmsrms Sij =  we 
get σfrmsrms SiE = , which is the oscillating 
electric field through the Aluminum foils. By 
substituting this expression into Eq. (20), and 
considering that ( )2

1

4mod σμπλλ f==  (Eq.6) 
and cEnrPD rrmsr 0

22
0 24 μμπ == , where  

( )2
1

04 fn rr πεσμ=  (Eq. 4), we obtain: 

( )271
64

121 422222

4446

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−+−=

fSc
iSn

AlfAl

rmsatomaAl

σρπ
φ

χ

Since  
( ) rmsfrrmsrCrmsrms VNdSfVfCXVi 022 εεππ ===

Then

( ) ( )282 0 rmsfr
rms VNdS
f

i
εεπ=

Substitution of this equation into Eq. (27) gives 

( )291
4

121 44222

424
0

44462

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−+−=

dNc
VSSn

AlAl

rmsfratomaAl

σρ
εεφπ

χ

Substitution of the known value of 
, , 328 /1002.6 matomsnAl ×= matom

10101 −×≅φ

( )[ ] 2202
2

12
2

1 10124 mS atomatoma
−×≅== πφφπ , 

1.2=rε  (Teflon mmKV/24 , Short Time, 1.6 
mm [10]), , we get 3.2700 −= mkgAlρ

( )301104.1121
4

4

2
29

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟

⎠

⎞
⎜
⎝

⎛×+−= −

d
V

N
S rmsfχ

          Note that, based on the equation above, 
it is possible to create a device for moving 
very heavy loads such as large monoliths, for 
example.  
           Imagine a large monolith on the 
Earth’s surface. If we place below the 
monolith some sets with Multiple 
Gravitational Shieldings (See Fig.4), the 
value of the gravity acceleration above each 
set of Gravitational Shieldings  becomes 

( )31ggR
ηχ=

where η  is the number of Gravitational 
Shieldings in each set.  
      Since we must have mmKVdVrms /24<  
(dielectric strength of Teflon) [10] then, for 

KVVmmd rms 4.386.1 <→= . For KVrms 37V = , 
mmd 6.1= , ,  and 27.2 mS f = 2=N 3=η  Eq. 

(30) gives 36.0−=χ   and  Eq. (31) shows 
that . The sign (-) 
shows that the gravity acceleration above the 
six sets of Gravitational Shieldings becomes 
repulsive in respect to the Earth. Thus, by 
controlling the value of 

23 /46.0 smgg R −≅= χ

χ  it is possible to 
make the total mass of the monolith slightly 
negative in order to the monolith can float 
and, in this way, it can be displaced and 
carried to anywhere with ease.  
          Considering the dielectric strength of 
known dielectrics, we can write that 
( ) mmKVdVrms /200max < . Thus, for a single 
capacitor ( )1=N  Eq. (30) gives 

( )[ ]{ } ( )311102.2121 24 −×<<+−= fSχ

The Gravitational Shielding effect becomes 
negligible for 01.0<χ (variation smaller 
than 1% in the gravitational mass). Thus, 
considering Eq. (31), we can conclude that 
the Gravitational Shielding effect becomes 
significant only for 2210 mS f

−>> . Possibly 
this is why it was not yet detected.  
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Fig. 3 – Experimental Set-up 
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Fig. 4 – System with six sets of Gravitational Shieldings for moving very heavy loads. 
For KVVrms 37= , mmd 6.1= , 27.2 mS f = , 2=N  and 3=η  Eq. (30) gives 36.0−=χ   and  Eq. (31) 

shows that 23 /46.0 smggR −≅= χ . The sign (-) shows that the gravity acceleration above the six 
sets of Gravitational Shieldings becomes repulsive in respect to the Earth. Thus, by controlling the 
value of χ  it is possible to make the total mass of the monolith slightly negative in order to the 
monolith can float and, in this way, it can be displaced and carried to anywhere with ease.  
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It was observed that samples hung above a thermoionic current exhibit a weight decrease 
directly proportional to the intensity of the current. The observed phenomenon appears to be 
absolutely new and unprecedented in the literature and can not be understood in the 
framework of the general relativity.  It is pointed out the possibility that this unexpected effect 
is connected with a possible correlation between gravity and electromagnetism.  
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I. INTRODUCTION        
 
          It will be described an experiment 
in which there has been observed a 
strong decrease in the weight of samples 
hung above a thermoionic current 
produced inside a vacuum chamber. The 
percentage of weight decrease is the 
same for samples of different masses 
and chemical compositions. The effect 
does not seem to diminish with increases 
in elevation above the current. 
          This unexpected phenomenon 
appears to be unprecedented in the 
literature. On the other hand, the 
experiment is simple of being performed, 
and can be easily replicated. 
 
 II. EXPERIMENTAL 
                      
1. General description of the 

experimental set-up. 
 
          A Fe  sample (iron tube with 
1.103kg; outer diameter = 100mm; inner 
diameter = 80mm; height = 50mm) was 
placed inside a vacuum chamber (at 
0.001militorr) and   above   the oscillating 
thermoionic current ( )Hzf 60=  produced 
by the electrons flow from the cathode to 
plate as shown   in Fig.1. The distance 
between the cathode   and the   plate   is  

 
 
10mm (exactly the thickness of the iron 
tube above the current). The area of the 
plate is 
 

( )( ) 2310429030005002

2

mmm

blS plate

−×==

==

...π

π

 
The area of the cathode is  
 

( )( ) 2310567030004002

2

mmm

alScathode

−×==

==

...π

π

 
Therefore the average area is 

2310488 mS −×= . .  
          The cathode, the filament and the 
plate are made of tungsten.  
          Two piezoelectric sensors for force 
(S1,S2) are placed as shown in Fig.1, in 
order to measure the weight of the 
sample (tube) during the flow of 
thermoionic current. When the 
thermoionic current is null the sensor S1 
shows the normal weight of the sample. 
Note that there is a central disk inside 
the tube to support the sample. Above 
this disk (very close to the disk) it is the 
sensor S2.  The function of the sensor 
S2 is to measure the weight of the 



 2 
sample, in case this weight becomes 
negative (inversion).  
 
          2. Conductivity Measurements. 
 
          Atmospheric air conductivity is 
proportional to both the atmospheric ion 
concentration η , and the average 
mobility µ  of the air ion population. 
Molecular ions with µ > 0.5 cm2V-1s-1 
are conventionally defined as “small 
ions” [1]. The unipolar air conductivity 

airσ  can be written as 

( )1
11250

∫
∞

−−

=
sVcm

air de
.

µησ

where e  is the charge of the electron. 
Typical surface values of atmospheric air 
conductivity are 115101002 −−×− mS .  
[2,3].  
          The air conductivity between the 
cathode and the plate is much greater 
than these values due to the large 
concentration of free electrons. It can be 
evaluated by comparing the Gauss’ law 
( )0εφ qESE ==  with EJ σ= , i.e.,  

( ) ( )2
00 ε

σ
ε

σ
S

CV

S

q

S

i
J ===

hence 

( )30

CV

i
air

εσ =

 
where V  is the voltage from the anode 
(plate) to cathode and C  is the 
capacitance of the cylindrical capacitor          
(cathode/plate) given by  

( ) ( )4
2 0

ab

l
C

ln

πε
=

where a  and b  are the radii of the outer 
and central electrodes; l  is the height of 
the electrodes(cathode and plate). 
          Since the Langmuir-Child law 
states that the thermoionic current 
density  is given by  

( )510332
2

9

4
2

6
220

2
3

2
3

2
3

d

V

d

V

d

V

m

e
J

e

−×=== .αε

whereα  is the called Child’s constant. 
 

Then Eq.(3) gives 

( ) ( ) ( )6
2

2
1

2
0 V

ld

abS
JS

CVair











==

π
αεσ ln

As shown in Fig.1, mmb 50=  ; mma 40=  
and mml 30= ; 2310488 mS −×= . . Thus 
Eq. (6) gives 
 

( )710342 2
14Vair

−×= .σ
 
          3. Pressure, Temperature and 
Mass Density of the air. 
 
          The chamber was sealed and 
evacuated to about 0.001millitorr using a 
vacuum pump system (TP-70-2DR oil-
free system; wide range vacuum gauge: 
atmosphere to 10-8torr). 
          The cathode temperature reach 
~2000K at this temperature and 
0.001millitorr, the density of the air 
between the cathode and plate is 
 

( )81013 310 −−×≅ mKgair ..ρ
 
III. RESULTS 
 
          We have started with 
voltage VVrms 100=  at Hz60 . Next, the 
voltage was progressively increased to 

V200 , V300 , V400  and V500 . Table1 
presents the weight behavior of the 
sample measured by the sensors S1 and 
S2.  
 
IV. DISCUSSION 
 
          The weight behavior of our 
samples shows strong variations, which 
apparently can be explained as due to 
the thermoionic current, which flows from 
the cathode to plate. When this current is 
removed the effects disappear.  
          In a previous work [4] we have 
shown that when an alternating electric 
current passes through a substance its 
gravitational mass is reduced in 
accordance with the following expression 
 



 3 

( ) ( )9164121 342234
ig mfScim













 −+−= σρπµ

 
In this equation i refers to the 
instantaneous electric current† ; 0µµµ r=  
is the magnetic permeability of the 
substance; c is the speed of light; ρ , S 
and σ  are respectively the density 
(kg/m3), the area of the cross section 
(m2) and the electric conductivity (S/m) of 
the substance; mi is the inertial mass and 
f  the frequency of the electric current 
(Hz). 
          It was also shown that there is an 
additional effect of gravitational shielding 
produced by the substance under these 
conditions. Above the substance the 
gravity acceleration g ′  is reduced at the 
same ratio ig mm=χ , i.e., gg χ=′ . 

         If the substance is the air at very 
low pressure such as the air between the 
cathode and the plate of vacuum 
chamber presented in Fig.1, for example 
with the following characteristics:  
relative magnetic permeability= 1≅rµ ; 

electrical conductivity = 2
1410342 Vair

−×= .σ ; 

density= 3101013 −−×≅ mkgair ..ρ at 0.001millitorr 
and ~2000K. Then for Hzf 60=  and  (9) 
gives 
                                           
† It is known that the current is a spectrum in 
the Fourier domain. Here the spectrum has a 
D.C component, a 60Hz component, a 120Hz 
component, a 180Hz component, etc. The 
D.C component does not affect gm since the 

effect just occurs for oscillating currents [4]. 
On the other hand, the effect of the 120Hz 
component is negligible (in voltage range 
investigated) in respect to the 60Hz 
component since the factor 

( )σρπµ 342234 64 fSci  in Eq. (9) is 

(120/60)3= 8 times smaller than in the case of 
the 60Hz component. For the 180Hz 
component the factor is (180/60)3= 27  times 
smaller than in the case of the 60Hz 
component. Therefore here we will consider 
the 60Hz component only.  

( ) ( ) ( )10110264121 5516
airiairg mVm













 −×+−= − .

max.

 
Therefore, due to the gravitational 
shielding effect produced by the 
decreasing of ( )airgm , the gravity 

acceleration above the air between the 
cathode and the plate will be given by 
 

( )

( )

gV

g
m

m
gg

airi

airg













 −×+−=

===′

− 110264121 5516 .
max.

χ

 
Consequently, the weight of the 
sample, sP , will be given by 
 

( )11gmgmP isgss ′=′=
 
In the case of the Fe sample: 

Kgmis 1031.= . The weight of the sample, 
measured during the increase of voltage 
is presented on Table 1. The theoretical 
values, calculated by means of (10), are 
also on Table 1 to be compared with 
those supplied by the experiment.  
          Afterwards, the iron tube was 
replaced by similar tubes (same 
dimensions) with different masses and 
chemical compositions. The values of 
the gravity acceleration g ′  for these 
samples were the same.  
 
V. CONSEQUENCES 
  
          The experimental results point to 
the possibility of conversion of 
gravitational energy into mechanical 
energy and electrical energy. Consider 
for example the system presented in 
Fig.3 (a). Basically it is a motor with 
massive iron rotor and a gravity control 
cell. This cell is similar to the diode 
presented in Fig.1 (see Fig.3(b)), it is 
placed below the rotor in order to 
become negative the acceleration of 
gravity inside half of the rotor ( )ngg −=′ , 
as showed in Fig.3 (a). Obviously this 
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causes a torque ( )rFFT +′−=  and the 
rotor spins with angular velocityω . The 
average power, P , of the motor is given 
by 
 

( )[ ] ( )12ωω rFFTP +′−==
where 
 

gmF g ′=′
2
1 gmF g2

1=  

 
and ig mm ≅ (mass of the rotor). Thus, 

Eq. (12) gives 
 

( ) ( )13
2

1
rgm

nP i ω
+=

 
On the other hand, we have that 
 

( )142rgg ω=+′−
 
Therefore the angular speed of the rotor 
is given by 

( ) ( )15
1

r

gn +=ω

By substituting (15) into (13) we obtain 
the expression of the average power of 
the gravitational motor, i.e., 
 

( ) ( )161 33
2
1 rgnmP i +=

 
Now consider an electric generator 
coupling to the gravitational motor in 
order to produce electric energy. Since 

fπω 2=  then for Hzf 60=  we have 

rpmsrad 3600120 1 == −.πω . Therefore 

for 1120 −= srad .πω  and 788=n  
( )KVV 55.max ≅ ‡  the Eq. (15) tell us that 
we must have 
                                           
‡
 Note that, according to Eq.(9), this voltage 

can be strongly reduced by decreasing the 
density of the air,ρ , inside the gravity 
control cell. 
 

 
( )

m
gn

r 05450
1
2

.=+=
ω

 
Since 3Rr =  and hRmi

2ρπ=  where ρ , 
R  and  h  are respectively the mass 
density, the radius and the height of the 
rotor then for mh 01.=  and 

37800 −= mKg .ρ (iron) we obtain 
 

kgmi 1654.=  
 
Then Eq. (16) gives 
 

( )17521025 7 MWwattsP ≅×≅ .
 
This shows that the gravitational motor 
can be used to yield electric energy at 
large scale.  
 
VI.CONCLUSION 
 
          In the frequency investigated 
(60Hz), the weight of the samples 
decrease strongly with the increase of 
the intensity of the thermoionic current, 
and, as we have shown, the weight of 
the samples can even become negative 
(inversion).  
          The experimental observations 
described in this work are absolutely new 
and unprecedented. They tell us about a 
part of Gravitation Theory which is 
unknown. 
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Weight 

 

 
g’/g 

 

 
 
Vrms       
(V) 

 

 
 

Vmax 

(V) 
 

Exp 
(N) 

Theo 
(N) 

Exp 
 

Theo 
 

 
 
Sensor 

0 0 10.82 10.82 1 1 
100 141.42 10.60 10.71 0.98 0.99 
200 282.84 10.49 10.60 0.97 0.98 
300 424.26 9.30 9.52 0.86 0.88 
400 565.68 4.44 5.19 0.41 0.48 

 
 

S1 
 

500 707.11 -7.03 -4.98 -0.65 -0.46 S2 
                                                                         
 
Table 1 - Influence of thermoionic current (60Hz) on the weight of the sample. Experimental data 
are the average of 10  measurements. The  standard  deviation  of  the  single  data  is between 3 
and 5%. 
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Fig. 2- Distribution of the correlation     g'/g  as a function of   V max.
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It is shown that the gravity acceleration just above a chamber filled with gas or plasma at ultra-low 
pressure can be strongly reduced by applying an Extra Low-Frequency (ELF) electromagnetic field 
across the gas or the plasma. This Gravitational Shielding Effect is related to recent discovery of 
quantum correlation between gravitational mass and inertial mass.  According to the theory samples 
hung above the gas or the plasma should exhibit a weight decrease when the frequency of the 
electromagnetic field is decreased or when the intensity of the electromagnetic field is increased. This 
Gravitational Shielding Effect is unprecedented in the literature and can not be understood in the 
framework of the General Relativity. From the technical point of view, there are several applications for 
this discovery; possibly it will change the paradigms of energy generation, transportation and 
telecommunications.    
 
Key words: Phenomenology of quantum gravity, Experimental Tests of Gravitational Theories,   
Vacuum Chambers, Plasmas devices. PACs: 04.60.Bc, 04.80.Cc, 07.30.Kf, 52.75.-d. 
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I. INTRODUCTION        
         It will be shown that the local 
gravity acceleration can be controlled by 
means of a device called Gravity Control 
Cell (GCC) which is basically a recipient 
filled with gas or plasma where is applied 
an electromagnetic field. According to 
the theory samples hung above the gas 
or plasma should exhibit a weight 
decrease when the frequency of the 
electromagnetic field is decreased or 
when the intensity of the electromagnetic 
field is increased. The electrical 
conductivity and the density of the gas or 
plasma are also highly relevant in this 
process.  
          With a GCC it is possible to 
convert the gravitational energy into 
rotational mechanical energy by means 
of the Gravitational Motor. In addition, a 
new concept of spacecraft (the 
Gravitational Spacecraft) and aerospace 
flight is presented here based on the 
possibility of gravity control. We will also 
see that the gravity control will be very 
important to Telecommunication. 
 
 II. THEORY 
          It was shown [1] that the relativistic 
gravitational mass 221 cVmM gg −=  
and the relativistic inertial mass 

22
0 1 cVmM ii −=  are quantized, and 

given by  ,   

where  and  are respectively, the 
gravitational quantum number and the 
inertial quantum number ; 

 is the elementary 
quantum of inertial mass.  The masses 

 and   are correlated by means of 
the following expression:  
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Where pΔ  is the momentum variation on 
the particle and  is the inertial mass 
at rest.   

0im

 
         In general, the momentum variation 

pΔ  is expressed by tFp ΔΔ =  where  
is the   applied force   during a time 
interval

F

tΔ . Note that there is no 
restriction concerning the nature of the 
force , i.e., it can be mechanical, 
electromagnetic, etc. 

F

          For example, we can look on the 
momentum variation pΔ   as due to 
absorption or emission of electromagnetic 
energy by the particle.  
          In the case of   radiation, pΔ  can be 
obtained as follows: It is known that the 
radiation pressure, , upon an area dP

dxdydA =  of a volume dxdydzd =V  of 
a particle ( the incident radiation normal 
to the surface )is equal to the 
energy  absorbed per unit volume 

dA
dU

( )VddU .i.e.,  

( )2
dAdz
dU

dxdydz
dU

d
dUdP ===
V

 
Substitution of vdtdz =  ( v  is the speed 
of radiation) into the equation above 
gives 

( ) ( )3
v

dD
v
dAdtdU

d
dUdP ===
V

 
Since   dFdPdA =  we can write: 

( )4
v

dUdFdt=

However we know that dtdpdF= , then 

( )5
v

dUdp =

 From this equation it follows that  
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Substitution into Eq. (1) yields 
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WhereU , is the electromagnetic energy 
absorbed by the particle;   is the index 
of refraction. 

rn
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          Equation (6) can be rewritten in 
the following form 
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Where  VUW =  is the density of 
electromagnetic energy and V0im=ρ  
is the density of inertial mass. 
          The Eq. (7) is the expression of the 
quantum correlation between the  
gravitational mass and the  inertial mass 
as a function of the density of 
electromagnetic energy.  This is also the 
expression of correlation between 
gravitation and electromagnetism.  
          The density of electromagnetic 
energy in an electromagnetic field can be 
deduced from Maxwell’s equations [2] 
and has the following expression  

( )82
2
12

2
1 HEW με +=    

It is known that HB μ= , rkBE ω=  [3] 
and 

( )
( )9

11
2

2 ⎟
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⎛ ++

===

ωεσ
μεκ

ω

rrr

c
dt
dzv

Where    is     the    real part of the 
propagation vector 

rk
k
r

(also called phase 
constant [4]); ir ikkkk +==

r
 ; ε , μ and σ,   

are the electromagnetic characteristics of 
the medium in which the incident (or 
emitted) radiation is propagating   
( 0εεε r=  where rε  is the relative 
dielectric permittivity and  
;

mF/10854.8 12
0

−×=ε

0μμμ r=  where rμ  is the relative 
magnetic permeability and ; m/H7

0 104 −×= πμ
σ  is the electrical conductivity). It is 
known that for free-space 0=σ and 

1== rr με  then Eq. (9) gives 
( )10cv =

 From (9) we see that the index of 
refraction  vcnr =   will be given by 

( ) ( )1111
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Equation (9) shows that vr =κω . Thus, 
vkBE r == ω , i.e., HvvBE μ== . 

Then, Eq. (8) can be rewritten in the 
following form: 
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2
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For ωεσ << , Eq. (9) reduces to 
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Then, Eq. (12) gives 
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This equation can be rewritten in the 
following forms: 
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( )152EW ε=

For ωεσ >> , Eq. (9) gives 
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Then, from Eq. (12) we get 

( )17

2

2
2
1

2
2
122

2
12

2
1

H

HHHHW

μ

μμ
σ
ωεμμμ

μσ
ωε

≅

≅+⎟
⎠
⎞

⎜
⎝
⎛=+⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

Since HvvBE μ== , we can rewrite (17) 
in the following forms: 
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By comparing equations (14) (15) (18) 
and (19) we see that Eq. (19) shows that 
the better way to obtain a strong value of 

 in practice is by applying an Extra 
Low-Frequency (ELF) electric field 
W

( )Hzfw 12 <<= π  through a mean with 
high electrical conductivity.  
          Substitution of Eq. (19) into Eq. 
(7), gives 
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This equation shows clearly that if an 
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electrical conductor mean has 

 and31 −<< mKg.ρ 1>>σ , then it is 
possible obtain strong changes in its 
gravitational mass, with a relatively small 
ELF electric field. An electrical conductor 
mean with  is obviously a 
plasma.  

31 −<< mKg.ρ

          There is a very simple way to test 
Eq. (20). It is known that inside a 
fluorescent lamp lit there is low-pressure 
Mercury    plasma.   Consider    a     20W  
T-12 fluorescent lamp (80044– 
F20T12/C50/ECO GE, Ecolux® T12), 
whose characteristics and dimensions 
are well-known [5]. At around 

, an optimum mercury 
vapor pressure of  
is obtained, which is required for 
maintenance of high luminous efficacy 
throughout life. Under these conditions, 
the mass density of the Hg plasma can 
be calculated by means of the well-
known Equation of State 

KT 015318.≅
23 80106 −− =×= mNTorrP ..

( )210

ZRT
PM

=ρ

Where   is the 
molecular mass of the Hg; 

1
0 20060 −= molkgM ..

1≅Z  is the 
compressibility factor for the Hg plasma; 

 is the gases 
universal constant. Thus we get 

1013148 −−= KmoljouleR ...

( )22100676 35 −−×≅ mkgplasmaHg ..ρ
The electrical conductivity of the Hg 
plasma can be deduced from the   
continuum form of Ohm's Law Ej

rr
σ= , 

since the operating current through the 
lamp and the current density are well-
known and respectively given by 

 [Ai 350.= 5] and 2
4 intφπiSijlamp == , where 

mm136.int =φ   is the inner diameter of the 
lamp. The voltage drop across the 
electrodes of the lamp is  [V57 5] and the 
distance between them l . Then 
the electrical field along the lamp  is 

given by 

( )234193 1−== mS
E
j

lamp

lamp
plasmaHg ..σ

Substitution of (22) and (23) into (20) 
yields 
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Thus, if an Extra Low-Frequency electric 
field  with the following 
characteristics:  and 

ELFE
1100 −≈ mVEELF .

mHZf 1<  is applied through the 
Mercury plasma then a strong decrease 
in the gravitational mass of the Hg 
plasma will be produced.  
          It was shown [1] that there is an 
additional effect of gravitational shielding 
produced by a substance under these 
conditions. Above the substance the 
gravity acceleration  is reduced at the 
same ratio

1g

0ig mm=χ , i.e., , 
(

gg χ=1

g is the gravity acceleration  under the 
substance). Therefore, due to the 
gravitational shielding effect produced by 
the decrease of )  in the region 

where the ELF electric field  is 
applied, the gravity acceleration just 
above this region will be given by  

( plasmaHggm
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          The trajectories of the 
electrons/ions through the lamp are 
determined by the electric field along 
the lamp. If the ELF electric field across 
the lamp  is much greater than , 
the current through the lamp can be 
interrupted.  However, if

lampE

ELFE lampE

lampELF EE << , these 
trajectories will be only slightly modified.  
Since here , then we can 

arbitrarily choose .  This 
means that the maximum voltage drop, 
which can be applied across the metallic 

1100 −= mVElamp .
133 −≅ mVEELF .max

mm570=
lampE

1100570057 −== mVmVElamp .. . 
Thus, we have 
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= φ

plates, placed at distance d , is equal to 
the outer diameter (max *) of the 
bulb  of the 20W T-12 Fluorescent 
lamp, is given by   

max
lampφ

VEV lampELF 51.maxmax
max ≅

Since [mmlamp 340.max =φ 5].      

          Substitution of  into 
(25) yields  

133 −≅ mVEELF .max
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Note that, for , the 
gravity acceleration can be strongly 
reduced.  These conclusions show that 
the ELF Voltage Source of the set-up 
shown in Fig.1 should have the following 
characteristics: 

HzmHzf 3101 −=<

 
 - Voltage range: 0 – 1.5 V 
 - Frequency range: 10-4Hz – 10-3Hz 
  
          In the experimental arrangement 
shown in Fig.1, an ELF electric field with 
intensity dVEELF =  crosses the 
fluorescent lamp; V  is the voltage drop 
across the metallic plates of the 
capacitor and .  
When the ELF electric field is applied, 
the gravity acceleration just above the 
lamp (inside the dotted box) decreases 
according to (25) and the changes can 
be measured by means of the system 
balance/sphere presented on the top of 
Figure 1.  

mmd lamp 340.max == φ

          In Fig. 2 is presented an 
experimental arrangement with two 
fluorescent lamps in order to test the 
gravity acceleration above the second 
lamp. Since gravity acceleration above 
the first lamp is given by 

( gg plasmaHg )
rr

11 χ= , where  

                                           
* After heating.  
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Then, above the second lamp, the 
gravity acceleration becomes  
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Then, results 
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From Eq. (28), we then conclude that if 

( ) 01 <plasmaHgχ  and also ( ) 02 <plasmaHgχ , 

then  will have the same direction 
of . This way it is possible to intensify 
several times the gravity in the direction 
of

2g
g

gr . On the other hand, if ( ) 01 <plasmaHgχ  

and ( ) 02 >plasmaHgχ  the direction of 2gr  will 
be contrary to direction of . In this case 
will be possible to intensify and 
become

gr

2gr  repulsive in respect to gr .  
          If we put a lamp above the second 
lamp, the gravity acceleration above the 
third lamp becomes  

( )
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( ) ( ) ( )

.2sin814.24
3.40sin

0

0

321

ftV
mmtV

VEEE ELFELFELF

π
ω

φ

=
==

====

 

Then, for 4Tt =  we get 
( ) ( ) ( ) 0321 81424 VEEE ELFELFELF .=== . 

Thus, Eq. (32) gives 
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For  and  VV 510 .= mHzf 20.=

( )20.83min12504 === sTt  the gravity 
acceleration  above the third lamp will 
be given by 

3gr

gg rr 12653 .−=
Above the second lamp, the gravity 
acceleration given by (30), is  

gg rr 2.9722 +=    . 
According to (27) the gravity acceleration 
above the first lamp is 

gg rr -1,7241 =
Note that, by this process an 
acceleration  can be increased several 
times in the direction of  or in the 
opposite direction.  

gr

gr

          In the experiment proposed in Fig. 
1, we can start with ELF voltage 
sinusoidal wave of amplitude VV 010 .=  
and frequency . Next, the frequency 
will be progressively decreased down 
to , ,  and 

. Afterwards, the amplitude of the 
voltage wave must be increased to 

and the frequency decreased 
in the above mentioned sequence.                        

mHz1

mHz80. mHz60. mHz40.
mHz20.

VV 510 .=

          Table1 presents the theoretical 
values for  and , calculated 
respectively by means of (25) and 
(30).They are also plotted on Figures 5, 
6 and 7 as a function of the 
frequency .  

1g 2g

ELFf
          Now consider a chamber filled 
with Air at  and 300K as 
shown in Figure 8 (a). Under these 
circumstances, the mass density of the 
air inside the chamber, according to Eq. 
(21) is .  

torr12103 −×

31510944 −−×≅ mkgair ..ρ
          If the frequency of the magnetic 
field, B , through the air is  then 

. Assuming that 
the electric conductivity of the air inside 
the chamber,

Hzf 60=

mSf /91032 −×≅= επωε

( )airσ  is much less thanωε , 
i.e., ( ) ωεσ <<air  (The atmospheric air 
conductivity is of the order of 

 [115101002 −−×− mS . 6, 7]) then we can 
rewritten the Eq. (11) as follows 
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From Eqs. (7), (14) and (34) we thus 
obtain 
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Therefore, due to the gravitational 
shielding effect produced by the 
decreasing of , the gravity 
acceleration above the air inside the 
chamber will be given by 

( )airgm

( )

( )

[ ]{ }gB

g
m
m

gg
airi

airg
air

11023121 46 −×+−=

===′

.
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         Note that the gravity acceleration 
above the air becomes negative 
for .  TB 21052 −×> .
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          For  the gravity 
acceleration above the air becomes 

TB 10.=

  
gg 832.−≅′  

 
Therefore the ultra-low pressure air 
inside the chamber, such as the Hg 
plasma inside the fluorescent lamp, 
works like a Gravitational Shield that in 
practice, may be used to build  Gravity 
Control Cells (GCC) for several practical 
applications.  
          Consider for example the GCCs of 
Plasma presented in Fig.3. The 
ionization of the plasma can be made of 
several manners. For example, by 
means of an electric field between the 
electrodes (Fig. 3(a)) or by means of a 
RF signal (Fig. 3(b)).  In the first case the 
ELF electric field and the ionizing electric 
field can be the same.  
          Figure 3(c) shows a GCC filled 
with air (at ambient temperature and 1 
atm) strongly ionized by means of alpha 
particles emitted from 36 radioactive ions 
sources (a very small quantity of 
Americium 241†). The radioactive 
element Americium has a half-life of 432 
years, and emits alpha particles and low 
energy gamma rays ( )KeV60≈ . In order 
to shield the alpha particles and gamma 
rays emitted from the Americium 241 it is 
sufficient to encapsulate the GCC with 
epoxy. The alpha particles generated by 
the americium ionize the oxygen and 
                                           
† The radioactive element Americium (Am-241) is 
widely used in ionization smoke detectors. This 
type of smoke detector is more common because 
it is inexpensive and better at detecting the 
smaller amounts of smoke produced by flaming 
fires. Inside an ionization detector there is a small 
amount (perhaps 1/5000th of a gram) of 
americium-241. The Americium is present in 
oxide form (AmO2) in the detector. The cost of 
the AmO2 is US$ 1,500 per gram. The amount of 
radiation in a smoke detector is extremely small. 
It is also predominantly alpha radiation. Alpha 
radiation cannot penetrate a sheet of paper, and 
it is blocked by several centimeters of air. The 
americium in the smoke detector could only pose 
a danger if inhaled.  
 

nitrogen atoms of the air in the 
ionization chamber (See Fig. 3(c)) 
increasing the electrical conductivity of 
the air inside the chamber. The high-
speed alpha particles hit molecules in 
the air and knock off electrons to form 
ions, according to the following 
expressions 
 

++−+++

++−+++

++→+

++→+

ee

ee

HeNHN

HeOHO

22

22  

 
          It is known that the electrical 
conductivity is proportional to both the 
concentration and the mobility of the ions 
and the free electrons, and is expressed 
by 

iiee μρμρσ +=  
Where eρ  and iρ  express respectively 
the concentrations ( )3mC  of electrons 
and ions; eμ and iμ are respectively the 
mobilities of the electrons and the ions.  
          In order to calculate the electrical 
conductivity of the air inside the 
ionization chamber, we first need to 
calculate the concentrations eρ  and iρ .  
We start calculating the disintegration 
constant,λ , for the Am 241 : 

( )
111

7 1015
10153432

69306930
2
1

−−×=
×

== s
sT

.
.
..λ

Where yearsT 4322
1

=  is the half-life of 
the Am 241. 
          One  of an isotope has mass 
equal to atomic mass of the isotope 
expressed in kilograms. Therefore, of 
Am 241 has 

kmole

g1

kmoles
kmolekg
kg 6

3

10154
241

10 −
−

×= .  

One  of any isotope contains the 
Avogadro’s number of atoms. Therefore 

of Am 241 has 

kmole

g1
 

atomskmoleatoms
kmolesN

2126

6

10502100256
10154

×=××

××= −

..
.

 
Thus, the activity [8] of the sample is 
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 disintegrations/s.  111031 ×== .NR λ
 
However, we will use 36 ionization 
sources each one with 1/5000th of a 
gram of Am 241. Therefore we will only 
use of Am 241. Thus, g31027 −×. R  
reduces to: 
 
      disintegrations/s 910≅= NR λ
  
This means that at one second, about 

 hit molecules in the air 
and knock off electrons to form ions 

and inside the ionization chamber. 
Assuming that each alpha particle yields 
one ion at each 

particlesα910

+
2O +

2N

9101 second then the 
total number of ions produced in one 
second will be ionsNi

1810≅ . This 
corresponds to an ions concentration 

( )310 mCeN ii V.V ≈=ρ  
Where V  is the volume of the ionization 
chamber. Obviously, the concentration of 
electrons will be the same, i.e., ie ρρ = . 
For  and cmd 2= cm20=φ  (See Fig.3(c)) 
we obtain 

( ) ( ) 3422
4 10286102200 m−− ×=×= ..V π The

n we get:  
 

3210 mCie ≈= ρρ  
 
This corresponds to the minimum 
concentration level in the case of   
conducting materials. For these 
materials, at temperature of 300K, the 
mobilities eμ  and iμ  vary from 10  up 
to  [112100 −− sVm 9]. Then we can assume 
that . (minimum 
mobility level for conducting materials). 
Under these conditions, the electrical 
conductivity of the air inside the 
ionization chamber is 

11210 −−≈= sVmie μμ

 
1310 −≈+= mSiieeair .μρμρσ  

 
      At temperature of 300K, the air 
density inside the GCC, is 

. Thus, for 314521 −= mkgair ..ρ cmd 2= , 
 and  Eq. (20) 

gives 

1310 −≈ mSair .σ Hzf 60=

( )

( )

[ ]{ }110103121

1
44

121

416

24

43

2

−×+−=

=
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−=

==

−
rms

air

rmsair

airi

airg
air

V

d
V

fc

m
m

.

ρπ
σμ

χ

 

Note that, for KVVrms 967.≅ , we obtain: 

( ) 0≅airχ . Therefore, if the voltages 
range of this GCC is:  then it is 
possible to reach

KV100 −
1−≅airχ  when 

KVVrms 10≅ .  
          It is interesting to note that airσ can 
be strongly increased by increasing the 
amount of Am 241. For example, by 
using of Am 241 the value of g10. R  
increases to: 
 
      disintegrations/s 1010≅= NR λ
 
This means ionsNi

2010≅   that yield 

( )310 mCeN ii VV ≈=ρ
Then, by reducing,  and d φ  
respectively, to 5mm and  to 11.5cm, the 
volume of the ionization chamber 
reduces to: 

( ) ( ) 3532
4 101951051150 m−− ×=×= ..V π

Consequently, we get:  
 

3510 mCie ≈= ρρ  
 
Assuming that ,  
then the electrical conductivity of the air 
inside the ionization chamber becomes 

11210 −−≈= sVmie μμ

 
1610 −≈+= mSiieeair .μρμρσ  

 
This reduces for  the voltage 
necessary to yield 

VVrms 818.≅

( ) 0≅airχ  and reduces 
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to  the voltage necessary to 
reach

VVrms 523.≅
1−≅airχ .  

          If the outer surface of a metallic 
sphere with radius  is covered with a 
radioactive element (for example Am 
241), then the electrical conductivity of 
the air (very close to the sphere) can be 
strongly increased (for example up 
to ). By applying a low-
frequency electrical potential  to the 
sphere, in order to produce an electric 
field  starting from the outer surface 
of the sphere, then very close to the 
sphere the low-frequency electromagnetic 
field is 

a

1610 −≅ msair .σ

rmsV

rmsE

aVE rmsrms = , and according to 
Eq. (20), the gravitational mass of the air 
in this region expressed by 

( ) ( )airi
air

rmsair
airg m

a
V

fc
m 024

43

2
0 1

44
121

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−=

ρπ
σμ , 

can be easily reduced, making possible 
to produce a controlled Gravitational 
Shielding (similar to a GCC) surround 
the sphere.  
          This becomes possible to build a 
spacecraft to work with a gravitational 
shielding as shown in Fig. 4.  
           The gravity accelerations on the 
spacecraft (due to the rest of the 
Universe. See Fig.4) is given by 
 
           iairi gg χ=′         i = 1, 2, 3 … n 
 
Where ( ) ( )airiairgair mm 0=χ . Thus, the 
gravitational forces acting on the 
spacecraft are given by 
 

( )iairgigis gMgMF χ=′=  
 
By reducing the value of airχ , these 
forces can be reduced.           
          According to the Mach’s principle; 
 
    “The local inertial forces are 
determined by the gravitational 
interactions of the local system with the 
distribution of the cosmic masses”.  

Thus, the local inertia is just the 
gravitational influence of the rest of 
matter existing in the Universe. 
Consequently, if we reduce the 
gravitational interactions between a 
spacecraft and the rest of the Universe, 
then the inertial properties of the 
spacecraft will be also reduced. This 
effect leads to a new concept of 
spacecraft and space flight.  
          Since airχ  is given by 
 

( )

( ) ⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−== 1

44
121 24

43

2
0

0 air

rmsair

airi

airg
air a

V
fcm

m
ρπ

σμχ  

 
Then, for , , 1610 −≅ msair .σ Hzf 6= ma 5= , 

 and  we get 31 −≅ mKgair .ρ KVVrms 353.=
 

0≅airχ
 
Under these conditions, the gravitational 
forces upon the spacecraft become 
approximately nulls and consequently, 
the spacecraft practically loses its inertial 
properties.  
          Out of the terrestrial atmosphere, 
the gravity acceleration upon the 
spacecraft is negligible and therefore the 
gravitational shielding is not necessary. 
However, if the spacecraft is in the outer 
space and we want to use the 
gravitational shielding then, airχ must be 
replaced by vacχ  where 
  

( )

( ) ⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−== 1

44
121 24

43

2
0

0 vac

rmsvac

vaci

vacg
vac a

V
fcm

m
ρπ

σμ
χ

 
          The electrical conductivity of the 
ionized outer space (very close to the 
spacecraft) is small; however, its density 
is remarkably small ( )31610 −−<< mKg. , in 
such a manner that the smaller value of 
the factor 23

vacvac ρσ  can be easily 
compensated by the increase of .  rmsV
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          It was shown that, when the 
gravitational mass of a particle is 
reduced to ranging between  
to , it becomes imaginary [

iM1590.+

iM1590.− 1], 
i.e., the gravitational and the inertial 
masses of the particle become 
imaginary. Consequently, the particle 
disappears from our ordinary space-time. 
However, the factor 

( ) ( )imaginaryiimaginaryg MM=χ  remains real 
because 

( )

( )
real

M
M

iM
iM

M
M

i

g

i

g

imaginaryi

imaginaryg ====χ

Thus, if the gravitational mass of the 
particle is reduced by means of 
absorption of an amount of 
electromagnetic energy U , for example, 
we have 

( )
⎭
⎬
⎫

⎩
⎨
⎧

⎥⎦
⎤

⎢⎣
⎡ −+−== 1121

22
0cmU

M
M

i
i

gχ

 This shows that the energyU of the 
electromagnetic field remains acting on 
the imaginary particle. In practice, this 
means that electromagnetic fields act on 
imaginary particles. Therefore, the 
electromagnetic field of a GCC remains 
acting on the particles inside the GCC 
even when their gravitational masses 
reach the gravitational mass ranging 
between  to −  and 
they become imaginary particles. This is 
very important because it means that the 
GCCs of a gravitational spacecraft keep 
on working when the spacecraft 
becomes imaginary. 

iM1590.+ iM1590.

)

          Under these conditions, the gravity 
accelerations on the imaginary 
spacecraft particle (due to the rest of the 
imaginary Universe) are given by  
 

.,...,,, njgg jj 321==′ χ
 
Where ( ) (imaginaryiimaginaryg MM=χ   

and ( )
2
jimaginarygjj rGmg −= .  Thus, the 

gravitational forces acting on the 
spacecraft are given by 

( )

( ) ( )( )
( ) .22

2

jgjgjgjg

jimaginarygjimaginaryg

jimaginaryggj

rmGMriGmiM

rGmM

gMF

χχ

χ

+=−=

=−=

=′=

Note that these forces are real. Remind 
that, the Mach’s principle says that the 
inertial effects upon a particle are 
consequence of the gravitational 
interaction of the particle with the rest of 
the Universe. Then we can conclude that 
the inertial forces upon an imaginary 
spacecraft are also real. Consequently, it 
can travel in the imaginary space-time 
using its thrusters. 
          It was shown that, imaginary 
particles can have infinite speed in the 
imaginary space-time [1] . Therefore, this 
is also the speed upper limit for the 
spacecraft in the imaginary space-time.  
          Since the gravitational spacecraft 
can use its thrusters after to becoming 
an imaginary body, then if the thrusters 
produce a total thrust  and 
the gravitational mass of the spacecraft 
is reduced from  down 

to , the acceleration of the 

spacecraft will be, 

kNF 1000=

kgMM ig
510==

kgM g
610−≅

21210 −≅= smMFa g . . 
With this acceleration the spacecraft 
crosses the “visible” Universe 
( ) in a time interval mddiameter 2610≈=

monthssmadt 5510412 17 ... ≅×≅=Δ −           
Since the inertial effects upon the 
spacecraft are reduced by 

1110−≅ig MM  then, in spite of the 
effective spacecraft acceleration be 

, the effects for the crew 
and for the spacecraft will be equivalent 
to an acceleration given by 

11210 −= sma .

a′
110 −≈=′ sma

M
M

a
i

g .

This is the order of magnitude of the 
acceleration upon of a commercial jet 
aircraft. 
          On the other hand, the travel in the 
imaginary space-time can be very safe, 
because there won’t any material body 
along the trajectory of the spacecraft. 
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          Now consider the GCCs presented 
in Fig. 8 (a). Note that below and above 
the air are the bottom and the top of the 
chamber. Therefore the choice of the 
material of the chamber is highly 
relevant. If the chamber is made of steel, 
for example, and the gravity acceleration 
below the chamber is  then at the 
bottom of the chamber, the gravity 
becomes

g

gg steelχ=′ ; in the air, the 
gravity is ggg steelairair χχχ =′=′′  . At the top 

of the chamber, . 
Thus, out of the chamber (close to the 
top) the gravity acceleration becomes 

. (See Fig. 8 (a)). However, for the 
steel at and , we 
have  

( ) ggg airsteelsteel χχχ 2=′′=′′′

g ′′′

TB 300< Hzf 6101 −×=

( )

( )

( )

( )
11

4
121

22

4

≅
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−+−==

cf

B
m
m

steel

steel

steeli

steelg
steel μρπ

σ
χ

Since ,161011 −×= mSsteel ..ρ 300=rμ  and 

.  ( )
37800 −= mksteel .ρ

          Thus, due to 1≅steelχ  it follows 
that     

gggg airair χχ ≅′=′′≅′′′
           If instead of one GCC we have 
three GCC, all with steel box (Fig. 8(b)), 
then the gravity acceleration above the 
second GCC, will be given by 2g

ggg airairair χχχ ≅≅ 12

and the gravity acceleration above the 
third GCC, will be expressed by 3g

ggg airair
3

3 χχ ≅′′≅
 
 
III. CONSEQUENCES 
  
          These results point to the 
possibility to convert gravitational energy 
into rotational mechanical energy. 
Consider for example the system 
presented in Fig. 9. Basically it is a motor 
with massive iron rotor and a box filled 
with gas or plasma at ultra-low pressure 
(Gravity Control Cell-GCC) as shown in 
Fig. 9. The GCC is placed below the 

rotor in order to become negative the 
acceleration of gravity inside half of the 
rotor ( )( )ngggg airairsteel −=≅=′ χχχ 2 . 
Obviously this causes a torque 

( )rFFT +′−=  and the rotor spins with 
angular velocityω . The average 
power, , of the motor is given by P
 

( )[ ] ( )36ωω rFFTP +′−==
Where 
 

gmF g ′=′ 2
1 gmF g2

1=  
 
and ig mm ≅ ( mass of the rotor ). Thus, 
Eq. (36) gives 

( ) ( )37
2

1
rgm

nP i ω
+=

On the other hand, we have that 
( )382rgg ω=+′−

Therefore the angular speed of the rotor 
is given by 

( ) ( )391
r

gn +
=ω

 
By substituting (39) into (37) we obtain 
the expression of the average power of 
the gravitational motor, i.e., 

( ) ( )401 33
2
1 rgnmP i +=

Now consider an electric generator 
coupling to the gravitational motor in 
order to produce electric energy.   
          Since fπω 2=  then for Hzf 60=    
we have .   rpmsrad 3600120 1 == −.πω
          Therefore for  and 1120 −= srad .πω

788=n  ( )TB 220.≅   the Eq. (40) tell us 
that we must have  

( ) mgnr 054501
2 .=

+
=

ω
Since 3Rr =  and  where hRmi

2ρπ= ρ , 
R     and     are respectively the mass 
density, the radius and the height of the  

h

rotor then for  and 
(iron) we obtain  

mh 50.=
37800 −= mKg .ρ

 
kgmi 05327.=  
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Then Eq. (40) gives 

( )4129421910192 5 HPKWwattsP ≅≅×≅ .
This shows that the gravitational motor 
can be used to yield electric energy at 
large scale.  
          The possibility of gravity control 
leads to a new concept of spacecraft 
which is presented in Fig. 10. Due to the 
Meissner effect, the magnetic field B is 
expelled from the superconducting shell. 
The Eq. (35) shows that a magnetic 
field, B , through the aluminum shell of 
the spacecraft reduces its gravitational 
mass according to the following 
expression: 

( )
( )

( ) ( ) ( )421121
2

2

2

AliAlr
Al

Alg mn
c
Bm

⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
+−=

ρμ

If the frequency of the magnetic field is 
 then we have that Hzf 410−=

( ) ωεσ >>Al  since the electric 
conductivity of the aluminum 
is . In this case, the 
Eq. (11) tell us that  

( )
1710823 −×= mSAl ..σ

( )
( ) ( )43

4

2

f
c

n Al
Alr π

σμ
=

Substitution of (43) into (42) yields 

( )
( )

( )
( ) ( )441

4
121 22

4

Ali
Al

Al
Alg m

cf
B

m
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−+−=

μρπ
σ

Since the mass density of the Aluminum 
is then the Eq. (44) 
can be rewritten in the following form: 

( )
32700 −= mkgAl .ρ

( )

( )
[{ ( )45110683121 48 −×+−== − B

m
m

Ali

Alg
Al .χ ]}

In practice it is possible to adjust in 
order to become, for example, 

. This occurs to . 
(Novel superconducting magnets are 
able to produce up to  [

B

910−≅Alχ TB 376.≅

T.714 10, 11]). 
          Then the gravity acceleration in 
any direction inside the spacecraft, , 
will be reduced and given by 

lg ′

( )

( )
nlggg

m
m

g llAll
Ali

Alg
l ,..,,2110 9 =−≅==′ −χ

Where is the external gravity in the 
direction . We thus conclude that the 
gravity acceleration inside the spacecraft 
becomes negligible if . 
This means that the aluminum shell, 
under these conditions, works like a 
gravity shielding. 

lg
l

2910 −<< smgl .

          Consequently, the gravitational 
forces between anyone point inside the 
spacecraft with gravitational mass, , 
and another external to the spacecraft 
(gravitational mass ) are given by 

gjm

gkm

μ̂2
jk

gkgj
kj r

mm
GFF −=−=

rr
 

where ikgk mm ≅  and ijAlgj mm χ= . 
Therefore we can rewrite equation above 
in the following form 

μχ ˆ
2
jk

ikij
Alkj r

mm
GFF −=−=

rr

Note that when  the initial 
gravitational forces are 

0=B

μ̂2
jk

ikij
kj r

mm
GFF −=−=

rr

Thus, if  then the initial 
gravitational forces are reduced from 10

910−−≅Alχ
9 

times and become repulsives. 
          According to the new expression 
for the inertial forces [1], amF g

rr
= , we 

see  that these forces have origin in the 
gravitational interaction between a 
particle and the others of the Universe, 
just as  Mach’s principle predicts. Hence 
mentioned expression incorporates the 
Mach’s principle into Gravitation Theory, 
and furthermore reveals that the inertial 
effects upon a body can be strongly 
reduced by means of the decreasing of 
its gravitational mass.  
          Consequently, we conclude that if 
the gravitational forces upon the 
spacecraft are reduced from 109 times 
then also the inertial forces upon the 
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spacecraft will be reduced from 109 times 
when . Under these 
conditions, the inertial effects on the 
crew would be strongly decreased. 
Obviously this leads to a new concept of 
aerospace flight. 

910−−≅Alχ

          Inside the spacecraft the 
gravitational forces between the 
dielectric with gravitational mass,  
and the man   (gravitational mass, ),  
when  are 

gM

gm
0=B

( )462 μ̂
r

mM
GFF gg

Mm −=−=
rr

or 

( )472 μμ ˆˆ Mgg
g

m gmm
r

M
GF −=−=

r

( )48
2

μμ ˆˆ mgg
g

M gMM
r
m

GF +=+=
r

If the superconducting box under  
(Fig. 10) is filled with air at ultra-low 
pressure (3×10

gM

-12 torr, 300K for example) 
then, when , the gravitational mass 
of the air will be reduced according to 
(35). Consequently, we have 

0≠B

( ) ( )492
MairMairsteelM ggg χχχ ≅=′

( ) ( )502
mairmairsteelm ggg χχχ ≅=′

Then the forces mF
r

and become MF
r

( ) ( )51μχ ˆMairgm gmF −=
r

( ) ( )52μχ ˆmairgM gMF +=
r

Therefore if nair −=χ  we will have 
( )53μ̂Mgm gnmF +=

r

( )54μ̂mgM gnMF −=
r

Thus, mF
r

and become repulsive. 
Consequently, the man inside the 
spacecraft is subjected to a gravity 
acceleration given by 

MF
r

( )55
2
μχμ ˆˆ

r
M

Gnga g
airMman −==

r

Inside the GCC we have,  

( )

( )

( )

( )
( )561

4
121 22

4

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−+−==

cf
B

m
m

air

air

airi

airg
air μρπ

σ
χ

By ionizing the air inside the GCC              
(Fig. 10), for example, by means of a 

radioactive material, it is possible to 
increase the air conductivity inside the 
GCC up to . Then 

for ;  
(Air at 3 ×10

( )
1610 −≅ mSair .σ

Hzf 10= ( )
31510944 −−×= mkgair ..ρ

-12 torr, 300K) and we obtain 
[ ]{ } ( )5711108212 421 −−×+= Bair .χ

For TBB GCC 10.==  (note that,   due    to 
 the Meissner effect, the magnetic field 

 stay confined inside the 
superconducting box) the Eq. (57) yields 

GCCB

 
910−≅airχ

 
                   Since there is no magnetic 
field through the dielectric presented in 
Fig.10 then, i . Therefore if g MM ≅

KgMM ig 100=≅  and  the 
gravity acceleration upon the man, 
according to Eq. (55), is 

mrr 10 ≅=

110 −≅ smaman .
Consequently it is easy to see that this 
system is ideal to yield artificial gravity 
inside the spacecraft in the case of inter-
stellar travel, when the gravity 
acceleration out of the spacecraft - due 
to the Universe - becomes negligible.  
          The vertical displacement of the 
spacecraft can be produced by means of 
Gravitational Thrusters. A schematic 
diagram of a Gravitational Thruster is 
shown in Fig.11. The Gravitational 
Thrusters can also provide the horizontal 
displacement of the spacecraft.  
          The concept of Gravitational 
Thruster results from the theory of the 
Gravity Control Battery, showed in Fig. 8 
(b). Note that the number of GCC 
increases the thrust of the thruster. For 
example, if the thruster has three GCCs 
then the gravity acceleration upon the 
gas sprayed inside the thruster will be 
repulsive in respect to (See Fig. 
11(a)) and given by  

gM

( ) ( ) ( ) 2
0

343

r

M
Gga g

airsteelairgas χχχ −≅=

Thus, if inside the GCCs,    910−≅airχ
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(See Eq. 56 and 57) then the equation 
above gives 

2
0

2710
r
M

Ga i
gas +≅

For ,  and  
the thrust is   

kgMi 10≅ mr 10 ≅ kgmgas
1210−≅

NamF gasgas
510≅=

Thus, the Gravitational Thrusters are 
able to produce strong thrusts. 
          Note that in the case of very 
strong airχ , for example , the 
gravity accelerations upon the boxes of 
the second and third GCCs become very 
strong (Fig.11 (a)). Obviously, the walls 
of the mentioned boxes cannot to stand 
the enormous pressures. However, it is 
possible to build a similar system with 3 
or more GCCs, without material boxes. 
Consider for example, a surface with 
several radioactive sources (Am-241, for 
example). The alpha particles emitted 
from the Am-241 cannot reach besides 
10cm of air. Due to the trajectory of the 
alpha particles, three or more successive 
layers of air, with different electrical 
conductivities

910−≅airχ

1σ , 2σ  and 3σ , will be 
established in the ionized region (See 
Fig.11 (b)). It is easy to see that the 
gravitational shielding effect produced by 
these three layers is similar to the effect 
produced by the 3 GCCs shown in Fig. 
11 (a).  
          It is important to note that if  is 
force produced by a thruster then the 
spacecraft acquires acceleration 

 given by [

F

spacecrafta 1] 

( ) ( ) ( )AliinsideiAlspacecraftg
spacecraft mM

F
M

Fa
+

==
χ

 

Therefore if ;  
and (inertial mass of the 
aluminum shell) then it will be necessary 

 to produce 

910−≅Alχ ( ) KgM insidei
410=

( ) Kgm Ali 100=

kNF 10=
2100 −= smaspacecraft .

Note that the concept of Gravitational 
Thrusters leads directly to the 
Gravitational Turbo Motor concept (See 
Fig. 12). 

          Let us now calculate the 
gravitational forces between two very 
close thin layers of the air around the 
spacecraft. (See Fig. 13).  
          The gravitational force that 

 exerts upon , and the 
gravitational force  that  exerts 
upon   are given by 

12dF
1gdm 2gdm

21dF 2gdm

1gdm

( )58
2

12
2112 μ̂

r

dmdm
GFdFd gg−==

rr

Thus, the gravitational forces between 
the air layer 1, gravitational mass , 
and the air layer 2, gravitational mass 

, around  the spacecraft  are  

1gm

2gm

( )59
2

21
2

21

0 0 2122112
1 2

μχχμ

μ

ˆˆ

ˆ

r
mm

G
r

mm
G

dmdm
r
GFF

ii
airair

gg

m m

gg
g g

−=−=

=−=−= ∫ ∫
rr

 At 100km altitude the air pressure is 

torr3106915 −×.  and [( )
36109985 −−×= mkgair ..ρ 12].  

By ionizing the air surround the 
spacecraft, for example, by means of an 
oscillating electric field, , starting 
from the surface of the spacecraft ( See 
Fig. 13) it is possible to increase the air 
conductivity near the spacecraft up to 

 . Since  and, in 
this case 

oscE

( )
1610 −≅ mSair .σ Hzf 1=

( ) ωεσ >>air ,  then, according to 

Eq. (11), ( ) fcn airr πμσ 42= . From 
Eq.(56) we thus obtain 
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Then for TB 763=  the Eq. (60) gives 
 

[ ]{ } ( )6110110121 844 −≅−+−= Bair ~χ  
 
By substitution of  into Eq., 
(59) we get 

810−≅airχ

( )6210 2
2116

2112 μ̂
r
mm

GFF ii−=−=
rr
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If , and   

   we obtain  

kgmm airairii
8

2121 10−≅≅=≅ VV ρρ

mr 310−=
( )6310 4

2112 NFF −−≅−=
rr

 
These forces are much more intense 
than the inter-atomic forces (the forces 
which maintain joined atoms, and 
molecules that make the solids and 
liquids) whose intensities, according to 
the Coulomb’s law, is of the order of             
1-1000×10-8N. 
          Consequently, the air around the 
spacecraft will be strongly compressed 
upon their surface, making an “air shell” 
that will accompany the spacecraft 
during its displacement and will protect 
the aluminum shell of the direct attrition 
with the Earth’s atmosphere. 
          In this way, during the flight, the 
attrition would occur just between the “air 
shell” and the atmospheric air around 
her. Thus, the spacecraft would stay free 
of the thermal effects that would be 
produced by the direct attrition of the 
aluminum shell with the Earth’s 
atmosphere. 
         Another interesting effect produced 
by the magnetic field  B   of the 
spacecraft is the possibility of to lift a 
body from the surface of the Earth to the 
spacecraft as shown in Fig. 14. By 
ionizing the air surround the spacecraft, 
by means of an oscillating electric field, 

, the air conductivity near the 
spacecraft can reach, for example, 

. Then for 

oscE

( )
1610 −≅ mSair .σ Hzf 1= ; 

 and  (300K and 
1 atm) the Eq. (56) yields 

TB 840.= ( )
321 −≅ mkgair ..ρ

 

1011094121 47 .. −≅
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⎩⎨
⎧

⎥⎦
⎤

⎢⎣
⎡ −×+−= − Bairχ

 
Thus, the weight of the body becomes 

( ) ( ) ( )gmgmgmP bodyibodyiairbodygbody ′=== χ
Consequently, the body will be lifted on 
the direction of the spacecraft with 
acceleration 

1980 −+≅=′ smgg air ..χ
         Let us now consider an important 

aspect of the flight dynamics of a 
Gravitational Spacecraft. 
           Before starting the flight, the 
gravitational mass of the spacecraft, , 
must be strongly reduced, by means of a 
gravity control system, in order to 
produce – with a weak thrust , a strong 
acceleration, 

gM

F
r

ar , given by [1] 

gM
Fa
r

r
=  

In this way, the spacecraft could be 
strongly accelerated and quickly to reach 
very high speeds near speed of light.   
          If the gravity control system of the 
spacecraft is suddenly turned off, the 
gravitational mass of the spacecraft 
becomes immediately equal to its inertial 
mass, , iM ( )ig MM =′  and the velocity  

V
r

 becomes equal to V ′
r

. According to 
the Momentum Conservation Principle, 
we have that  

VMVM gg ′′=  
          Supposing that the spacecraft was 
traveling in space with speed cV ≈ , and 
that its gravitational mass it was 

KgMg 1=  and  then the 
velocity of the spacecraft is reduced to  

KgM i
410=

cV
M
M

V
M
M

V
i

g

g

g 410−≈=
′

=′  

Initially, when the velocity of the 
spacecraft is V

r
, its kinetic energy is 

( ) 2cmME ggk −= .  Where 221 cVmM gg −= .  
At the instant in which the gravity control 
system of the spacecraft is turned off, 
the kinetic energy becomes 

( ) 2cmME ggk ′−′=′ . Where 221 cVmM gg ′−′=′ . 
      We can rewritten the expressions of 

and kE kE′  in the following form 

( )
V
cVmVME ggk

2

−=

( )
V
cVmVME ggk ′

′′−′′=′
2

Substitution of pVMVM gg =′′= , 
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221 cVpVmg −=  and 221 cVpVmg ′−=′′  into 

the equations of  and  gives  kE kE′

( )
V
pccVEk

2
2211 −−=

( )
V
pccVEk ′

′−−=′
2

2211

Since  then follows that cV ≈
 

pcEk ≈  
 
On the other hand, since  we get  cV <<′

( )

pc
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...

Therefore we conclude that kk EE ′>> . 
Consequently, when the gravity control 
system of the spacecraft is turned off, 
occurs an abrupt decrease in the kinetic 
energy of the spacecraft, , given by kEΔ
  

JcMpcEEE gkkk
172 10≈≈≈′−=Δ  

 
By comparing the energy  with the 
inertial energy of the spacecraft, 

, we conclude that 

kEΔ

2cME ii =

2410 cME
M
M

E ii
i

g
k

−≈≈Δ

The energy  (several megatons) 
must be released in very short time 
interval. It is approximately the same 
amount of energy that would be released 
in the case of collision of the spacecraft

kEΔ

‡. 
However, the situation is very different of 
a collision (  just becomes suddenly 
equal to ), and possibly the energy 

 is converted into a High Power 
Electromagnetic Pulse.  

gM

iM

kEΔ

                                           
‡ In this case, the collision of the spacecraft would 
release ≈1017J (several megatons) and it would be 
similar to a powerful kinetic weapon. 

         Obviously this electromagnetic 
pulse (EMP) will induce heavy currents 
in all electronic equipment that mainly 
contains semiconducting and conducting 
materials. This produces immense heat 
that melts the circuitry inside. As such, 
while not being directly responsible for 
the loss of lives, these EMP are capable 
of disabling electric/electronic systems. 
Therefore, we possibly have a new type 
of electromagnetic bomb. An 
electromagnetic bomb or E-bomb is a 
well-known weapon designed to disable 
electric/electronic systems on a wide 
scale with an intense electromagnetic 
pulse.    
          Based on the theory of the GCC it 
is also possible to build a Gravitational 
Press of ultra-high pressure as shown in 
Fig.15.   
          The chamber 1 and 2 are GCCs 
with air at 1×10-4torr, 300K 

( ) ( )( )3816 10510 −−− ×=≈ mkgmS airair .;. ρσ .
Thus, for Hzf 10= and  we 
have 

TB 1070.=
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          The gravity acceleration above the 
air of the chamber 1 is  

( )6410151 3
1 μμχχ ˆ.ˆ ×+≅= gg airstell
r

Since, in this case, 1≅steelχ ;  μ̂  is an 
unitary vector in the opposite direction of 
gr . 
          Above the air of the chamber 2 the 
gravity acceleration becomes 
 

( ) ( ) ( )651041 522
2 μμχχ ˆ.ˆ ×−≅= gg airstell
r

           
Therefore the resultant force R

r
 acting on 

,  and  is 2m 1m m
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( )661041

819101511041
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m

mmm

×−≅
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where 

( )67

−≅steelρ

inn
2910 φ≅

4
2

22 ⎟
⎠
⎞

⎜
⎝
⎛== HVm innsteeldisksteel φπρρ

Thus, for we can write 
that  

3410 mkg .

HF2  
 
For the steel  
consequently we must have 

2925 1010 −− =≅ mkgcmkg ..τ

29
2 10 −< mkgSF .τ HS inn( πφτ = see Fig.15). 

This means that 
29

2910 −10< mkg
Hinn .

φ
Hinnπφ

Then we conclude that 
minn 13.<φ  

For minn 2=φ  and  the Eq. (67) gives mH 1=
kgm 4

2 103×≅

2410 mS −=

 Therefore from the Eq. (66) we obtain 
NR 1010≅  

Consequently, in the area  of 
the Gravitational Press, the pressure is 

          The GCCs can also be applied 
on generation and detection of 
Gravitational Radiation.             
          Consider a cylindrical GCC (GCC 
antenna) as shown in Fig.16 (a). The 
gravitational mass of the air inside the 
GCC is 

( )
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By varying B  one can varies  and 
consequently to vary the gravitational 
field generated by , producing then 
gravitational radiation. Then a GCC can 
work like a Gravitational Antenna. 

( )airgm

( )airgm

          Apparently, Newton’s theory of 
gravity had no gravitational waves 
because, if a gravitational field changed 
in some way, that change took place 
instantaneously everywhere in space, 
and one can think that there is not a 
wave in this case. However, we have 
already seen that the gravitational 
interaction can be repulsive, besides 
attractive. Thus, as with electromagnetic 
interaction, the gravitational interaction 
must be produced by the exchange of 
"virtual" quanta of spin 1 and mass null, 
i.e., the gravitational "virtual" quanta 
(graviphoton) must have spin 1 and not 
2. Consequently, the fact of a change in 
a gravitational field reach 
instantaneously everywhere in space 
occurs simply due to the speed of the 
graviphoton to be infinite. It is known that 
there is no speed limit for “virtual” 
photons. On the contrary, the 
electromagnetic quanta (“virtual” 
photons) could not communicate the 
electromagnetic interaction an infinite 
distance.  

2−

211106173 −× mN ..

1410≅= mN
S
Rp .

          This enormous pressure is much 
greater than the pressure in the center of 
the Earth ( ) [13]. It is 
near of the gas pressure in the center of 
the sun ( ). Under the action 
of such intensities new states of matter 
are created and astrophysical 
phenomena may be simulated in the lab 
for the first time, e.g. supernova 
explosions. Controlled thermonuclear 
fusion by inertial confinement, fast 
nuclear ignition for energy gain, novel 
collective acceleration schemes of 
particles and the numerous variants of 
material processing constitute examples 
of progressive applications of such 
Gravitational Press of ultra-high 
pressure.      

216102 −× mN .

          Thus, there are two types of 
gravitational radiation: the real and 
virtual, which is constituted of 
graviphotons; the real gravitational 
waves are ripples in the space-time 
generated by gravitational field changes. 
According to Einstein’s theory of gravity 
the velocity of propagation of these 
waves is equal to the speed of light (c).   
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          Unlike the electromagnetic waves the 
real gravitational waves have low interaction 
with matter and consequently low scattering. 
Therefore real gravitational waves are 
suitable as a means of transmitting 
information. However, when the distance 
between transmitter   and   receiver    is too 
large, for example of the order of magnitude 
of several light-years, the transmission of 
information by means of gravitational waves 
becomes impracticable due to the long time 
necessary to receive the information. On the 
other hand, there is no delay during the 
transmissions by means of virtual 
gravitational radiation. In addition the   
scattering of this radiation is null. Therefore 
the virtual gravitational radiation is very 
suitable as a means of transmitting 
information at any distances including 
astronomical distances.            
                 As concerns detection of the 
virtual gravitational radiation from GCC 
antenna, there are many options. Due to 
Resonance Principle a similar GCC antenna 
(receiver) tuned at the same frequency can 
absorb energy from an incident virtual 
gravitational radiation (See Fig.16 (b)). 
Consequently, the gravitational mass of the 
air inside the GCC receiver will vary such as 
the gravitational mass of the air inside the 
GCC transmitter. This will induce a magnetic 
field similar to the magnetic field of the GCC 
transmitter and therefore the current through 
the coil inside the GCC receiver will have the 
same characteristics of the current through 
the coil inside the GCC transmitter. 
However, the volume and pressure of the air 
inside the two GCCs must be exactly the 
same; also the type and the quantity of 
atoms in the air inside the two GCCs must 
be exactly the same. Thus, the GCC 
antennas are simple but they are not easy to 
build. 
          Note that a GCC antenna radiates 
graviphotons and gravitational waves 
simultaneously (Fig. 16 (a)). Thus, it is    not 
only   a   gravitational antenna: it is a 
Quantum Gravitational Antenna because it 
can also emit and detect gravitational 
"virtual" quanta (graviphotons), which, in 
turn, can transmit information 
instantaneously from any distance in the 
Universe without scattering.  
          Due to the difficulty to build two similar 
GCC antennas and, considering that the 
electric current in the receiver antenna can 

be detectable even if the gravitational 
mass of the nuclei of the antennas are not 
strongly reduced, then we propose to 
replace the gas at the nuclei of the antennas 
by a thin dielectric lamina. The dielectric 
lamina with exactly 108 atoms (103atoms × 
103atoms × 102atoms) is placed between the 
plates (electrodes) as shown in Fig. 17. 
When the virtual gravitational radiation 
strikes upon the dielectric lamina, its 
gravitational mass varies similarly to the 
gravitational mass of the dielectric lamina of 
the transmitter antenna, inducing an 
electromagnetic field ( ,E B ) similar to the 
transmitter antenna. Thus, the electric 
current in the receiver antenna will have the 
same characteristics of the current in the 
transmitter antenna. In this way, it is then 
possible to build two similar antennas whose 
nuclei have the same volumes and the same 
types and quantities of atoms.  
          Note that the Quantum Gravitational 
Antennas can also be used to transmit 
electric power. It is easy to see that the 
Transmitter and Receiver (Fig. 17(a)) can 
work with strong voltages and electric 
currents. This means that strong electric 
power can be transmitted among Quantum 
Gravitational Antennas. This obviously 
solves the problem of wireless electric power 
transmission. 
        The existence of imaginary masses has 
been predicted in a previous work [1]. Here 
we will propose a method and a device using 
GCCs for obtaining images of imaginary 
bodies.   
          It was shown that the inertial 
imaginary mass associated to an electron is 
given by 

( ) ( ) ( )69
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Assuming that the correlation between the 
gravitational mass and the inertial mass 
(Eq.6) is the same for both imaginary and 
real masses then follows that the 
gravitational imaginary mass associated to 
an electron can be written in the following 
form: 
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Thus, the gravitational imaginary mass 
associated to matter can be reduced, made 
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negative and increased, just as the 
gravitational real mass. 
          It was shown that also photons have 
imaginary mass. Therefore, the imaginary 
mass can be associated or not to the matter.                                 
          In a general way, the gravitational 
forces between two gravitational imaginary 
masses are then given by 

( )( )
( )71ˆˆ

22
μμ

r

mM
G

r

imiM
GFF gggg +=−=−=

rr
 

Note that these forces are real and 
repulsive. 
          Now consider a gravitational 
imaginary mass, ( ) gimag imm = , not associated 
with matter (like the gravitational imaginary 
mass associated to the photons) and 
another gravitational imaginary mass 

 associated to a material 
body. 

( ) gimag iMM =

          Any material body has an imaginary 
mass associated to it, due to the existence 
of imaginary masses associated to the 
electrons. We will choose a quartz crystal 
(for the material body with gravitational 
imaginary mass ) because 
quartz crystals are widely used to detect 
forces (piezoelectric effect).  

( ) gimag iMM =

          By using GCCs as shown in Fig. 18(b) 
and Fig.18(c), we can increase the 
gravitational acceleration, , produced by 
the imaginary mass  upon the crystals. 
Then it becomes 

ar

gim

( )72
2

3

r

m
Ga g

airχ−=

As we have seen, the value of airχ  can be 

increased up to (See Eq.57).  
Note that in this case, the gravitational 
forces become attractive. In addition, if  
is not small, the gravitational forces between 
the imaginary body of mass and the 
crystals can become sufficiently intense to 
be easily detectable. 

910−≅airχ

gm

gim

          Due to the piezoelectric effect, the 
gravitational force acting on the crystal will 
produce a voltage proportional to its 
intensity. Then consider a board with 
hundreds micro-crystals behind a set of 
GCCs, as shown in Fig.18(c). By amplifying 
the voltages generated in each micro-crystal 
and sending to an appropriated data 
acquisition system, it will be thus possible to 

obtain an image of the imaginary body of 
mass  placed in front of the board.  ( )imagm
          In order to decrease strongly the 
gravitational effects produced by bodies 
placed behind the imaginary body of mass 

, one can put five GCCs making a 
Gravitational Shielding as shown in 
Fig.18(c).  If the GCCs are filled with air at 
300Kand

gim

torr12103 −× .Then   

and 1.  Thus, for  and 

31510944 −−×= mkgair ..ρ
14101 −−×≅ mSair .σ Hzf 60=

TB 70.≅  the Eq. (56) gives 
( )

( )
( )731015121 24 −−≅
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airi

airg
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For the gravitational shielding 
presented in Fig.18(c) will reduce any value 
of 

210−≅airχ

g  to .  This will be 
sufficiently to reduce strongly the 
gravitational effects proceeding from both 
sides of the gravitational shielding.   

ggair
105 10−≅χ

          Another important consequence of the 
correlation between gravitational mass and 
inertial mass expressed by Eq. (1) is the 
possibility of building Energy Shieldings 
around objects in order to protect them from 
high-energy particles and ultra-intense fluxes 
of radiation.  
          In order to explain that possibility, we 
start from the new expression [1] for the 
momentum  of a particle with gravitational 
mass  and velocityV , which is given by   

q

gM
( )74VMq g=

where 221 cVmM gg −=  and  [ig mm χ= 1].  
Thus, we can write 

( )75
11 2222 cV

m

cV

m ig

−
=

−

χ

 
Therefore, we get 

( )76ig MM χ=
It is known from the Relativistic Mechanics 
that  

( )772c
UVq =

where  is the total energy of the particle. 
This expression is valid for any velocity V of 
the particle, including . 

U

cV =
          By comparing Eq. (77) with Eq. (74) 
we obtain 
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( )782cMU g=  

It is a well-known experimental fact that 
( )792 hfcM i =

Therefore, by substituting Eq. (79) and Eq. 
(76) into Eq. (74), gives 

( )80
λ

χ h
c
Vq =

Note that this expression is valid for any 
velocity of the particle. In the particular 
case of , it reduces to  

V
cV =

( )81
λ

χ hq =

 
By comparing Eq. (80) with Eq. (77), we 
obtain 

( )82hfU χ=
 
Note that only for 1=χ the Eq. (81) and Eq. 
(82) are reduced to the well=known 
expressions of DeBroglie ( )λhq =  and 
Einstein .  ( )hfU =
          Equations (80) and (82) show for 
example, that any real particle (material 
particles, real photons, etc) that penetrates a 
region (with density ρ  and electrical 
conductivityσ ), where there is an ELF 
electric field E , will have its momentum  
and its energy U  reduced by the factor

q
χ , 

given by  
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          The remaining amount of momentum 
and energy, respectively given by 

( )
λ

χ h
c
V
⎟
⎠
⎞

⎜
⎝
⎛−1  and ( , are 

transferred to the imaginary particle 
associated to the real particle

) hfχ−1

§ (material 
particles or real photons) that penetrated the 
mentioned region.  
          It was previously shown that, when the 
gravitational mass of a particle is reduced to 
ranging between  to , 
i.e., when 

iM1590.+ iM1590.−
159.0<χ , it becomes imaginary 

[1], i.e., the gravitational and the inertial 
masses of the particle become imaginary. 
Consequently, the particle disappears from 
                                           
§ As previously shown, there are imaginary particles 
associated to each real particle [1].   

our ordinary space-time. It goes to the 
Imaginary Universe. On the other hand, 
when the gravitational mass of the particle 
becomes greater than , or less 
than  

iM1590.+

iM1590.− , i.e., when 159.0>χ , the 
particle return to our Universe.  
          Figure 19 (a) clarifies the 
phenomenon of reduction of the momentum 
for 159.0>χ , and Figure 19 (b) shows the 
effect in the case of 159.0<χ . In this case, 
the particles become imaginary and 
consequently, they go to the imaginary 
space-time when they penetrate the electric 
field E .  However, the electric field E  stays 
at the real space-time. Consequently, the 
particles return immediately to the real 
space-time in order to return soon after to 
the imaginary space-time, due to the action 
of the electric field E . Since the particles are 
moving at a direction, they appear and 
disappear while they are crossing the region, 
up to collide with the plate (See Fig.19) with 

a momentum, 
λ

χ h
c
Vq m ⎟
⎠
⎞

⎜
⎝
⎛= , in the case 

of the material particle, and 
λ

χ hqr =   in the 

case of the photon.  Note that by 
making 0≅χ , it is possible to block high-
energy particles and ultra-intense fluxes of 
radiation. These Energy Shieldings can be 
built around objects in order to protect them 
from such particles and radiation.  
          It is also important to note that the 
gravity control process described here points 
to the possibility of obtaining Controlled 
Nuclear Fusion by means of increasing of 
the intensity of the gravitational interaction 
between the nuclei. When the gravitational 
forces 2rmGmF ggG ′=  become greater than 

the electrical forces 2
04 rqqFE πε′=  

between the nuclei, then nuclear fusion 
reactions can occur.   
          Note that, according to Eq. (83), the 
gravitational mass can be strongly 
increased. Thus, if tEE m ωsin= , then the 

average value for 2E  is equal to 2
2

1
mE , 

because E  varies sinusoidaly ( is the 
maximum value for

mE
E ). On the other hand, 

2mrms EE = . Consequently, we can replace 
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4E  for . In addition, as 4

rmsE Ej σ=  (Ohm's 
vectorial Law), then Eq. (83) can be rewritten 
as follows 
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where and2710758.1 −×=K 2jjrms = .           
      Thus, the gravitational force equation 
can be expressed by 
 

( )851121 2
00

2

32

4

2
00

22

rmGm
f

jK

rmGmrmGmF

ii
rmsr

iiggG

′
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−+−=

=′=′=

σρ
μ

χ

 
In order to obtain we must have  EG FF >

( )86
4

1121
00

0
32

4

ii

rmsr

mGm
qq

f

j
K

′
′

>
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−+−

πε

σρ

μ

          The carbon fusion is a set of nuclear 
fusion reactions that take place in massive 
stars (at least at birth). It requires high 

temperatures ( ) and densities 
( ). The principal reactions are: 

sunM8

K8105×>
39 .103 −×> mkg

                           23Na + p + 2.24 MeV 
 
 12C + 12C →      20Ne + α + 4.62 MeV 
 
                           24Mg + γ +13.93 MeV 
In the case of Carbon nuclei (12C) of a thin 
carbon wire ( ; ) 
Eq. (86) becomes 

14 .104 −×≅ mSσ 13 .102.2 −×= mSρ
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whence we conclude that the condition for 
the 12C + 12C  fusion reactions occur is  

( )87107.1 4
3

18 fjrms ×>
If the electric current through the carbon wire 
has Extremely-Low Frequency (ELF), for 
example, if Hzf μ1= , then the current 
density, , must have the following value: rmsj

( )88.104.5 213 −×> mAjrms

Since Sij rmsrms =  where 42πφ=S is the 
area of the cross section of the wire, we can 
conclude that, for an ultra-thin carbon wire 

with mμ10 -diameter, it is necessary that 
the current through the wire, , have the 
following intensity 

rmsi

 
Akirms 24.4>

 
Obviously, this current will explode the 
carbon wire. However, this explosion 
becomes negligible in comparison with the 
very strong gravitational implosion, which 
occurs simultaneously due to the enormous 
increase in intensities of the gravitational 
forces among the carbon nuclei produced by 
means of the ELF current through the 
carbon wire as predicted by Eq. (85). Since, 
in this case, the gravitational forces among 
the carbon nuclei become greater than the 
repulsive electric forces among them the 
result is the production of 12C + 12C fusion 
reactions.  
          Similar reactions can occur by using a 
lithium wire. In addition, it is important to 
note that  is directly proportional 

to

rmsj

4
3

f (Eq. 87). Thus, for example, 

if , the current necessary to 
produce the nuclear reactions will be 

Hzf 810−=

Airms 130= .  
 
 
 IV.CONCLUSION 
 
        The process described here is clearly 
the better way in order to control the gravity. 
This is because the Gravity Control Cell in 
this case is very easy to be built, the cost is 
low and it works at ambient temperature. 
The Gravity Control is the starting point for 
the generation of and detection of Virtual 
Gravitational Radiation (Quantum 
Gravitational Transceiver) also for the 
construction of the Gravitational Motor and 
the Gravitational Spacecraft which includes 
the system for generation of artificial gravity 
presented in Fig.10 and the Gravitational 
Thruster (Fig.11).  While the Gravitational 
Transceiver leads to a new concept in 
Telecommunication, the Gravitational Motor 
changes the paradigm of energy conversion 
and the Gravitational Spacecraft points to a 
new concept in aerospace flight.  
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Fig. 1 – Gravitational Shielding Effect by means of an ELF electric field through  
              low- pressure Hg Plasma. 
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Fig. 2 – Gravity acceleration above a second fluorescent lamp. 
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 Fig. 3 – Schematic diagram of Gravity Control Cells (GCCs). 
(a) GCC where the ELF electric field and the ionizing electric field can be the same. (b) GCC
where the plasma is ionized by means of a RF signal. (c) GCC filled with air (at ambient 
temperature and 1 atm) strongly ionized by means of alpha particles emitted from radioactive
ions sources (Am 241, half-life 432 years). Since the electrical conductivity of the ionized air 
depends on the amount of ions then it can be strongly increased by increasing the amount of Am
241 in the GCC. This GCC has 36 radioactive ions sources each one with 1/5000th of gram of 
Am 241, conveniently positioned around the ionization chamber, in order to 
obtain 1310 −≅ mSair .σ . 
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Fig. 4 – Gravitational Shielding surround a Spherical Spacecraft. 
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Gravitational Shielding 
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          The gravity accelerations on the spacecraft (due to the rest of the Universe) can be controlled by 
means of the gravitational shielding, i.e., 
                                   g’i = χair gi     i = 1, 2, 3 … n 
Thus,  
                                  Fis= Fsi = Mg g’i = Mg (χair gi) 
Then the inertial forces acting on the spacecraft (s) can be strongly reduced. According to the Mach’s 
principle this effect can reduce the inertial properties of the spacecraft and consequently, leads to a new 
concept of spacecraft and aerospace flight.  

Erms (low frequency) 

g = G mg / r2

g’ = χair g 
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t = T /4 g1 / g  g2 / g  V = V0 
(Volts) (s) ( min) 

EELF (1) 
(V/m) 

fELF (1) 
(mHz) Exp. Teo. 

EELF (2) 
(V/m) 

fELF (2) 
(mHz)  Exp.  Teo.  

250 4.17 24.81 1 - 0.993 24.81 1 - 0.986 
312.5 5.21 24.81 0.8 - 0.986 24.81 0.8 - 0.972 
416.6 6.94 24.81 0.6 - 0.967 24.81 0.6 - 0.935 
625 10.42 24.81 0.4 - 0.890 24.81 0.4 - 0.792 

 
 
1.0 V 

1250 20.83 24.81 0.2 - 0.240 24.81 0.2 - 0.058 
250 4.17 37.22 1 - 0.964 37.22 1 - 0.929 

312.5 5.21 37.22 0.8 - 0.930 37.22 0.8 - 0.865 
416.6 6.94 37.22 0.6 - 0.837 37.22 0.6 - 0.700 
625 10.42 37.22 0.4 - 0,492 37.22 0.4 - 0.242 

 
 

1.5V 

1250 20.83 37.22 0.2 - -1,724 37.22 0.2 - 2.972 
 
 
 

Table 1 – Theoretical Results.  
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Fig. 5- Distribution of the correlation  g1/ g  as a function of  f ELF 
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Fig. 6- Distribution of the correlation  g2 / g  as a function of f ELF 
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Fig. 7- Distribution of the correlations  gi / g  as a function of  f ELF 
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Fig. 8 – (a) Gravity Control Cell (GCC) filled with air at ultra-low pressure.     
             (b) Gravity Control Battery (Note that if 11
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Fig. 9 – The Gravitational Motor 
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Fig. 10 – The Gravitational Spacecraft – Due to the Meissner effect, the magnetic field 
B is expelled from the superconducting shell.  Similarly, the magnetic field BGCC, of the 

GCC stay confined inside the superconducting box.  
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Fig. 11 – The Gravitational Thruster .   
(a) Using material boxes.  (b) Without material boxes 
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Fig. 12 - The Gravitational Turbo Motor – The gravitationally accelerated gas, by 
means of the GCCs, propels the helix which movies the motor axis. 

 
 
 
 
 
  
 
 
 
 
 



 35

r 

dmg2 

dmg1 

dF12 
dF21 Air Layer 2Air Layer 1 

 
 

Fig. 13 – Gravitational forces between two layers of the “air shell”. The electric field Eosc 
provides the ionization of the air. 
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Fig. 14 – The Gravitational Lifter  
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Fig. 15 – Gravitational Press  
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Fig. 16 - Transmitter and Receiver of Virtual Gravitational Radiation.                         
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                                                    (a) 
 * There are a type of neutrino, called "ghost” neutrino, predicted by General Relativity, with zero mass
and zero momentum. In spite its momentum be zero, it is known that there are wave functions that 
describe these neutrinos and that prove that really they exist.  

   

                                                    (b) 
ig. 19 – The phenomenon of reduction of the momentum. (a) Shows the reduction o

  

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
  
F f 
momentum for 159.0>χ . (b) Shows the effect when 159.0<χ . Note that in both cases, the 

material particles collide with the cowl with the momentum ( )( )λχ hcVq m = ,  and the 

photons with
λ

χ hqr =  . Therefore, that by making 0≅χ , it is possible to block high-energy 

particles and ultra-intense fluxes of radiation. 
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APPENDIX A: THE SIMPLEST METHOD TO CONTROL THE GRAVITY
  
          In this Appendix we show the simplest 
method to control the gravity.  
          Consider a body with mass density ρ  and 

the following electric characteristics: rμ , rε ,σ  
(relative permeability, relative permittivity and  
electric conductivity, respectively). Through this 
body, passes an electric current I , which is the 
sum of a sinusoidal current tiiosc ωsin0= and 

the DC current , i.e., DCI tiII DC ωsin0+=  

; fπω 2= . If  then . Thus, the 

current 
DCIi <<0 DCII ≅

I  varies with the frequency , but the 
variation of its intensity is quite small in 
comparison with , i.e., 

f

DCI I  will be practically 
constant (Fig. 1A). This is of fundamental 
importance for maintaining the value of the 
gravitational mass of the body, , sufficiently 
stable during all the time.  

gm

          The gravitational mass of the body is given 
by [1] 
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whereU , is the electromagnetic energy 
absorbed by the body and  is the index of 
refraction of the body.   

rn

 Equation (A1) can also be rewritten in the 
following form 
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where,  VUW =  is the density of 

electromagnetic energy and V0im=ρ  is the 
density of inertial mass. 
          The instantaneous values of the density of 
electromagnetic energy in an electromagnetic 
field can be deduced from Maxwell’s equations 
and has the following expression  
 

( )32
2
12

2
1 AHEW με +=

 
where tEE m ωsin= and tHH ωsin=  are the 
instantaneous values of the electric field and the 
magnetic field respectively. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. A1 - The electric current I  varies with
frequency f . But the variation of  

 
I  is quite small 

in comparison with DCI  due to DCo Ii << . In this 
way, we can consider DCII ≅ . 

t 

IDC 

I = IDC + iosc 

i0 

          
It is known that HB μ= , rkBE ω=  [11] and 
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where    is     the    real part of the propagation 

vector 
rk
k
r

(also called phase constant ); 

ir ikkkk +==
r

 ; ε , μ and σ,   are the 

electromagnetic characteristics of the medium in 
which the incident (or emitted) radiation is 
propagating( 0εεε r= ;   

;

mF /10854.8 12
0

−×=ε

0μμμ r=  where ). It is 
known that for free-space 

m/H7
0 104 −×= πμ

0=σ and 1== rr με . Then Eq. (A4) gives 
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From (A4), we see that the index of refraction  

vcnr =   is given by 
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          Equation (A4) shows that vr =κω . 

Thus, vkBE r == ω , i.e.,  

( )6AHvvBE μ==
Then, Eq. (A3) can be rewritten in the following 
form: 
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For ωεσ << , Eq. (A4) reduces to 
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Then, Eq. (A7) gives 
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This equation can be rewritten in the following 
forms: 
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For ωεσ >> , Eq. (A4) gives 
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Since HvvBE μ== , we can rewrite (A11) in 
the following forms: 
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By comparing equations (A8) (A9) (A12) and 
(A13), we can see that Eq. (A13) shows that the 
best way to obtain a strong value of W  in 
practice is by applying an Extra Low-Frequency 
(ELF) electric field ( )Hzfw 12 <<= π  through a 
medium with high electrical conductivity.  
          Substitution of Eq. (A13) into Eq. (A2), 
gives 
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Note that tEE m ωsin= .The average value for 
2E  is equal to 2

2
1

mE  because E  varies 

sinusoidaly (   is the maximum value formE E ). 

On the other hand, 2mrms EE = . Consequently, 

we can change 4E  by , and the equation 
above can be rewritten as follows 
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Substitution of the well-known equation of the 
Ohm's vectorial Law: Ej σ=  into (A14), we get 
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where 2jjrms = .           
          Consider a 15 cm square Aluminum thin 
foil of 10.5 microns thickness with the following 
characteristics: 1=rμ  ; ; 

. Then, (A15) gives 

17 .1082.3 −×= mSσ
3.2700 −= mKgρ
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Now, consider that the ELF electric 
current tiII DC ωsin0+= , ( )DCIi <<0  
passes through that Aluminum foil. Then, the 
current density is  

( )17A
S

I
S

I
j DCrms

rms ≅=   

where  
 

( ) 266 1057.1105.1015.0 mmmS −− ×=×=
 
          If the ELF electric current has 
frequency , then, the 
gravitational mass of the aluminum foil, given by 
(A16), is expressed by  

HzHzf 61022 −×== μ
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 Then, 
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For , the equation above gives AI DC 2.2=

( )201
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This means that the gravitational shielding 
produced by the aluminum foil can change the 
gravity acceleration above the foil down to  

( )211 Aggg −≅=′ χ
Under these conditions, the Aluminum foil works 
basically as a Gravity Control Cell (GCC).  
          In order to check these theoretical 
predictions, we suggest an experimental set-up 
shown in Fig.A2.  
          A 15cm square Aluminum foil of 10.5 
microns thickness with the following composition: 
Al 98.02%; Fe 0.80%; Si 0.70%; Mn 0.10%; Cu 
0.10%; Zn 0.10%; Ti 0.08%; Mg 0.05%; Cr 
0.05%,  and with the following characteristics: 

1=rμ ; ; , is 
fixed on a 17 cm square Foam Board 

17 .1082.3 −×= mSσ 3.2700 −= mKgρ
** plate of 

6mm thickness as shown in Fig.A3. This device 
(the simplest Gravity Control Cell GCC) is placed 
on a pan balance shown in Fig.A2.   
          Above the Aluminum foil, a sample (any 
type of material, any mass) connected to a 
dynamometer will check the decrease of the local 
gravity acceleration upon the sample 
( )gg χ=′ ,  due to the gravitational shielding 
produced by the decreasing of gravitational mass 
of the Aluminum foil ( )0ig mm=χ . Initially, the 
sample lies 5 cm above the Aluminum foil. As 
shown in Fig.A2, the board with the dynamometer 
can be displaced up to few meters in height. 
Thus, the initial distance between the Aluminum 
foil and the sample can be increased in order to 
check the reach of the gravitational shielding 
produced by the Aluminum foil.  
          In order to generate the ELF electric 
current of Hzf μ2= , we can use the widely-

                                           
** Foam board is a very strong, lightweight (density: 
24.03 kg.m-3) and easily cut material used for the 
mounting of photographic prints, as backing in picture 
framing, in 3D design, and in painting. It consists of 
three layers — an inner layer of polystyrene clad with 
outer facing of either white clay coated paper or brown 
Kraft paper. 

known Function Generator HP3325A (Op.002 
High Voltage Output) that can generate 
sinusoidal voltages with extremely-low 
frequencies down to   and 
amplitude up to 20V (40V

Hzf 6101 −×=
pp into  load). The 

maximum output current is ; output 

impedance <2Ω at ELF. 

Ω500
ppA.080

         Figure A4 shows the equivalent electric 
circuit for the experimental set-up. The 
electromotive forces are: 1ε (HP3325A) and 2ε  
(12V DC Battery).The values of the resistors are 
: WR 25001 −Ω= ; ;Ω< 21ir WR 4042 −Ω= ; 

Ω< 1.02ir ; ; Rheostat (0≤ 

R ≤10Ω - 90W). The coupling transformer has the 
following characteristics: air core with diameter 

Ω×= −3105.2pR

mm10=φ ; area 252 108.74 mS −×== πφ ; 

wire#12AWG; 2021 === NNN ; mml 42= ; 

( ) HlSNLLL 72
021 103.9 −×==== μ .Thus, we 

get  

( ) ( ) Ω≅++= 50122
111 LrRZ i ω

and 

( ) ( )22
222 LRRrRZ pi ω++++=

For 0=R  we get ; for Ω≅= 4min
22 ZZ

Ω=10R  the result is . Thus, Ω≅= 14max
22 ZZ
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          The maxima rms currents have the 
following values: 

mAZVI totalpp 5640 min
,12

1max
1 ==

(The maximum output current of the Function 
Generator HP3325A (Op.002 High Voltage 
Output) is rmspp mAmA 5.5680 ≅ ); 

A
Z

I 3min
2

2max
2 ==

ε

and 
AIII 3max

1
max
2

max
3 ≅+=

 
          The new expression for the inertial forces, 
(Eq.5) aMF gi

rr
= , shows that the inertial forces 

are proportional to gravitational mass. Only in the 
particular case of , the expression 
above reduces to the well-known Newtonian 
expression 

0ig mm =

amF ii
rr

0= . The equivalence 
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between gravitational and inertial forces ( )gi FF

rr
≡  

[1] shows then that a balance measures the 
gravitational mass subjected to 
acceleration ga = . Here, the decrease in the 
gravitational mass of the Aluminum foil will be 
measured by a pan balance with the following 
characteristics: range 0-200g;  readability 0.01g.  
          The mass of the Foam Board plate is: 

, the mass of the Aluminum foil is: 
, the total mass of the ends and the 

electric wires of connection is . Thus, 
initially the balance will show . 
According to (A18), when the electric current 
through the Aluminum foil 
(resistance

g17.4≅
g64.0≅

g5≅
g81.9≅

Ω×== −3* 105.2Slrp σ ) reaches the 

value: , we will get  . 
Under these circumstances, the balance will 
show:  

AI 2.23 ≅ ( ) ( )AliAlg mm 0−≅

gggg 53.864.064.081.9 ≅−−
 and the gravity acceleration  above the 

Aluminum foil, becomes .             

g ′
ggg 1−≅=′ χ

          It was shown [1] that, when the 
gravitational mass of a particle is reduced to the 
gravitational mass ranging between  

to , it becomes imaginary, i.e., the 
gravitational and the inertial masses of the 
particle become imaginary. Consequently, the 
particle disappears from our ordinary space-time. 
This phenomenon can be observed in the 
proposed experiment, i.e., the Aluminum foil will 
disappear when its gravitational mass becomes 
smaller than . It will become visible 
again, only when its gravitational mass becomes 
smaller than , or when it becomes 

greater than .  

iM1590.+

iM1590.−

iM1590.+

iM1590.−

iM1590.+
          Equation (A18) shows that the gravitational 
mass of the Aluminum foil, , goes close to 

zero when . Consequently, the 
gravity acceleration above the Aluminum foil also 
goes close to zero since 

( )Algm

AI 76.13 ≅

( ) ( )AliAlg mmgg 0==′ χ . Under these 
circumstances, the Aluminum foil remains 
invisible.  
          Now consider a rigid Aluminum wire # 14 
AWG. The area of its cross section is 

 ( ) 2623 1008.2410628.1 mmS −− ×=×= π   
          If an ELF electric current with 
frequency  passes through 
this wire, its gravitational mass, given by (A16), 
will be expressed by  

HzHzf 61022 −×== μ
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 For AI DC 3≅  the equation above gives 
 

08.3 ig mm −≅
 
Note that we can replace the Aluminum foil for 
this wire in the experimental set-up shown in 
Fig.A2. It is important also to note that an ELF 
electric current that passes through a wire - which 
makes a spherical form, as shown in Fig A5 - 
reduces the gravitational mass of the wire (Eq. 
A22), and the gravity inside sphere at the same 
proportion, 0ig mm=χ , (Gravitational Shielding 
Effect). In this case, that effect can be checked 
by means of the Experimental set-up 2 (Fig.A6). 
Note that the spherical form can be transformed 
into an ellipsoidal form or a disc in order to coat, 
for example, a Gravitational Spacecraft. It is also 
possible to coat with a wire several forms, such 
as cylinders, cones, cubes, etc. 
          The circuit shown in Fig.A4 (a) can be 
modified in order to produce a new type of 
Gravitational Shielding, as shown in Fig.A4 (b).  
In this case, the Gravitational Shielding will be 
produced in the Aluminum plate, with thickness 

, of the parallel plate capacitor connected in the 
point 
h

P  of the circuit (See Fig.A4 (b)). Note that, 
in this circuit, the Aluminum foil (resistance ) 
(Fig.A4(a)) has been replaced by a Copper wire # 
14 AWG with 1cm  length ( ) in order to 

produce a resistance . Thus, 

the voltage in the point 

pR

cml 1=
Ω×= −51021.5φR

P  of the circuit will have 
the maximum value  when 

the resistance of the rheostat is null (
VV p

4max 101.1 −×=

)0=R  and 

the minimum value when VVp
5min 1003.4 −×=

Ω=10R . In this way, the voltage (with 

frequency 
pV

Hzf μ2= ) applied on the capacitor 
will produce an electric field  with intensity pE

hVE pp =  through the Aluminum plate of 

thickness mmh 3= . It is important to note that this 
plate cannot be connected to ground (earth), in 
other words, cannot be grounded, because, in 
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this case, the electric field through it will be null 
††.  
          According to Eq. A14, when 

mVhVE pp /036.0maxmax == , Hzf μ2=  and 

,  
(Aluminum), we get  

mSAl /1082.3 7×=σ 3/2700 mkgAl =ρ

( )

( )
9.0−≅=

Ali

Al

m
m

χ

Under these conditions, the maximum current 
density through the plate with thickness  will be 

given by (It is 
well-known that the maximum current density 
supported by the Aluminum is ).   

h
26maxmax /104.1 mAEj pAl ×==σ

28 /10 mA≈
          Since the area of the plate is 

, then the maximum current is 

. Despite this enormous 
current, the maximum dissipated power will be 

just , because the 
resistance of the plate is very small, i.e., 

( ) 222 1042.0 mA −×==

kAAji 56maxmax ==

( ) WRiP plate 2.6
2maxmax ==

Ω×≅= −9102AhR Alplate σ . 

          Note that the area  of the plate (where 
the Gravitational Shielding takes place) can have 
several geometrical configurations. For example, 
it can be the area of the external surface of an 
ellipsoid, sphere, etc. Thus, it can be the area of 
the external surface of a Gravitational Spacecraft. 
In this case, if , for example, the 
maximum dissipated power will be 

, i.e., approximately .  

A

2100mA ≅

kWP 4.15max ≅ 2/154 mW
          All of these systems work with Extra-Low 
Frequencies ( )Hzf 310−<< . Now, we show that, 
by simply changing the geometry of the surface 
of the Aluminum foil, it is possible to increase the 
working frequency  up to more than 1Hz.   f
          Consider the Aluminum foil, now with 
several semi-spheres stamped on its surface, as 
shown in   Fig. A7 .  The semi-spheres have 
radius , and are joined one to 
another. The Aluminum foil is now coated by an 

mmr 9.00 =

                                           

r

†† When the voltage Vp is applied on the capacitor, the 
charge distribution in the dielectric induces positive 
and negative charges, respectively on opposite sides of 
the Aluminum plate with thickness h. If the plate is not 
connected to the ground (Earth) this charge 
distribution produces an electric field Ep=Vp/h through 
the plate. However, if the plate is connected to the 
ground, the negative charges (electrons) escapes for 
the ground and the positive charges are redistributed 
along the entire surface of the Aluminum plate making 
null the electric field through it.   

insulation layer with relative permittivity ε  
and dielectric strength . A voltage source is 
connected to the Aluminum foil in order to provide 
a voltage (rms) with frequency . Thus, the 

electric potential V  at a distance 

k

0V f
r , in the 

interval from  to , is given by  0r a

( )23
4

1

0

A
r
qV =

rεπε
In the interval bra ≤<  the electric potential is 

( )24
4

1

0

A
r
qV

πε
=

since for the air we have 1≅rε . 
          Thus, on the surface of the metallic 
spheres ( )0rr =  we get 

( )25
4

1

00
0 A

r
qV

rεπε
=

Consequently, the electric field is  

( )26
4

1
2

00
0 A

r
qE

rεπε
=

By comparing (A26) with (A25), we obtain 
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E =

The electric potential at is bV br =

( )28
4

1 00
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rV
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qV r

b
ε

πε
==

Consequently, the electric field is given by bE
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b
qE r

b
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From  0rr =  up to   the electric 
field is approximately constant (See Fig. A7). 
Along the distance  it will be called . For 

dabr +==

d airE
dar +> , the electric field stops being constant. 

Thus, the intensity of the electric field at 
dabr +==  is approximately equal to , 

i.e.,
0E

0EEb ≅ . Then, we can write that 

( )30
0

0
2

00 A
r
V

b
rVr ≅

ε

whence we get 
( )310 Arb rε≅

Since the intensity of the electric field through the 
air, , is airE 0EEE bair ≅≅ , then, we can write that    

( )32
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00
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A
b

rV
b
qE r

air
ε

πε
==

Note that rε  refers to the relative permittivity of 
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the insulation layer, which is covering the 
Aluminum foil.             
          If the intensity of this field is greater than 
the dielectric strength of the air ( )mV /103 6×  
there will occur the well-known  Corona effect. 
Here, this effect is necessary in order to increase 
the electric conductivity of the air at this region 
(layer with thickness d). Thus, we will assume 

mV
r

V
b

rV
E r

air /103 6
min

0
2

0
min

0min ×===
ε

0

and 

( )33/101 7

0

max
0

2
0

max
0max AmV

r
V

b
rV

E r
air ×===

ε

The electric field  will 
produce an electrons flux in a direction and an 
ions flux in an opposite direction. From the 
viewpoint of electric current, the ions flux can be 
considered as an “electrons” flux at the same 
direction of the real electrons flux. Thus, the 
current density through the air, , will be the 
double of the current density expressed by the 
well-known equation of Langmuir-Child  

maxmin
airairair EEE ≤≤

airj

( )341033.22
9
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220
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3
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A
d
V

d
V

d
V

m
ej
e

r
−×=== αεε

where 1≅rε  for the air;  is the 
called Child’s constant. 

6−×=α 1033.2

          Thus, we have 

( )352 2

2
3

A
d
Vjair α=

where , in this case, is the thickness of the air 
layer where the electric field is approximately 
constant and V is the voltage drop given by  

d
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By substituting (A36) into (A35), we get 
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According to the equation of the Ohm's vectorial 
Law: Ej σ= , we can write that  
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          If the insulation layer has thickness 
, mm6.0=Δ 5.3≅rε  (1- 60Hz), 

mmkVk /17=  (Acrylic sheet 1.5mm thickness), 
and the semi-spheres stamped on the metallic 
surface have  (See Fig.A7) then mmr 9.00 =

mmra 5.10 =Δ+= . Thus, we obtain from Eq. 
(A33) that 

kVV 7.2min
0 =

( )409max
0 AkVV =

From equation (A31), we obtain the following 
value for : b

( )411068.1 3
0 Amrb r

−×== ε
Since b da += we get  

md 4108.1 −×=
Substitution of , ,  and A(32) into (A39) 
produces 

a b d
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24 10375.110117.4 VEairair
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Substitution of airσ ,  and 

into (A14) gives 
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For V  and , the result is kVV 9max
00 == Hzf 2=
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          Note that, by increasing , the values of 

 and 
0V

airE airσ  are increased. Thus, as show 
(A42), there are two ways for decrease the value 
of ) : increasing the value of V  or 

decreasing the value of .    
(airgm 0

f
         Since  and 

 then the dielectric strength of the 
insulation must be . As 
mentioned above, the dielectric strength of the 
acrylic is17 .  

mmkVmVE /10/107max
0 ==

mm6.0=Δ
mmkV /7.16≥

mmkV /
          It is important to note that, due to the 
strong value of  (Eq. A37) the drift velocity 

 , 
airE

dv (
air

Substitution of (A37) into (A38) yields )neEnejv airairaird =σ=  of the free 
charges inside the ionized air put them at a 
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distance mfvtvx dd 4.02 ≅== , which is much 

greater than the distance . 
Consequently, the number  of free charges 
decreases strongly inside the air layer of 
thickness  

md 4108.1 −×=
n

d ‡‡, except, obviously, in a thin layer, 
very close to the dielectric, where the number of 
free charges remains sufficiently increased, to 
maintain the air conductivity with mSair /1.1≅σ  
(Eq. A39). 
          The thickness  of this thin air layer close 
to the dielectric can be easily evaluated starting 
from the charge distribution in the neighborhood 
of the dielectric, and of the repulsion forces 
established among them. The result is 

h

mEeh 9
0 104406.0 −×≅= πε . This is, therefore, 

the thickness of the Air Gravitational Shielding. If 
the area of this Gravitational Shielding is equal to 
the area of a format A4 sheet of paper, 
i.e., , we obtain the 
following value for the resistance  of the 

Gravitational Shielding: 

20582.0291.020.0 mA =×=
airR

Ω×≅= −8106AhR airair σ . 
Since the maximum electrical current through this 
air layer is , then the 
maximum power radiated from the Gravitational 

Shielding is . This 
means that a very strong light will be radiated 
from this type of Gravitational Shielding. Note that 
this device can also be used as a lamp, which will 
be much more efficient than conventional lamps.    

kAAji 400maxmax ≅=

( ) kWiRP airairair 10
2maxmax ≅=

          Coating a ceiling with this lighting system 
enables the entire area of ceiling to produce light. 
This is a form of lighting very different from those 
usually known. 
        Note that the value , defines the 
power of the transformer shown in Fig.A10. Thus, 
the maximum current in the secondary is 

kWPair 10max≅

AkWkVis 9.0109max == . 
          Above the Gravitational Shielding, airσ  is 
reduced to the normal value of conductivity of the 
atmospheric air ( )mS /10 14−≈ . Thus, the power 
radiated from this region is 

 
( )( )
( ) ( ) WEAhd

AihdP

airair

airairair

42max

2maxmax

10−≅−=

=−=

σ

σ
  

          Now, we will describe a method to coat the 
Aluminum semi-spheres with acrylic in the 
necessary dimensions ( 0ra − )=Δ , we propose 
the following method.  First, take an Aluminum 
plate with  (A4 format). By cmcm 1.2921 ×
                                           
‡‡ Reducing therefore, the conductivity airσ , to the 
normal value of conductivity of the atmospheric air.   

means of a convenient process, several semi-
spheres can be stamped on its surface. The 
semi-spheres have radius , and 
are joined one to another. Next, take an acrylic 
sheet (A4 format) with 1.5mm thickness  (See 
Fig.A8 (a)).  Put a heater below the Aluminum 
plate in order to heat the Aluminum (Fig.A8 (b)). 
When the Aluminum is sufficiently heated up, the 
acrylic sheet and the Aluminum plate are 
pressed, one against the other, as shown in Fig. 
A8 (c). The two D devices shown in this figure are 
used in order to impede that the press 
compresses the acrylic and the aluminum to a 
distance shorter than . After some seconds, 
remove the press and the heater. The device is 
ready to be subjected to a voltage  with 

frequency , as shown in Fig.A9. Note that, in 
this case, the balance is not necessary, because 
the substance that produces the gravitational 
shielding is an air layer with thickness  above 
the acrylic sheet. This is, therefore, more a type 
of Gravity Control Cell (GCC) with external 
gravitational shielding.    

mmr 9.00 =

ay +

0V
f

d

          It is important to note that this GCC can be 
made very thin and as flexible as a fabric. Thus, it 
can be used to produce anti- gravity clothes. 
These clothes can be extremely useful, for 
example, to walk on the surface of high gravity 
planets.  
                    Figure A11 shows some geometrical 
forms that can be stamped on a metallic surface 
in order to produce a Gravitational Shielding 
effect, similar to the produced by the semi-
spherical form.      
          An obvious evolution from the semi-
spherical form is the semi-cylindrical form shown 
in Fig. A11 (b); Fig.A11(c) shows concentric 
metallic rings stamped on the metallic surface, an 
evolution from Fig.A11 (b). These geometrical 
forms produce the same effect as the semi-
spherical form, shown in Fig.A11 (a). By using 
concentric metallic rings, it is possible to build 
Gravitational Shieldings around bodies or 
spacecrafts with several formats (spheres, 
ellipsoids, etc); Fig. A11 (d) shows a Gravitational 
Shielding around a Spacecraft with ellipsoidal 
form.  
          The previously mentioned Gravitational 
Shielding, produced on a thin layer of ionized air, 
has a behavior different from the Gravitational 
Shielding produced on a rigid substance. When 
the gravitational masses of the air molecules, 
inside the shielding, are reduced to within the 
range igi mmm 159.0159.0 −<<+ , they go to 
the imaginary space-time, as previously shown in 
this article.  However, the electric field stays 
at the real space-time. Consequently, the 
molecules return immediately to the real space-

airE
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time in order to return soon after to the imaginary 
space-time, due to the action of the electric 
field .     airE
          In the case of the Gravitational Shielding 
produced on a solid substance, when the 
molecules of the substance go to the imaginary 
space-time, the electric field that produces the 
effect, also goes to the imaginary space-time 
together with them, since in this case, the 
substance of the Gravitational Shielding is rigidly 
connected to the metal that produces the electric 
field.  (See Fig. A12 (b)). This is the fundamental 
difference between the non-solid and solid 
Gravitational Shieldings.     
          Now, consider a Gravitational Spacecraft 
that is able to produce an Air Gravitational 
Shielding and also a Solid Gravitational 
Shielding, as shown in Fig. A13 (a) §§. Assuming 
that the intensity of the electric field, ,  
necessary  to reduce the gravitational mass of 
the air molecules to within the range 

, is much smaller 

than the intensity of the electric field, , 
necessary  to reduce the gravitational mass of 
the solid substance to within the range 

,  then we 
conclude that the Gravitational Shielding made of 
ionized air goes to the imaginary space-time 
before the Gravitational Shielding made of solid 
substance. When this occurs the spacecraft does 
not go to the imaginary space-time together with 
the Gravitational Shielding of air, because the air 
molecules are not rigidly connected to the 
spacecraft. Thus, while the air molecules go into 
the imaginary space-time, the spacecraft stays in 
the real space-time, and remains subjected to the 
effects of the Gravitational Shielding around it, 

airE

igi mmm 159.0159.0 −<<+

rsE

igi mmm 159.0159.0 −<<+

 
§§ The solid Gravitational Shielding can also be 
obtained by means of an ELF electric current through 
a metallic lamina placed between the semi-spheres 
and the Gravitational Shielding of Air (See Fig.A13 
(a)). The gravitational mass of the solid Gravitational 
Shielding will be controlled just by means of the 
intensity of the ELF electric current. Recently, it was 
discovered that Carbon nanotubes (CNTs) can be 
added to Alumina (Al2O3) to convert it into a good 
electrical conductor. It was found that the electrical 
conductivity increased up to 3375 S/m at 77°C in 
samples that were 15% nanotubes by volume [12].  It 
is known that the density of α-Alumina is 3.98kg.m-3 
and that it can withstand 10-20 KV/mm. Thus, these 
values show that the Alumina-CNT can be used to 
make a solid Gravitational Shielding. In this case, the 
electric field produced by means of the semi-spheres 
will be used to control the gravitational mass of the 
Alumina-CNT.  
    

since the shielding does not stop to work, due 
to its extremely short permanence at the 
imaginary space-time. Under these 
circumstances, the gravitational mass of the 
Gravitational Shielding can be reduced to 

0≅gm . For example, .  Thus, if 
the inertial mass of the Gravitational Shielding is 

kgmg
410−≅

kgmi 10 ≅ , then 4
0 10−≅= ig mmχ . As we 

have seen, this means that the inertial effects on 
the spacecraft will be reduced by . Then, 
in spite of the effective acceleration of the 
spacecraft be, for example, , the 
effects on the crew of the spacecraft will be 
equivalent to an acceleration of only 

410−≅χ

25 .10 −= sma

 1

0

.10 −≈==′ smaa
m
m

a
i

g χ  

This is the magnitude of the acceleration upon 
the passengers in a contemporary commercial 
jet.    
          Then, it is noticed that Gravitational 
Spacecrafts can be subjected to enormous 
accelerations (or decelerations) without imposing 
any harmful impacts whatsoever on the 
spacecrafts or its crew. 
          Now, imagine that the intensity of the 
electric field that produces the Gravitational 
Shielding around the spacecraft is increased up 
to reaching the value  that reduces the 
gravitational mass of the solid Gravitational 
Shielding  to within the range 

rsE

igi mmm 159.0159.0 −<<+ . Under these 
circumstances, the solid Gravitational Shielding 
goes to the imaginary space-time and, since it is 
rigidly connected to the spacecraft, also the 
spacecraft goes to the imaginary space-time 
together with the Gravitational Shielding.  Thus, 
the spacecraft can travel within the imaginary 
space-time and make use of the Gravitational 
Shielding around it.  
          As we have already seen, the maximum 
velocity of propagation of the interactions in the 
imaginary space-time is infinite (in the real space-
time this limit is equal to the light velocity c ). This 
means that there are no limits for the velocity of 
the spacecraft in the imaginary space-time. Thus, 
the acceleration of the  spacecraft can reach, for 
example,  , which leads the 
spacecraft to attain  velocities 

(about 1 million times the speed 
of light) after one day of trip. With this velocity, 
after 1 month of trip the spacecraft would have 
traveled about . In order to have idea of 
this distance, it is enough to remind that the 
diameter of our Universe (visible Universe) is of 
the order of .  

29 .10 −= sma

114 .10 −≈ smV

m2110

m2610
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          Due to the extremely low density of the 
imaginary bodies, the collision between them 
cannot have the same consequences of the 
collision between the real bodies.  
          Thus, for a Gravitational Spacecraft in 
imaginary state, the problem of the collision in 
high-speed doesn't exist. Consequently, the 
Gravitational Spacecraft can transit freely in the 
imaginary Universe and, in this way, reach easily 
any point of our real Universe once they can 
make the transition back to our Universe by only 
increasing the gravitational mass of the 
Gravitational Shielding of the spacecraft in such 
way that it leaves the range of  

to .   
iM1590.+

iM1590.−
          The return trip would be done in similar 
way. That is to say, the spacecraft would transit 
in the imaginary Universe back to the departure 
place where would reappear in our Universe. 
Thus, trips through our Universe that would delay 
millions of years, at speeds close to the speed of 
light, could be done in just a few months in the 
imaginary Universe. 
          In order to produce the acceleration of 

 upon the spacecraft we propose a 
Gravitational Thruster with 10 GCCs (10 
Gravitational Shieldings) of the type with several 
semi-spheres stamped on the metallic surface, as 
previously shown, or with the semi-cylindrical 
form shown in Figs. A11 (b) and (c). The 10 
GCCs are filled with air at 1 atm and 300K. If the 
insulation layer is made with Mica 

29 .10 −≈ sma

( )4.5≅rε  and 

has thickness , and the semi-
spheres stamped on the metallic surface have 

 (See Fig.A7) then 

mm1.0=Δ

mmr 4.00 =

mmra 5.00 =Δ+= . Thus, we get 
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For  andkVVV 6.15max
00 == Hzf 12.0= , the result is 

( )

( )

4

0

106.1 ×−≅=
airi

airg
air m

m
χ

Since 0
max

0
max
0 rVE = is now given by 

mmkVmmkVE /3.179.06.15max
0 ==  and  

then the dielectric strength of the insulation 
must be . As shown in the table 
below

mm1.0=Δ

mmkV /173≥
***, 0.1mm - thickness of Mica can 

withstand 17.6 kV (that is greater 
than ), in such way that the 
dielectric strength is 176 kV/mm.  

kVV 6.15max
0 =

          The Gravitational Thrusters are positioned 
at the spacecraft, as shown in Fig. A13 (b).  
Then, when the spacecraft is in the intergalactic 
space, the gravity acceleration upon the  
gravitational  mass  of the bottom of the 
thruster (See Fig.A13 (c)), is given by [

gtm
2]  

( ) ( ) μχχ ˆ
2

1010

r
M

Gga g
airMair −≅≅

rr
 

where  is the gravitational mass in front of 
the spacecraft.  

gM

          For simplicity, let us consider just the effect 
of a hypothetical volume 

 of intergalactic 
matter in front of the spacecraft ( ) . The 
average density of matter in the intergalactic 
medium (IGM) is )

3733 10101010 mV =××=
mr 30≅

326 .10 −−≈ mkgigρ
†††. Thus, 

for  we get  4106.1 ×−≅airχ

( ) ( )
29

2

19
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30
101067.6106.1
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⎝

⎛
××−−=
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In spite of this gigantic acceleration, the inertial 
effects for the crew of the spacecraft can be 
strongly reduced if, for example, the gravitational 
mass of the Gravitational Shielding is reduced 
                                           
*** The dielectric strength of some dielectrics can have 
different values in lower thicknesses. This is, for 
example, the case of the Mica.   
Dielectric   Thickness (mm)   Dielectric Strength (kV/mm)  
Mica                 0.01 mm                   200 
Mica                 0.1 mm                     176 
Mica                 1 mm                          61 
  
††† Some theories put the average density of the 
Universe as the equivalent of one hydrogen atom per 
cubic meter [13,14]. The density of the universe, 
however, is clearly not uniform. Surrounding and 
stretching between galaxies, there is a rarefied plasma 
[15] that is thought to possess a cosmic filamentary 
structure [16] and that is slightly denser than the 
average density in the universe. This material is called 
the intergalactic medium (IGM) and is mostly ionized 
hydrogen; i.e. a plasma consisting of equal numbers of 
electrons and protons. The IGM is thought to exist at a 
density of 10 to 100 times the average density of the 
Universe (10 to 100 hydrogen atoms per cubic meter, 
i.e., ).  326 .10 −−≈ mkg
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down to   and its inertial mass is 

. Then, we get 

kgmg
610−≅

kgmi 1000 ≅
8

0 10−≅= ig mmχ . Therefore, the inertial 
effects on the spacecraft will be reduced by 

, and consequently, the inertial effects on 
the crew of the spacecraft would be equivalent to 
an acceleration of only   

810−≅χ
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m
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Note that the Gravitational Thrusters in the 
spacecraft must have a very small diameter (of 
the order of millimeters) since, obviously, the hole 
through the Gravitational Shielding cannot be 
large. Thus, these thrusters are in fact, Micro-
Gravitational Thrusters.  As shown in Fig. A13 
(b), it is possible to place several micro-
gravitational thrusters in the spacecraft. This 
gives to the Gravitational Spacecraft, several 
degrees of freedom and shows the enormous 
superiority of this spacecraft in relation to the 
contemporaries spacecrafts.   
          The density of matter in the intergalactic 
medium (IGM) is about 10 -26 kg.m-3 , which is 
very less than the density of matter in the 
interstellar medium (~10-21 kg.m-3) that is less 
than the density of matter in the interplanetary 
medium (~10-20 kg.m-3). The density of matter is 
enormously increased inside the Earth’s 
atmosphere (1.2kg.m-3 near to Earth’s surface). 
Figure A14 shows the gravitational acceleration 
acquired by a Gravitational Spacecraft,  in these 
media, using Micro-Gravitational thrusters.   
       In relation to the Interstellar and 
Interplanetary medium, the Intergalactic medium 
requires the greatest value of airχ  ( χ  inside the 
Micro-Gravitational Thrusters), i.e., 

. This value strongly decreases 
when the spacecraft is within the Earth’s 
atmosphere.  In this case, it is sufficient 
only

4106.1 ×−≅airχ

‡‡‡ 10−≅airχ  in order to obtain: 
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With this acceleration the Gravitational 
                                           
‡‡‡ This value is within the range of values of χ  
( )15..10 3 AEqSee−<χ , which can be produced by 
means of ELF electric currents through metals as 
Aluminum, etc. This means that, in this case, if 
convenient, we can replace air inside the GCCs of the 
Gravitational Micro-thrusters by metal laminas with 
ELF electric currents through them.  

Spacecraft can reach about 50000 km/h in a 
few seconds. Obviously, the Gravitational 
Shielding of the spacecraft will reduce strongly 
the inertial effects upon the crew of the 
spacecraft, in such way that the inertial effects of 
this strong acceleration will not be felt. In 
addition, the artificial atmosphere, which is 
possible to build around the spacecraft, by means 
of gravity control technologies shown in this 
article (See Fig.6) and [2], will protect it from the 
heating produced by the friction with the Earth’s 
atmosphere. Also, the gravity can be controlled 
inside of the Gravitational Spacecraft in order to 
maintain a value close to the Earth’s gravity as 
shown in Fig.3.  
          Finally, it is important to note that a Micro-
Gravitational Thruster does not work outside a 
Gravitational Shielding, because, in this case, the 
resultant upon the thruster is null due to the 
symmetry (See Fig. A15 (a)). Figure A15 (b) 
shows a micro-gravitational thruster inside a 
Gravitational Shielding. This thruster has 10 
Gravitational Shieldings, in such way that the 
gravitational acceleration upon the bottom of the 
thruster, due to a gravitational mass  in front 

of the thruster, is  where 

gM

0
10

10 aa airχ=
2

0 rMGa g−=  is the gravitational  acceleration 
acting on the front of the micro-gravitational 
thruster. In the opposite direction, the 
gravitational acceleration upon the bottom of the 
thruster, produced by a gravitational mass , 
is 

gM

 
( ) 02

0 ≅′−=′ rGMa gsχ  
 
since 0≅sχ  due to the Gravitational Shielding 
around the micro-thruster (See  Fig. A15 (b)). 
Similarly, the acceleration in front of the thruster 
is 
 

( )[ ] sgairair rGMaa χχχ 210
0

10
10 ′−=′=′

 
where ( )[ ] 10

210 arGM gair <′−χ , since rr >′ . 

Thus, for and  we 

conclude that . This means that 

. Therefore, we can write that the 
resultant on the micro-thruster can be expressed 
by means of the following relation 

29
10 .10 −≅ sma 810−≈sχ
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          Figure A15 (c) shows  a Micro-Gravitational 
Thruster with 10 Air Gravitational Shieldings (10 
GCCs). Thin Metallic laminas are placed after 
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each Air Gravitational Shielding in order to retain 
the electric field xVEb 0= , produced by metallic 
surface behind the semi-spheres. The laminas 
with semi-spheres stamped on its surfaces are 
connected to the ELF voltage source  and the 
thin laminas in front of the Air Gravitational 
Shieldings are grounded. The air inside this 
Micro-Gravitational Thruster is at 300K, 1atm.   

0V

          We have seen that the insulation layer of a 
GCC can be made up of Acrylic, Mica, etc. Now, 
we will design a GCC using Water (distilled 
water, ( ) 80

2
=OHrε ) and Aluminum semi-

cylinders with radius . Thus, 
for , the new value of a  is . 
Then, we get  
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Therefore,  and  are much 

smaller than . Note that for the 
intensities of and are not 
sufficient to produce the ionization effect, which 
increases the electrical conductivity. 
Consequently, the conductivities of the water and 
the acrylic remain . In this way, with 

 and  much smaller than , 

and 

( OHE
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airE kVV 90 ≤
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( ) 12 <<OHσ , ( ) 1<<acrylicσ , the decrease in 
both the gravitational mass of the acrylic and the 
gravitational mass of water, according to Eq.A14, 
is negligible. This means that only in the air layer 
the decrease in the gravitational mass will be 
relevant.   
         Equation A39 gives the electrical 
conductivity of the air layer, i.e.,  
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Note that ( )OHrrb
20 ε= . Therefore, here the 

value of b  is larger than in the case of the acrylic. 
Consequently, the electrical conductivity of the air 
layer will be larger here than in the case of 
acrylic.   
          Substitution of ( )airσ ,  (rms) and 

 into Eq. A14, gives 
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For  and , the result 
is 

kVVV 9max
00 == Hzf 2=

( )

( )
4.8

0
−≅

airi

airg

m
m

This shows that, by using water instead of acrylic, 
the result is much better.         
          In order to build the GCC based on the 
calculations above (See Fig. A16), take an Acrylic 
plate with 885mm X 885m and 2mm thickness, 
then paste on it an Aluminum sheet with 
895.2mm X 885mm and 0.5mm thickness(note 
that two edges of the Aluminum sheet are bent as 
shown in Figure A16 (b)). Next, take 342 
Aluminum yarns with 884mm length and 
2.588mm diameter (wire # 10 AWG) and insert 
them side by side on the Aluminum sheet. See in 
Fig. A16 (b) the detail of fixing of the yarns on the 
Aluminum sheet. Now, paste acrylic strips (with 
13.43mm height and 2mm thickness) around the 
Aluminum/Acrylic, making a box. Put distilled 
water (approximately 1 litter) inside this box, up to 
a height of exactly 3.7mm from the edge of the 
acrylic base. Afterwards, paste an Acrylic lid 
(889mm X 889mm and 2mm thickness) on the 
box. Note that above the water there is an air 
layer with 885mm X 885mm and 7.73mm 
thickness (See Fig. A16). This thickness plus the 
acrylic lid thickness (2mm) is equal to 

mmabd 73.9=−= where ( ) mmrb OHr 63.11
20 == ε  

and mmra 99.10 =Δ+= , since mmr 3.10 = , 

( ) 80
2

=OHrε and mm6.0=Δ .   
          Note that the gravitational action of the 
electric field , extends itself only up to the 
distance , which, in this GCC, is given by the 
sum of the Air layer thickness (7.73mm) plus the 
thickness of the Acrylic lid (2mm). 

airE
d

         Thus, it is ensured the gravitational effect 
on the air layer while it is practically nullified in 
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the acrylic sheet above the air layer, since 

and ( ) airacrylic EE << ( ) 1<<acrylicσ . 
          With this GCC, we can carry out an 
experiment where the gravitational mass of the 
air layer is progressively reduced when the 
voltage applied to the GCC is increased (or when 
the frequency is decreased). A precision balance 
is placed below the GCC in order to measure the 
mentioned mass decrease for comparison with 
the values predicted by Eq. A(47). In total, this 
GCC weighs about 6kg; the air layer 7.3grams. 
The balance has the following characteristics: 
range 0-6kg; readability 0.1g. Also, in order to 
prove the Gravitational Shielding Effect, we can 
put a sample (connected to a dynamometer) 
above the GCC in order to check the gravity 
acceleration in this region.  
          In order to prove the exponential effect 
produced by the superposition of the 
Gravitational Shieldings, we can take three 
similar GCCs and put them one above the other,  
in such way that above the GCC 1 the gravity 
acceleration will be ; above the GCC2 

, and above the GCC3 . 
Where

gg χ=′

gg 2χ=′′ gg 3χ=′′′
χ  is given by Eq. (A47).  

          It is important to note that the intensity of 
the electric field through the air below the GCC is 
much smaller than the intensity of the electric 
field through the air layer inside the GCC. In 
addition, the electrical conductivity of the air 
below the GCC is much smaller than the 
conductivity of the air layer inside the GCC. 
Consequently, the decrease of the gravitational 
mass of the air below the GCC, according to 
Eq.A14, is negligible.  This means that the GCC1, 
GCC2 and GCC3 can be simply overlaid, on the 
experiment proposed above. However, since it is 
necessary to put samples among them in order to 
measure the gravity above each GCC, we 
suggest a spacing of 30cm or more among them. 
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Figure A2 – Experimental Set-up 1. 
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Figure A3 – The Simplest Gravity Control Cell (GCC). 
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Fig. A4 – Equivalent Electric Circuits  
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Figure A5 – An ELF electric current through a wire, that makes a spherical form as shown above,
reduces the gravitational mass of the wire and the gravity inside sphere at the same proportion

0ig mm=χ (Gravitational Shielding Effect).  Note that this spherical form can be transformed into 
n ellipsoidal form or a disc in order to coat, for example,  a Gravitational Spacecraft. It is also a

possible to coat with a wire several forms, such as cylinders, cones, cubes, etc. The characteristics 
of the wire are expressed by: rμ ,σ , ρ ; j  is the electric current density and f  is the frequency.   
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Figure A6 – Experimental set-up 2. 
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Figure A7 – Gravitational shielding produced by semi-spheres stamped on the Aluminum 
foil - By simply changing the geometry of the surface of the Aluminum foil it is possible to 
ncrease the working frequency f  up to more than 1Hz.   
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(a) 

                                                                         

(b) 

                                                                         

(c)  

                                                                         

(d)  

Figure A8 – Method to coat the Aluminum semi-spheres with acrylic ( )mmra 6.00 =−=Δ . 
(a)Acrylic sheet (A4 format) with 1.5mm thickness and an Aluminum plate (A4) with several 
semi-spheres (radius mmr 9.00 = ) stamped on its surface. (b)A heater is placed below the 
Aluminum plate in order to heat the Aluminum. (c)When the Aluminum is sufficiently heated 
up, the acrylic sheet and the Aluminum plate are pressed, one against the other (The two D 
devices shown in this figure are used in order to impede that the press compresses the acrylic 
and the aluminum besides distance ay + ). (d)After some seconds, the press and the heater are 
removed, and the device is ready to be used. 
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Figure A9 – Experimental Set-up using a GCC subjected to high-voltage 0V  with frequency 
Hzf 1> . Note that in this case, the pan balance is not necessary because the substance of the 

Gravitational Shielding is an air layer with thickness d  above the acrylic sheet. This is therefore, 

                              

                                  

more a type of Gravity Control Cell (GCC) with external gravitational shielding.     
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(b) 
 
 
 

Figure A10 – (a) Equivalent Electric Circuit. (b) Details of the electrical connection with the 

 

                                                                       

  Gravitational Shielding

                  
       

          

                         

(a) 

Aluminum plate. Note that others connection modes (by the top of the device) can produce 
destructible interference on the electric lines of the airE  field.  
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Figure A11 – Geometrical forms with similar effects as those produced by the semi-spherical form – (a) 
shows the semi-spherical form stamped on the metallic surface; (b) shows the semi-cylindrical form (an 
obvious evolution from the semi-spherical form); (c) shows concentric metallic rings stamped on 
the metallic surface, an evolution from semi-cylindrical form. These geometrical forms produce 
the same effect as that of the semi-spherical form, shown in Fig.A11 (a). By using concentric 
metallic rings, it is possible to build Gravitational Shieldings around bodies or spacecrafts with 
several formats (spheres, ellipsoids, etc); (d) shows a Gravitational Shielding around a Spacecraft 
with ellipsoidal form.  
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                                                     (a)                                                       (b) 

Figure A12 – Non-solid and Solid Gravitational Shieldings - In the case of the Gravitational 
Shielding produced on a solid substance (b), when its molecules go to the imaginary space-time, 
he electric field that produces the effect also goes to the imaginary space-time together with 

them, because in this case, the substance of the Gravitational Shielding is rigidly connected (by 
means of the dielectric) to the metal that produces the electric field. This does not occur in the 
case of Air Gravitational Shielding.  
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 (c) 

igure A13 – Double Gravitational Shielding and Micro-thrusters – (a) Shows a double 
ravitational shielding that makes possible to decrease the inertial effects upon the spacecraft 

F
g
when it is traveling both in the imaginary space-time and in the real space-time. The solid
Gravitational Shielding also can be obtained by means of an ELF electric current through a metallic 
lamina placed between the semi-spheres and the Gravitational Shielding of Air as shown above. (b) 
Shows 6 micro-thrusters placed inside a Gravitational Spacecraft, in order to propel the 
spacecraft in the directions x, y and z. Note that the Gravitational Thrusters in the spacecraft 
must have a very small diameter (of the order of millimeters) because the hole through the 
Gravitational Shielding of the spacecraft cannot be large. Thus, these thrusters are in fact Micro-
thrusters. (c) Shows a micro-thruster inside a spacecraft, and in front of a volume V of the 
intergalactic medium (IGM). Under these conditions, the spacecraft acquires an acceleration a in 
the direction of the volume V.  
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(c) 

Figure A14 – Gravitational Propulsion using Micro-Gravitational Thruster – (a) Gravitational 
acceleration produced by a gravitational mass Mg of the Interstellar Medium. The density of the 
nterstellar Medium is about 105 times greater than the density of the Intergalactic Medium (b) 
ravitational acceleration produced in the Interplanetary Medium. (c) Gravitational acceleration 

I
G
produced in the Earth’s atmosphere. Note that, in this case, ρatm (near to the Earth’s surface)is about
1026 times greater than the density of the Intergalactic Medium.  
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(a) 

 

(b) 

 
 

 (c) 
Figure A15 – Dynamics and Structure of the Micro-Gravitational Thrusters - (a) The Micro-Gravitational 
Thrusters do not work outside the Gravitational Shielding, because, in this case, the resultant upon the thruster is 
null due to the symmetry. (b) The Gravitational Shielding ( )810−≅sχ  reduces strongly the intensities of the 
gravitational forces acting on the micro-gravitational thruster, except obviously, through the hole in the 
gravitational shielding. (c) Micro-Gravitational Thruster with 10 Air Gravitational Shieldings (10GCCs). The 
grounded metallic laminas are placed so as to retain the electric field produced by metallic surface behind the 
semi-spheres.  
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GCC Cross-section Front view  

(a) 

 
 

GCC Cross-section Side View 
(b) 

Fig. A16 – A GCC using distilled Water.  
                  In total this GCC weighs about 6kg; the air layer 7.3 grams. The balance has the    
                  following characteristics: Range 0 – 6kg; readability 0.1g. The yarns  are inserted  
                  side by side on the Aluminum sheet. Note the detail of fixing of the yarns on the  
                  Aluminum sheet.    
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Fig. A17 – Experimental set-up.  In order to prove the exponential effect produced by the 
superposition of the Gravitational Shieldings, we can take three similar GCCs and put them one above 
the other,  in such way that above the GCC 1 the gravity acceleration will be gg χ=′ ; above the 
GCC2 gg 2χ=′′ , and above the GCC3 gg 3χ=′′′ . Where χ  is given by Eq. (A47). The arrangement 
above has been designed for values of gmg 13<  and χ  up to -9 or kgmg 1<  and χ  up to -2  .  
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APPENDIX B: A DIDACTIC GCC USING A BATTERY OF CAPACITORS  
 
          Let us now show a new type of GCC - easy to 
be built with materials and equipments that also can 
be obtained with easiness.  
          Consider a battery of  parallel plate 
capacitors with capacitances , , ,…, , 

connected in parallel. The voltage applied is V ; 

n
1C 2C 3C nC

A  
is the area of each plate of the capacitors and d is  
the distance between the plates; ( )waterrε is the 
relative permittivity of the dielectric (water). Then the 
electric charge on the plates of the capacitors is 
given by 

q

 

( ) ( )( ) ( )1... 0321 BV
d
AnVCCCCq waterrn εε=++++=

 
 
In Fig. I we show a GCC with two capacitors 
connected in parallel. It is easy to see that the 
electric charge density 0σ  on each area azA =0  
of the edges B of the thin laminas (z is the thickness 
of the edges B and a is the length of them, see 
Fig.B2) is given by 

( )( ) ( )20
0

0 BV
azd

An
A
q

waterr εεσ ==

Thus, the electric field E  between the edges B is  
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( )
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==

ε
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Since , we can write that yx LLA =
 

( )

( )
( )42 BV
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nE yx

airr
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⎟
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⎞
⎜
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⎝
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Assuming ( ) 81=waterrε  **** (bidistilled 

water); ( ) 1≅airrε (vacuum 10-4 Torr; 300K); 2=n ; 

; ;  and 

 we obtain 

mLL yx 300.== ma 120.= mmz 10.=
mmd 10=

 
VE 810432 ×= .  

 
For  , the electric field is VV 220=max
 
                                           
****It is easy to see that by substituting the water for 
Barium Titanate (BaTiO3) the dimensions  of the 
capacitors can be strongly reduced due to 

yx LL ,

( ) 1200BaTiO3 =rε . 

 
 

mVE /.max
101035 ×=  

 
Therefore, if the frequency of the wave voltage 
is Hzf 60= , ( )fπω 2= , we have that 

. It is known that the electric 

conductivity of the air,

191033 −−×= mSair ..ωε

airσ , at 10-4 Torr and 300K,  
is much smaller than this value, i.e.,  

airair ωεσ <<  

Under this circumstance ( )ωεσ << , we can 
substitute Eq. 15 and 34 into Eq. 7. Thus, we get 
 

( ) ( )

( ) ( )511068.9121

1121

02

4
57

02

4

2

3

BmE

mE
c

m

airi
air

airi
air

airair
airg

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−×+−=

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−+−=

−

ρ

ρ
εμ

 
The density of the air at 10-4 Torr and 300K is  

371051 −−×= mkgair ..ρ
Thus, we can write  
 

( )
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( )61103.4121 443 BE

m
m
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⎩⎨
⎧
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==

−

χ

 
Substitution of E  for  into 
this equation gives 

mVE /.max
101035 ×=

 
21.max −≅χ

 
This means that, in this case, the gravitational 
shielding produced in the vacuum between the 
edges B of the thin laminas can reduce the local 
gravitational acceleration  down to g

gg 2.11 −≅

Under these circumstances, the weight, gmP g+= , 
of any body  just above the gravitational shielding 
becomes 
 

gmgmP gg 211 .−==
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Vertical Cross Section  
 
 
 
 
 
 

 
 
 
 
 

Figure B1 – Gravity Control Cell (GCC) using a battery of capacitors. According to Eq. 7 , the 
electric field, E, through the air at 10-4 Torr; 300K, in the vacuum chamber, produces a gravitational 
shielding effect. The gravity acceleration above this gravitational shielding is reduced to χg where χ 
< 1. 
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   A is the area of the plates of the capacitors and A0 the 
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the thickness of the edges).   
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Top view 

Figure B2 – The gravitational shielding produced between the thin laminas. 
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Figure B3 – Experimental arrangement with a GCC using battery of capacitors. By means of this 
set-up it is possible to check the weight of the sample even when it becomes negative. 

  

Sample 
Any type of material

Any mass 
g1 = χ g     χ < 1   

 Elementar Motor 

Gravitational 
Shielding 

GCC 

GCC 

mgg1 = -χ g mg  

↓g 

 
 
 



 74
 

REFERENCES 

1. DeAquino, F. 2010. Mathematical Foundations  
    of the Relativistic Theory of Quantum Gravity.  
    Pacific Journal of Science and Technology.  
    11(1), pp.173-232.  
 
2. Freire, G. F. O and Diniz, A. B. (1973)  
      Ondas Eletromagnéticas, Ed. USP,p.26. 
 
3. Halliday, D. and Resnick, R. (1968)  
     Physics, J. Willey & Sons, Portuguese  
      Version, Ed. USP, p.1118.  
 
4. Quevedo, C. P. (1977) Eletromagnetismo,    
      McGraw-Hill, p.255 and 269.  
 
5. GE Technical Publications (2007),  
      80044 – F20T12/C50/ECO, GE Ecolux ®T12.  
 
6. Aplin,  K. L. (2000)   PhD  thesis,  The  
     University of Reading, UK  
 
7. Aplin  K. L  (2005) Rev. Sci. Instrum.  76,   
      104501. 
 
8. Beiser, A. (1967) Concepts of  Modern    
     Physics, McGraw-Hill,Portuguese version    
     (1969) Ed. Polígono, S.Paulo, p.362-363.   
 
9. Hayt, W. H. (1974), Engineering  
    Electromagnetics, McGraw-Hill.  
     Portuguese version (1978) Ed. Livros  
    Técnicos e Científicos Editora S.A, RJ,  
     Brasil. P.146. 
 
10. Benjegerdes, R. et al.,(2001) Proceedings  
      of the 2001Particle Accelerator Conference,   
      Chicago.         
         http://epaper.kek.jp/p01/PAPERS/TOAB009.PDF  
 
11. Gourlay, S. et al., (2000) Fabrication  
      and   Test     of    a    14T,       Nb3Sn  
      Superconducting   Racetrack   Dipole             
      Magnetic,    IEE Trans   on   Applied   
      Superconductivity, p.294. 
 
12. BPE soft,   Extreme   High   Altitude  
     Conditions Calculator. 
     http://bpesoft.com/s/wleizero/xhac/?M=p  
 
13. Handbook of Chemistry and Physics,  
      77th ed.1996. 
 
14. Halliday, D. and Resnick, R. (1968)  
       Physics, J. Willey & Sons,  
       Portuguese Version, Ed. USP, p.1118. 
 

 
 
15. Zhan, G.D et al. (2003) Appl. Phys. Lett.  
       83, 1228. 
 
16. Davidson, K. & Smoot, G. (2008)   
       Wrinkles in Time. N. Y: Avon, 158-163.   
 
17. Silk, Joseph. (1977) Big Bang. N.Y,   
        Freeman, 299.  
 
18. Jafelice, L.C. and Opher, R. (1992). The  
       origin of intergalactic magnetic fields  
       due to extragalactic jets. RAS. 
      http://adsabs.harvard.edu/cgi-bin/nph- 
      bib query? Bib code = 1992 MNRAS.  
      257. 135J.  Retrieved 2009-06-19.  
  
19. Wadsley, J., et al. (2002). The  Universe  
         in Hot Gas. NASA.   
         http://antwrp.gsfc.nasa.gov/apod/ap   
         020820. html. Retrieved 2009-06-19.  
 
 
  



The Gravitational Mass at the Superconducting State
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Abstract

         It will be shown that  the gravitational masses of the electrons of a superconducting
material are strongly negative. Particularly, for an amount of mercury (Hg) at the transition
temperature, Tc = 4.15 K , the negative gravitational masses of the electrons   decrease  the
total gravitational mass of the Hg  of approximately 0.1 percent. The weight reduction
increase  when the Hg is spinning  inside a magnetic field or when it is placed into a strong
oscillating EM field.

Introduction
          We have shown in a previous
paper1 that the gravitational mass and
the inertial mass are correlated by a
dimensionless  factor, which depends
on the incident radiation upon the
particle. It was shown that only in the
absence of electromagnetic radiation
this factor becomes equal to 1 and
that, in specific electromagnetic
conditions, it could be reduced,
nullified  or made   negative.
      The general expression of
correlation between gravitational mass
mg and inertial mass mi , is given by
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the momentum  q  is given by

( )2v/U

)dt/dz/(U)k//(NkNq
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where  U  is the electromagnetic
energy absorbed (or emitted) by the
particle; v  is the velocity of the
incident( or emitted) radiation, which is
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ωεσµε rr

c
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where fπω 2=  ; f  is the frequency of the
radiation: ε ,µ and σ,   are the
electromagnetic characteristics of the
outside medium around the particle in
which the incident (or emitted)
radiation is propagating ( 0εεε r= ; rε  is
the relative electric permittivity and

m/F. 12
0 108548 −×=ε : 0µµµ r= ; rµ is

the relative magnetic permeability and
m/H7

0 104 −×= πµ ).
          The general expression of
correlation between gravitational mass
and inertial mass ( Eq.(1) ) was
experimentally confirmed by  an
experiment using Extra-Low Frequency
(ELF) radiation on ferromagnetic
material.The experimental setup and
the obtained results were presented in
a previous paper2 . Recently another
experiment3 using UV light on
phosphorescent plastic have also
confirmed  the Eq.(1).



2
          By the substitution of  Eqs.(3)
and (2) into Eq.(1), we  obtain
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 In the equation above, rn  is the
refractive index , which is given by:

( ) )5(11
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 ++== ωεσµε rr
r

v

c
n

c is the speed in vacuum and v  is the
speed in medium.
          It is important to note  that the
electromagnetic characteristics, ε ,µ
and σ,  do not refer to the particle, but
to the outside medium around the
particle in which the incident ( or
emitted) radiation is propagating. For
an electron inside  a body, the incident
(or emitted)radiation on this electron
will be propagating inside the body,
and consequently, σ=σbody,ε=εbody,
µ=µbody. Thus, according to the Eq.(4),
the gravitational mass of the electron is
given by
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where  em  is the inertial mass of the

electron  and ( )bodyrn  is the index of

refraction of the body.
          Based on the  equation above,
we will be show that the gravitational
masses of the electrons of a
superconducting material are strongly
negative. Particularly, for an amount of
mercury (Hg) at the transition
temperature, the negative gravitational
masses of the electrons   decrease

the total gravitational mass of the Hg
of approximately 0.1%.

2. Superconductors

          Usually, for superconducting
materials, we have ωεσ >> . Thus, in

that case, the index of refraction  given
by the Eq.(5), can be written

( )7
2

2

ω
µσ c

n r =

          The equation above shows that
the refractive indices of the
superconducting materials  are
enormous. Consequently, in agreement
with Eq.(6), the gravitational masses of
their electrons can be significantly
reduced  even for  U  relatively small
as, for example, in the case of thermal
radiation  emitted from a disk of
superconducting material  at the
transition temperature cT .
          In  the  case of thermal radiation,
it  is  common  to  relate  the  energy
of  photons  to  temperature, T, through
the  relation,

  Thf κ≈

where κ = 1.38×10-23J/K  is the
Boltzmann’s constant. Thus, we can
write

ThfU ηκη ≈= .

Where η  is a particle-dependent
absorption ( or emission ) coefficient.
Consequently, we can express Eq.(6)
as follows:
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         For electrons4  10.e ≅=ηη . Thus,

for cTT = (Transition Temperature) the
equation above can be written

{ } ( )91102112 22
ecege mT.mm −×+−= − σ

From this equation we can conclude
that the gravitational masses of the
electrons of a superconducting
material ( m/S2210>σ ) are strongly
negative.
          Let us now consider the   Hg  at
the transition temperature5, Tc = 4.15 K.
At this temperature, the electric
conductivity of the Hg  is m/S2310≅σ .
Consequently, from the Eq.(9) we
obtain

ege m.m 2511−≅

Thus the total gravitational mass of the
Hg  is

( ) ( ) ( )HgiHgi
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Hgg m.m
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This means that the negative
gravitational masses of the electrons
decrease  the total gravitational mass
of the Hg   of less than 1% percent
( approximately 0.1% ).
          This prediction can be verified in
a very simple  way, see Fig. 1. In
addition, we suggest to check the
weights of samples (of different
masses and chemical compositions)
hung above the Hg . Possibly the
percentage of weight decrease will be
the same of the Hg up to  some meters
upwards( due to shielding effect
produced to the reduction of the
gravitational mass of the  Hg ).
          It is important to note that, if  the
Hg  cylinder   rotates     at    a     strong

magnetic field B   perpendicular to the
cylinder, the weight reduction must
increase due to the emission of
radiation from the electrons rotating
within the magnetic field. At this case,
the radiation  emitted from each
electron has power P  which, as we
know,  is given by6
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16 222

224
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π
µ

 Most of the emitted radiation has
frequency f
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where
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0 cV

m

eB
f

e
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π

is the named cyclotron frequency.
        To simplify the calculations we
can consider only the contribution of
the emitted radiation with frequency f  .
Then we can put nhfU = in Eq.(6),
where n  is the number of emitted

   T = 0° C
             1 liter

    T = Tc = 4.15 K              
              1 liter

  Fig.1 - The Gravitational Mass of the Hg at
   0ºC and at 4.15K( Transition Temperature)

13,600 gHg

Hg 13,580 g
g
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photons from the electron. Thus we
can write

( )13112
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But 2nhft/nhfP == ∆ , thus we can

write 2hf/Pn = . Substitution of n  into
Eq.(13) gives
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For  ωεσ >>  Eq.(3) reduces to

( )15
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By the substitution of Eqs.(10) and
Eq.(15) into Eq.(14) we obtain
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Note that the momentum  q  in Eq.(1)
can be also produced by an Electric
and/or Magnetic field if the particle has
an electric charge Q .
       In that case, combination of
Lorentz’s Equation  BVQEQF

����
×+= 0

and   amF g

��
=   (see reference 1,

p.78-Eq.(2.05)) gives
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In the particular case of an oscillating
EM field ( frequency oscosc f/t,f 1=∆ )
we have
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Thus, the general expression of q  in
Eq.(1) will be
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Consequently, if the Hg  cylinder
rotates at an oscillating  magnetic field

oscB of frequency oscf , perpendicular to
the cylinder, then the total value of q
for the  electrons of the Hg , according
to Eq.(19), will be given by
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where r
c

U η  , according to Eq.(16), is

given by
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In the equation above RV cc
ωω =  and

oscV can be calculated by means of the
well-known equations of the Ohm's
vectorial Law  :  EJ

��
σ=    and

VJ m

��
ρ= ( J  is the current density, in

A/m2 ; mρ  and  V  are respectively, the
density (C/m3) and the velocity of
charge carriers). Thus we can write
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Thus the Eq.(20) can be rewritten in
the following form:
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Where oscosc vBE = ( v  given by the

Eq.(3), 
µσ
ωoscv

2=  ).

          By the substitution of Eq.(22)
into Eq.(1), we obtain
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 For gH  at the superconducting state

we can take 0µµ ≅  ; m/S2310≅σ
and 31310 m/Cm ≅ρ .Thus, when the

Hg  cylinder is rotating at angular
frequency rpmc 5000≅ω , within a

magnetic field T.Bosc 10≅ of frequency

Mhzfosc 10≅ , a point at distance

cmR 10=  ( average radius of the
cylinder ) from the rotating axis has
tangential velocity s/mRV cc

52≅=ωω ,

and consequently the gravitational
masses of the electrons at this
distance are then

ege m.m 70160−≅

We can assume this value as the
average gravitational mass of the
electrons. Thus, the total average

gravitational mass can be written as
follows
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This means that the total gravitational
mass of the Hg  decreases of
approximately 4% percent.
          In our opinion, this way
Podkletnov's effect7 may be
understood.
          When the Hg  cylinder isn't
rotating  ( 0=cω ) the Eq.(23) reduces
to

( )241
4

12

112

2

2

e

osc

osc

osce

osc
e

e

osc

oscosc

osc

osc

e

ege

m
f

V

fcm

eB
m

m
f

BV

f

E

cm

e
mm







î





−





















++−=







î





−

















++−=

µσ
π

By the substitution of Eq.(21) into
Eq.(24) we obtain
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Then, if TBosc 10≅ ; MHzfosc 10≅ ,
Eq.(25) gives

ege mm 3700−≅

Thus, the total average gravitational
mass of the  gH  is
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          Again we suggest to check the
weights of samples (of different
masses and chemical compositions)
above the Hg . Possibly the samples
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will float above the Hg  ( the
gravitational masses of the samples
will be slightly negative, due to the
negative gravitational mass of the
Hg ).
          Let us now consider a static
( 0=cω  ) parallel-plate capacitor,
where  d  is the distance between the
plates; ACV∆        is the applied voltage;

d/VE ACosc ∆=     is the external electric
field. Inside the dielectric the electric
field is roscm /E/E εεσ ==  where mσ
(in C/m2) is the density of electric
charge and  0εεε r= .
       Thus the charge  Q  on each
surface of the dielectric is given by

SQ mσ=  ( S  is the area of the
surface). Then we have

( ) ( )260 SESQ oscm εσ ==

Within the oscillating field oscE  the
charge Q      (or “charge layer”) acquire
a momentum  q  , according to Eq.(19),
given by
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If 0=U   then Eq.(27) reduces to
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      Assuming that in the dielectric of
the capacitor there are *N layers of
dipoles with thickness ξ  approximately
equal to the diameter of the atoms ,i.e.,

ddN 10* 10≅= ξ  then, according to

Eq.(1), for cmq i>> , the gravitational

mass  *
gm  of each dipole  layer  is
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Thus, the total gravitational mass gm

of the dielectric may be written in the
following form
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For example, if we have

mmd

andHzf;m.S;KVV oscAC

1

1001050 22

=
≅==∆

Eq.(30) gives   kg.mg 30−≅
          The result above can also be
reach by means of the calculation of
the gravitational masses of the
electrons of the dielectric of the
capacitor. Note that the  acceleration
upon the electrons       (due to the  field

oscE )  is obviously equal to acceleration
upon the electric dipoles of the
dielectric. Consequently, the
momentum q  for the electrons ( )eq  and

for the electric dipoles ( )dipq  are

respectively, Vmq ee =  and

Vmq dipdip = . Thus, 
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e
dipe m

m
qq .

From Eq.(27), for 0=U ,  we can write
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where  dipQ   is the dipole electric

charge. Consequently,
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By the substitution of Eq.(33) into
Eq.(1), we obtain
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Assuming CQdip
19102 −×≅ ; kgmdip

26101 −×≅

and   Hzf;mmd;KVV oscAC
210150 ≅==∆

then Eq.(34) gives

ege mm 133000−≅

Then the total gravitational mass of the
dielectric is
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But  kgSdVmi
210−≅== ρρ  then

kg.mg 30−≅

Possibly this is the explanation for the
Biefeld-Brown Effect.
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Abstract

          It was shown that there is a practical possibility of gravity control on
electroluminescent (EL) materials (physics/0109060). We present here a  type
Gravitational Shielding based on an  EL phosphor namely zinc sulfide doped with
silver (ZnS:Ag ) which can reduce the cost of the Gravitational Motor previously
presented.

Introduction

          A recent experiment1 using UV
light on a phosphorescent material has
detected a small reduction in the
gravitational mass of the material. In a
previous paper 2 we have explained
the reported effect and presented a
complete theory for the alterations of
the gravitational field in luminescent
(photo, electro, thermo and tribo)
materials. We have obtained the
following expressions of correlation
between gravitational mass mg and
inertial mass mi for particles under
incident (or emitted) radiation
(fluorescent or phosphorescent
radiation):
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The Eq. (1) if the EL material is a
dielectric (its electric conductivity σ  is
such that ωεσ << , where

f;fπω 2= is the frequency of the
light emitted from the EL material and
ε  its electric permittivity). And Eq. (2)
if the EL material is a conductor
( ωεσ >> ).
          In Eqs. (1) and (2), V  is the
volume of the particle( Vmi ρ=  where
ρ  is matter density of the particle).
          We see that the index of
refraction  nr of the EL material is a
highly important factor in both
equations, particularly in Eq. (2) where
it appears with exponent 4.
          In this paper we present a
gravitational shielding based on an
EL phosphor (ZnS:Ag) namely zinc
sulfide doped with silver whose index
of refraction is equal to  2.36.
         The typical EL devices are
consisted of light emitting phosphor
sandwiched between two conductive
electrodes. When an AC voltage is
applied to the electrodes, the electric



2
field causes the phosphor to rapidly
charge and discharge, resulting in the
emission of light during each cycle.
The number of light pulses are
determined by the magnitude of
applied voltage, so, the brightness and
color of the light emitted from the EL
material will vary subject to the change
of the operating voltage and frequency.
For example, increasing the voltage
increases brightness, whereas
increasing the frequency of applied
voltage will increase brightness and
the frequency  f  of the emitted light.

1. Gravitational Shielding

           Let us consider a thin phosphor
layer with chemical composition
ZnS:Ag, index of refraction 2.36, and
thickness  ξ   on a metallic spherical
shell with outer radius R.
           When a specific alternating
voltage VAC  with frequency fAC  is
applied to the metallic spherical shell,
the electric field causes the phosphor
to rapidly charge and discharge,
resulting in the emission of blue light
( Hz6.5f 1410×= ). Inside the phosphor
this fluorescent radiation  will fall upon
the atoms. It can be shown that the
probability of this radiation to reach the
nucleons (protons and neutrons) of the
atoms is practically null, thus we can
assume that the radiation fall only
upon the electrons, consequently
changing, their gravitational masses.
Under these circumstances the
gravitational masses of the electrons,
according to Eq. (2), will be given by:
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and the gravitational mass of the
phosphor layer will be
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1n  is the number of atoms with  atomic
number 1Z  inside the phosphor layer,

2n  is the number of atoms with atomic
number 2Z , etc.
          When 0=gM  the phosphor

coating  works as a gravitational
shielding. This occurs if

{ } 011053112
228 =++
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î
 ×+− pnee mmmR.m ξ

i.e., if  352 10191 m.R −×=ξ . For example
if  mm.10=ξ  then the external radius R
of the metallic spherical crust must be

m.R 350= .
          It is important to note that we
can vary the frequency  f of the emitted
light  to adjust  the  exact  value  of  Mg.
But, in the previous case where

352 10191 m.R −×=ξ , if Hz6.5f 1410×>
the gravitational mass of the layer will
be  negative. This means that the
weight  of the phosphor layer will be
inverted.
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2. Gravitational  Motor

          From the technical point of view,
the cost of the  Gravitational Motor
presented in recent papers2,3 can be
strongly reduced by means of the
gravitational shielding above
mentioned.
          Let us consider the schematic
diagram for the Gravitational Motor in
Fig.2. Basically, it is similar to the
previous design2. But the quantity of
EL material in this model is very  less
than in the previous one. Consequently
it will have a very smaller cost.
          Now  the idea  isn't  to invert  the
weight  of the cylinders of EL material
on the left side of the rotor but to annul
the weight of spheres of lead by means
of the gravitational shielding which coat
them (see Fig.2).

          In   this  design of the
Gravitational Motor, the average
mechanical power  P  of the motor is
given by:
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where  ( ) ξ∆ +=+−= RR;rRrr 00 ,

(see Fig.2a) and isM is the inertial
mass of one sphere.
          Thus,   if the radius of the rotor is

;mm.;m.Randm.r 80120350 === ξ
kgM;m.r is 45030 ==∆  we obtain

HP.kw.P 6121 ≅≅

          This is the power produced by
each group of 6 spheres  as shown in
Fig.2a. Obviously additional similar
groups can increase the total power.
          An electric generator coupled at
this motor can produce for one month
an amount of electric energy W  given
by
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          We recall that the  monthly
residential consumption of electric
energy of more than 99.7% of the
Earth's residences is less than
800kwh.

3. Gravitational  Spacecraft

         In a previous paper4 (Appendix
B) we have  presented a new concept
of spacecraft and aerospace flight.
         The new spacecraft, namely
Gravitational Spacecraft,  works by
means of the gravity control.
         The conception of the
Gravitational Spacecraft is based on

                    A

                                        S
             B

                                                                C

   If  the  gravitational mass  of  the  spherical
   shell  S  is equal to ZERO  ( 0=gSM ) then

   the gravitational forces between the bodies
   A,B,C and S are the following:

   
µ̂

r

mm
GFF BA

BAAB 2
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0
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=−=

=−=
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SCCS
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CBBC

CAAC

FF

FF

FF
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��

��

 Fig.1-The Concept of Gravitational Shielding.

The interchange of gravitons
between A and C, B and C is
blockaded by S.

} MgS=0
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the fact that it is possible to make
negative the gravitational mass of a
body. Thus, we can imagine a
spacecraft with positive +

gM  and

negative  −
gM  gravitational masses in

such manner that its total gravitational
mass gM is given by  −+ += ggg MMM .

The negative masse can be supplied
by means of a system-G 4 ( Appendix
A ) or by means of  an EL material  as
the phosphor (ZnS:Ag ), in agreement
with we have seen in the §1 of this
paper.
          In that case, to understand how
it works, let us imagine an aircraft,
which is totally  coated with a  layer of
ZnS:Ag. When a appropriated voltage
VAC  with frequency fAC  is applied on
the metallic surface of  the aircraft, the
phosphor emits a fluorescent radiation
(blue light ; Hz6.5f 1410×=  ) and
consequently, as we have seen, inside
the phosphor this fluorescent radiation
will fall upon the electrons,
consequently changing, their
gravitational masses. Under these
circumstances the  gravitational
masses of the electrons, according to
Eq. (2), will be given by:
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where V is the volume of the phosphor
layer upon the aircraft.
          If  K>>1 the gravitational masses
of the electrons will be given by

( )7ege Kmm −≅

          Consequently, from the Eq. (4)
we can write  the gravitational mass of
the phosphor layer gsM
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where ism is the inertial mass of the
phosphor layer.
          If ( )npe mmKm +>>  the equation

(8) reduces to

( ) ( )9is
npe

e
gs m

mmm

Km
M

++
−

≅

Thus we can write the total
gravitational mass gaM of the aircraft

i.e.,
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gaM  is the positive gravitational mass

of the aircraft.
          Consequently we can decrease
the gravitational mass of the aircraft
increasing the value of K. In practice
will be possible to reduce the value of

gaM  up to some milligrams.

           On the other hand, considering
the new expression for the inertial
forces, i.e.,  aMF g

�
�

=  deduced in a

previous paper4 , we can conclude that
the aircraft can acquires an enormous

acceleration         
gaM

F
a

�

�

=  simply

reducing its gravitational mass. In
addition it  is easy to see that the
inertial effects on the aircraft will be
strongly reduced due to the  reduction
of  its gravitational mass. This is
fundamentally a new concept of
aerospace flight .
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 A  Possibility of Gravity Control in Luminescent Materials
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Abstract

          It was demonstrated (gr-qc/9910036) that the gravitational and inertial
masses are correlated by  an adimensional factor, which depends on the incident ( or
emitted)radiation upon the particle. There is a direct correlation between the radiation
absorbed( or radiated) by the particle and its gravitational mass, independently of the
inertial mass. Only in the absence of electromagnetic radiation the mentioned factor
becomes equal to one. On the other hand, in specific electromagnetic conditions, it
can be reduced,  nullified  or made   negative. This means that there is the possibility
of the gravitational masses can be reduced, nullified or made negative by means of
electromagnetic radiation. This unexpected theoretical result  was  confirmed  by  an
experiment using Extra-Low Frequency(ELF) radiation  on ferromagnetic material
(gr-qc/0005107). Recently another experiment using UV light on phosphorescent
plastic have confirmed  the phenomenon. We present a complete explanation for the
alterations of the gravitational field in luminescent  materials. This work  indicates that
the alterations of the gravitational field can be sufficiently strong to invert  the gravity
on luminescent materials.

Introduction

          It is known that the physical
property of mass has two distinct
aspects, gravitational mass mg and
inertial mass mi . Gravitational mass
produces and responds to gravitational
fields. It supplies the mass factors in
Newton's famous inverse-square law
of gravity(F12=Gmg1mg2 /r12

2). Inertial
mass is the mass factor in Newton's
2nd Law of Motion (F=mia).
          In a previous paper1 we have
shown that the gravitational mass and
the inertial mass are correlated by an
adimensional  factor, which depends
on the incident radiation upon the
particle. It was shown that only in the
absence of electromagnetic radiation
this factor becomes equal to 1 and
that, in specific electromagnetic

conditions, it can be reduced,  nullified
or made   negative.
      The general expression of
correlation between gravitational mass
mg and inertial mass mi , is given by
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where the momentum  q  , according to
the Quantum Mechanics, is given by
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where  U  is the electromagnetic
energy absorbed (or emitted) by the
particle; v  is the velocity of the
incident( or emitted) radiation. It can be
shown that
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where  ; ε ,µ and σ,   are the
electromagnetic characteristics of the
outside medium around the particle in
which the incident radiation is
propagating             ( 0εεε r=  where rε
is the relative electric permittivity and

mF /10854.8 12
0

−×=ε  ; 0µµµ r=  where

rµ is the relative magnetic permeability

and mH /104 7
0

−×= πµ ). For an atom
inside  a body , the incident(or emitted)
radiation on this  atom will be
propagating inside the body , and
consequently , σ = σbody , ε = εbody,
µ =µbody.
          By substitution of  Eqs.(2) and
(3) into Eq.(1), we obtain
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 In the equation above rn  is the
refractive index , which is given by:
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c is the speed in vacuum and v  is the
speed in medium.
          If the incident(or emitted)
radiation is monochromatic and has
frequency f , we can put nhfU = in
Equation(4), where n  is the number of
incident (or radiated) photons on the
particle of mass im . Thus we obtain
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In that case, according to the Statistical
Mechanics, the calculation of  n  can
be made based on the well-known
method of Distribution Probability . If all
the particles inside the body have the
same mass im , the  result  is

)7(a
A

N
n =

where  AN /   is the average density  of
incident (or emitted) photons on the
body;  a  is the area of the surface of a
particle of  mass   im   from the body.
          Obviously  the power P  of  the
incident  radiation   must   be

2/ NhftNhfP =∆= , thus we can write
2/ hfPN = . Substitution of N  into

Eq.(7) gives
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where D  is the power density of the
incident( or emitted) radiation. Thus
Eq.(6) can be rewritten in the following
form:
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For  ωεσ >>  Eq.(3) reduces to
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By substitution of Eq.(10) into Eq.(9)
we obtain
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This equation shows clearly that,
atoms (or molecules) can have their
gravitational  masses   strongly
reduced  by means of Extra-Low
Frequency  (ELF) radiation.
      We have built a system (called
System G) to verify the effects of the
ELF radiation on the gravitational mass
of  a body . In the system G, a 60Hz
frequency  radiation was produced by
an ELF antenna. A thin layer of
annealed pure iron around the antenna
( toroid form ) have absorbed all the
ELF radiation.
        In this annealed iron toroid

25000=rµ  ( 025000µµ = ) and

mS /1003.1 7×=σ .The power density
D  of the incident ELF radiation reach
approximately  10Kw/m2 . By
substitution of these values into Eq.11)
it is easy to conclude the obtained
results.
          The experimental setup and the
obtained results were presented in a
paper2 .
          The experiment above
mentioned have confirmed that the
general expression of correlation
between gravitational mass and inertial
mass (Eq.4) is correct. In practice, this
means that the gravitational forces can
be reduced, nullified and inverted by
means of electromagnetic radiation.
          Recently another experiment
using UV light on phosphorescent
materials have confirmed  the
phenomenon3.
           In this paper we present a
complete explanation for the
alterations of the gravitational field in
luminescent ( photo, electro, thermo
and tribo )materials. It was shown that
the alterations of the gravitational field
can be sufficiently strong to invert  the
gravity on luminescent materials .

1.Theory

           When the material is
luminescent, the radiated photons
number  n , radiated from the
electrons, cannot be calculated by the
Eq.(7), because, according to the
quantum statistical mechanics, they
are undistinguishable photons of
varying frequencies and consequently
follow the Einstein-Bose statistics. In
that case, as we know,  the number  n
( n  is the number of photons with
frequency between  f  and f+∆f ) will
be given by
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Thus, assuming Hzf 1≅∆  (quasi-mono
chromatic ) we obtain
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where  cmh ic /=λ  is the Compton

wavelength for the particle of mass im

and  λ  is the average wavelength of
the light emitted from the particle ;V  is
the volume of the body which contains
the particle .
          By substitution of Eq.(12) into
Eq.(6) we obtain
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For  ωεσ <<  the Eq.(3) reduces to
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Consequently  Eq.(13) can be rewritten
In the following form
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For electrons  kgmm ei
311011.9 −×==

and  melectronsc
12

)( 1042.2 −×=λ .For atoms
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hand, if
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Then Eq.(14)  reduces to
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          In the Hardeman experiment 3

658.0
8 32

3
≈
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Vπ

Consequently, from Eq.(15) we obtain
for the electrons of the luminescent
material:

)()(
605.0 electonsielectronsg mm ≈

          This means a 39.5% reduction
in  gravitational masses of the
electrons of the atoms of the
phosphorescent material. Thus, the
total reduction in gravitational mass of
the phosphorescent material will be
given by

%011.0%100
605.0 −≈×

++
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mmm

mm

Exactly the value obtained in the
Hardeman experiment.
           Now we  will calculate the
power    of  UV radiation, necessary to
produce the reduction of weight,
detected by Hardeman in the
phosphorescent material.

            According to the Quantum
Statistical Mechanics the gas of
photons inside a luminescent material
has a average number of photons  N  ,
where
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This means that the UV power P
should have the following value
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For nm365=λ (UV light ).The
equation above gives

WP 68≈

          From the Electrodynamics we
know that a radiation with frequency  f
propagating within a material with
electromagnetic characteristics ε, µ
and σ has the amplitudes of its waves
decreased of e−1=0.37 (37%) when it
penetrates  a distance  z, given by
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The radiation is totally absorbed if it
penetrates a distance δ≅ 5z.
              Thus, if we put under UV
radiation (λ=365nm , > 68w) a sheet of
phosphorescent    plastic   with
σ<<1S/m  and   ε>ε0 ; µ>µ0, the Eq.
above tell us that  z >> 5mm.
Consequently, we can assume that
the UV radiation at 365nm has a good
penetration within the  plastic sheet
above ( thickness = 2mm).
               On the other hand, if we
assume that the sheet has  an  index
of refraction nr~1,  thus , according to
Eq.(15), for f~6×1014Hz (green light
radiated from the sheet), the
gravitational mass of the electrons of
the sheet will be NEGATIVE and given
by
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Thus, the total reduction in
gravitational mass of the sheet of
phosphorescent material will be
given by
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 If V=2m×1.36m×0.002m=0.00544m3

we will have a reduction of
approximately 100%.

2.The Gravitational Motor

         For  ωεσ >> , as we have seen ,
Eq.(3) reduces to Eq.(10),i.e.,

µσ
π f

v
4=

Consequently  Eq.(13), for cλλ >> ,
can be  rewritten in the following form,
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The difference between Eq.(20) and
Eq.(15) is in exponent of the index of
refraction  rn .
          Both Eq.(15) and Eq.(20) tell us
that luminescent materials  with high
refractive indices can be very efficients
in gravity control technology .
           In the particular case of the
Gravitational Motor ( presented in a
previous paper4 ) these materials can
simplify its construction.
           Let us consider figure 1 where
we present a new design for the
Gravitational Motor based on
electroluminescent  materials.
           The average mechanical power
P  of the motor is
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where   ( )rRRr ∆+−= 0 , (see Fig.1-a)

and gm is the gravitational mass of the

electroluminescent  material inside  the
left-half of the rotor ( when NEGATIVE,
obviously )  ( see rotor in Fig.1). It is
easy to show that gm  may be written in

the form
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where  kgmm np
271067.1 −×==  are the

masses of the proton and  neutron
respectively   and   K ,  in agreement
with  Eq.(20),  is  given by

)23(
8

2 4
3

2









≈ rn

c

Vf
K

π

By substitution of Eq.(23) into Eq.(22)
we obtain

)24(
8

2 4
3

2

i

npe

e
rg m

mmm

m
n

c

Vf
m







î





++







−≅ π

          But the electroluminescent (EL)
material of the rotor is divided in disks
to reduce the gravitational pressure on
them(see Fig.1-b). These disks(
organic luminescent material) are
between electrodes and submitted to
suitable alternating voltage V∆  to emit
blue light( frequency hzf 14105.6 ×= ).
Thus, according to Eq.(24), the
gravitational mass 1

gm  of  one EL disk,

(with  volume ξπ 2
0RV =          where
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ξ,0R  are respectively, the radius and

the thickness of  the EL disk), is given
by
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          For example,  if  the rotor has
mmLmmR 1350;627 ==  and the EL

disks:

12.0

;45;/800;190 3
0

≅=

=≅=

rnandmm

mmmkgmmR

χ

ξρ

then the gravitational mass of each EL
disk (ON) is

4014;4.41 ≅−≅ Kkgmg

 If the left-half of the rotor has

602 =
+
−=

χξ
χL

Nl  EL disks(ON), then

 the  total  gravitational  mass    gm    is

 kgmNm glg 2641 ==

Thus, according to Eq.(21) the power
of the motor  is

( ) ( ) ( )
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A electric generator coupled at this
motor can produce for one month an
amount of electric energy W  given by

Kwhj

swtPW

3800104.1

)1059.2)(5300(.

10

6

≅×=

=×=∆=

          It is important to note that if
2≅rn  the power of the motor

increases to approximately 112 HP!

3. Conclusion

         We have studied the possibility
to control the gravity on  luminescent
materials and have concluded  that
eletroluminescent materials with high
refractive indices are  a new  and
efficient solution for the gravity control
technology . Particularly in the case of
the gravitational motors.
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APPENDIX  A

       It is important to note that the
momentum  q  in Eq.(1) can be also
produced by an Electric and/or
Magnetic field if the particle has an
electric charge Q .
       In that case, combination of
Lorentz’s Equation  BVQEQF

����

×+= 0

and   amF g

��

=  (see reference 1, p.78-

Eq.(2.05)) gives
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In the particular case of an oscillating
particle( frequency ftf /1, =∆ ) we
have
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       Let us consider a parallel-plate
capacitor where  d  is the distance
between the plates; V∆ is the applied
voltage; dVE /0 ∆=  is the external
electric field. Inside the dielectric the
electric field is rEE εεσ // 0==  where
σ  (in C/m2) is the density of electric
charge and  0εεε r= .
       Thus the charge  Q  on each
surface of the dielectric is given by

SQ σ=  ( S  is the area of the surface).
Then we have

)3()()( 000 ASESESESQ r εεεεσ ====

Within the  field 0E ,the charge Q  (or
“charge layer”) acquire a momentum
q  , according to Eq.(A2), given by
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       Assuming that in the dielectric of
the capacitor there is *N layers of
dipoles with thickness ξ  approximately
equal to the diameter of the atoms ,i.e.,

ddN 10* 10≅= ξ  then, according to
Eq.(1), for cmq i>> , the gravitational

mass  *
gm  of each dipole  layer  is
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Thus, the total gravitational mass gm

of the dielectric may be written in the
form

)6(102 2010** AV
fcd
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×−≅= ε

For example, if we have
mmdHzfmSKVV 1;10;01.0;50 22 =≅==∆

Eq.(A6) gives

kgmg 15.0−≅

Possibly this is the explanation for the
Biefeld-Brown Effect.



POSSIBILITY OF CONTROL OF THE  GRAVITATIONAL MASS
BY MEANS OF EXTRA-LOW FREQUENCIES RADIATION

Fran De Aquino*

Physics Department, Maranhao State University, S.Luis/ MA, Brazil.

      According to the weak form of Einstein’s general relativity equivalence principle, the
gravitational and inertial masses are equivalent. However recent calculations have revealed
that they are correlated by an adimensional factor, which is equal to one in absence of
radiation only. We have built an experimental system to check this unexpected theoretical
result. It verifies the effects of the extra-low frequency (ELF) radiation on the gravitational
mass of a body. We show that there is a direct correlation between the radiation absorbed by
the body and its gravitational mass, independently of the inertial mass.

Introduction

                                          
* Permanent Address: R.Silva Jardim, 521-centro, 65020-560 S. Luis/MA, Brazil.( E-mail: deaquino@uema.br ).

The physical property of mass has two
distinct aspects, gravitational mass mg

and inertial mass mi . Gravitational
mass produces and responds to
gravitational fields. It supplies the mass
factors in Newton's famous inverse-
square law of gravity(F12=Gmg1mg2

/r12
2). Inertial mass is the mass factor

in Newton's 2nd Law of Motion
(F=mia). One of the deep mysteries of
physics is the correlation between
these two aspects of mass. Several
experiments1-6 have been carried out
since the century XIX to try to verify the
correlation between gravitational mass
mg and  inertial mass mi.
      In a recent paper7 we have shown
that the gravitational mass and the
inertial mass are correlated by an
adimensional  factor, which depends
on the incident radiation upon the
particle. It was shown that only in the
absence of electromagnetic radiation
this factor becomes equal to 1 and
that, in specific electromagnetic
conditions, it can be reduced,  nullified
or made   negative. This means that
there is the possibility of control of the
gravitational mass by means of the
incident radiation.
      The general expression of
correlation between gravitational mass
mg and inertial mass mi , is given by
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The electromagnetic characteristics,
ε ,µ and σ  do not refer to the particle,
but to the outside medium around the
particle in which the incident radiation
is propagating. For an atom inside  a
body , the incident radiation on this
atom will be propagating inside the
body , and consequently , σ = σbody ,
ε = εbody, µ =µbody. So, if ω << σbody/εbody

, equation above reduces to
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where ma  is the inertial mass of the
atom .
      Thus we see that, atoms (or
molecules)can have their gravitational
masses   strongly reduced  by means
of extra-low frequency (ELF) radiation.
      We have built a system to verify
the effects of the ELF radiation
on the gravitational mass of  a body .
In this work we present the
experimental set-up and the results
obtained.

Experimental
      Let  us  consider  the  apparatus  in
figure  1 .  The  Transformer   has   the
following characteristics:
• Frequency : 60 Hz



• Power : 11.5kVA
• Number of turns of coil : n1 = 12, n2 = 2
• Coil 1 : copper wire 6 AWG
• Coil 2 : ½ inch diameter copper rod

(with insulation paint).
• Core area:502.4cm2 ;φ=10 inch (Steel)
• Maximum input voltage : V1

max = 220 V
• Input impedance : Z1 = 4.2 Ω
• Output impedance : Z2 < 1m Ω    ( ELF

antenna  impedance : 116 mΩ )
• Maximum output voltage  with coupled

antenna : 34.8V
• Maximum output current with coupled

antenna : 300 A
      In the system-G the annealed pure
iron has an electric conductivity σi

=1.03×107S/m, magnetic permeability
µi = 25000µ0 

8,thickness 0.6 mm ( to
absorb the ELF radiation produced by
the antenna).The iron powder which
encapsulates the ELF antenna has σp

≈10 S/m ;µp ≈ 75µ0 
9. The  antenna

physical length is  z0 = 12 m, see
Fig.1c.The power radiated  by the
antenna can be calculated  by the well-
known general expression, for z0 << λ :

P = (I0 ωz0 )2/ 3πεv3 {[1+ (σ/ωε )2 ]½ +1}   (3)

where  I0 is the antenna current
amplitude ; ω = 2πf ; f =60Hz ; ε =εp ;
σ =σp  and   v   is the wave phase
velocity  in the iron powder ( given by
Equation1.02 , in reference [1] ). The
radiation efficiency    e = P / P+Pohmic

is nearly 100%.
      Each atom of the annealed iron
toroid absorbs an ELFenergy U=ηPa /f,
where η is a particle-dependent
absorption coefficient (the maxima  η
values occurs, as we know, for the
frequencies of the atom’s absorption
spectrum ) and  Pa is the incident
radiation power on the atom ; Pa=DSa

where Sa is the atom’s geometric cross
section and  D=P/S  the radiation
power density on the iron atom ( P is
the power radiated  by the antenna
and S  is the area of the  annealed iron
toroid (S = 0.374 m2,see Fig.1b) . So,
we can write :

U =ηSa(I0z0)
2ω/3Sεiv

3{[1+(σi/ωεi )
2]½+1}  (4)

 Consequently, according to Eq.(1) , for
ω<<σi/εi , the  gravitational masses of
these iron atoms, under these
conditions, will be given by :

mg = ma−2{[1+4.4×10−9 I04]½−1}ma       (5)

Equation above shows  that the
gravitational masses (mg ) of the atoms
of the annealed pure iron toroid can be
nullified for  I0 = 129.83A. Above this
critical value the gravitational  masses
becomes negatives (antigravity).

Results and Discussion
      Figure 2 presents the results  of mg

calculated by means of  Eq.5, plotted
as a function of current  I0  , for
µi = 25000µ0 ; σi =1.03×107 S/m ;
σp ≈10 S/m ;  µp ≈ 75µ0 ; z0 = 12 m.
      The experimental results obtained
( see Table1) are plotted on said figure
to be compared with those supplied by
the theory.
      It is important to note that, in
practice, when I0 = 130.01A the
gravitational mass of system-G
reduces to  5.80kg ; exactly equal to
the mass of the steel toroid  (see fig.1).
This occurs due to  gravitational mass
of the annealed pure iron toroid to
become null when I0 =130.01A
(Exactly as predicted by the theory.
i.e., the gravitational masses of the
atoms of the annealed iron toroid
become null for  I0 = 129.83A).
      Under these circumstances, the
toroid doesn’t interact gravitationally
with the Universe, and consequently ,
there can be no gravitational
interaction between the matter inside
the toroid and the rest of the Universe.
Therefore, the gravitational mass of
system-G reduces to the mass of the
steel toroid , which is outside the
annealed iron toroid.

             
Conclusion
      This experiment ( carried out by
the author on January 27, 2000)



provides a strong evidence that the
general expression of correlation
between gravitational mass and inertial
mass (Eq.1) is true. So, we can easily
conclude that the gravitational forces
can be reduced, nullified and inverted
by means of  electromagnetic radiation .
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                                                                                               Connection cables
                                   dynamometer                             4/0 AWG 19 wires ; 20 cm

                                                                                                 Transformer
                          System-G
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(a) Experimental set-up

                                   ELF antenna (dipole elements in superimposed spirals;
                                totally encapsulated in the iron powder)
                                   Iron powder
                                   Annealed pure iron ; thickness=0.6mm
                                       2½  inch  diameter  steel toroid                                                

                                                                                                                                     63.5mm

                                         320mm                         320mm

(b) Cross section of the System - G

                                                                            spiral 1(dipole element 1)length=Z0 / 2=6m
                                                                                      1

                                                                           2                    2
            2   1   2                       2   1    2               1                    1

                                                                                       2
                                                                           spiral 2(dipole element 2)length=Z0 / 2=6m
                                                                     Three turns of spiral for each dipole element
                                                           ( copper rod with insulation paint ; ½ inch diameter )

                                             Antenna Top View

                               1        2         (c) Spiral antenna arrangement

           Fig. 1 – Schematic View of the Experimental Apparatus
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Fig.2 – Comparison between experimental data(  ) and theory (solid line).



             mg (kg)        I0
       (A)     Theory     Exper.
          0      34.85     34.85
        50      34.80     34.83
      100      34.17     34.26
      130.01        5.80       5.80
      150      32.14     32.25
      200      28.61     28.68
      250      23.75     23.80
      300      17.68     17.69

          Table 1
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A method is proposed in this paper to generate a repulsive gravitational force field, which can strongly repel material 
particles, while creating a gravitational shielding that can nullify the momentum of  incident particles (including 
photons). By nullifying the momentum of the particles and photons, including in the infrared range, this force field 
can work as a perfect thermal insulation. This means that, a spacecraft with this force field around it, cannot be 
affected by any external temperature and, in this way, it can even penetrate (and to exit) the Sun without be damaged 
or to cause the death of the crew. The repulsive force field can also work as a friction reducer with the atmosphere 
(between an aeronave and the atmosphere), which allows traveling with very high velocities through the atmosphere 
without overheating the aeronave. The generation of this force field  is based on the reversion and intensification of 
gravity by electromagnetic means. 
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1. Introduction 
           
          The Higgs field equations are [1]: 
 

( ) ( )1022
02

1 =−+∇∇ abba fm ϕϕϕϕμμ

 
Assuming that mass  is the gravitational mass 

, then we can say that  in Higgs field the term 

 arises from a product of positive and 

negative gravitational masses 

0m

gm

02 <gm

( )( ) 2
ggg mmm −=−  , 

however it is not an imaginary particle. Thus, 
when the Higgs field is decomposed, the positive 
gravitational mass is called particle, and 
spontaneous gives origin to the mass; the 
negative gravitational mass is called “dark 
matter”. The corresponding Goldstone boson is 
( ) ( ) 0=−++ gg mm , which is a symmetry, 
while the Higgs mechanism is spontaneously 
broken symmetry. Thus, the existence of the 
Higgs bosons [2] implies in the existence of 
positive gravitational mass and negative 
gravitational mass.  
          On the other hand, the existence of 
negative gravitational mass implies in the 
existence of repulsive gravitational force. Both in 
the Newton theory of gravitation and in the 
General Theory of Relativity the gravitational 
force is exclusively attractive one. However, the 
quantization of gravity shows that the 
gravitational forces can also be repulsive [3]. 
          Based on this discovery, here we describe a 
method to generate a repulsive gravitational 
force field that can strongly repel material 
particles  and  photons  of  any frequency. It  was  
developed  starting  from  a process patented in 
July, 31 2008 (BR Patent Number: PI0805046-5) 
[4].  

 
2. Theory      
     
          In a previous paper [5] it was shown that, if 
the weight of a particle in a side of  a lamina is 

gmP g
rr

=  ( gr  perpendicular to the lamina) 
then the weight of the same particle, in the other 
side of the lamina is gmP g

rr
χ=′ , where 

0ig mm=χ  (  and  are respectively, the 
gravitational mass and the inertial mass of the 
lamina). Only when

gm 0im

1=χ , the weight is equal in 
both sides of the lamina. The lamina works as a 
Gravitational Shielding. This is the Gravitational 
Shielding effect. Since ( ) ( )gmgmPP gg χχχ ===′ , 

we can consider that gg mm χ=′  or that 
gg χ=′ .  

          If we take two parallel gravitational 
shieldings, with 1χ  and 2χ  respectively, then 
the gravitational masses become: gg mm 11 χ= , 

ggg mmm 21122 χχχ == , and the  gravity will 

be given by gg 11 χ=  , ggg
21122 χχχ == . 

In the case of multiples gravitational shieldings, 
with nχχχ ...,,2,1 , we can write that, after the nth 
gravitational shielding the gravitational 
mass, , and the gravity, , will be given by gnm ng
 

( )2...,... 321321 ggmm nngngn χχχχχχχχ ==
 
This means that,  superposed gravitational 
shieldings with different

n
1χ , 2χ , 3χ ,…, nχ are 

equivalent to a single gravitational shielding with 
nχχχχχ ...321= . 
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(b) 
 Fig. 1 – Plane and Spherical Gravitational
Shieldings. When the radius of the gravitational 
shielding (b) is very small, any particle inside the 
spherical crust will have its gravitational mass given
by gg mm χ=′ , where gm is its gravitational mass out
of the crust. 
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(b) 
 Fig. 2 – The gravity acceleration in both sides of the
gravitational shielding.  

χ  

 
           

   
 
                grχ                                  gr′  
  
 
                 gr                                  gr ′χ  
 
Fig. 3 – Gravitational Shielding (GS). If the gravity
at a side of the GS is gr  ( gr  perpendicular to the 
lamina) then the gravity at the other side of the GS is 

grχ .  Thus, in the case of gr  and gr′  (see figure 
above) the resultant gravity at each side is 

gg rr ′+ χ and gg rr χ+′ , respectively. 

χ  G S

 
          The extension of the shielding effect, i.e., 
the distance at which the gravitational shielding 
effect reach, beyond the gravitational shielding, 
depends basically of the magnitude of the 
shielding's surface. Experiments show that, when 
the shielding's surface is large (a disk with radius 

) the action of the gravitational shielding 
extends up to a distance  [
a

ad 20≅ 6]. When the 
shielding's surface is very small the extension of 
the shielding effect becomes experimentally 
undetectable .
    

  
 
 
 
 
 
                                          d ≅ 20a 
 
 
 
                                                                     
                                                                    d
 
 
 
 
                              a                             a          
                          (A)                                   (B) 
 
Fig. 4 - When the shielding's surface is large the 
action of the gravitational shielding extends up to a 
distance ad 20≅ (A).When the shielding's surface 
is very small the extension of the shielding effect
becomes experimentally undetectable (B).    
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          The quantization of gravity shows that the 
gravitational mass mg and inertial mass mi are 
correlated by means of the following factor [3]: 
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where  is the rest inertial mass of the particle 
and  is the variation in the particle’s kinetic 
momentum;  is the speed of light.   

0im
pΔ

c
      In general, the momentum variation pΔ  is 
expressed by tFp ΔΔ =  where  is the   
applied force during a time interval

F
tΔ . Note that 

there is no restriction concerning the nature of 
the force , i.e., it can be mechanical, 
electromagnetic, etc. 

F

          For example, we can look on the 
momentum variation pΔ   as due to absorption or 
emission of electromagnetic energy. In this case, 
substitution of ( )( ) cEnvvccvEvEp rΔ=Δ=Δ=Δ  
into Eq. (1), gives 
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By dividing EΔ  and  in Eq. (4) by the 
volume of the particle, and remembering 
that,

0im
V

WVE =Δ , we obtain 
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where ρ  is the matter density ( )3mkg . 
      Based on this possibility, we have developed 
a method to generate a repulsive gravitational 
force field that can strongly repel material 
particles.  
          In order to describe this method we start 
considering figure 5, which shows a set of  
spherical gravitational shieldings, with 

n

nχχχ ...,,2,1 , respectively. When these 
gravitational shielding are deactivated, the 
gravity generated is 2

0
2 rGmrGmg sigs −≅−= , 

where  is the total inertial mass of the  
spherical gravitational shieldings. When the 
system is actived, the gravitational mass becomes 

sim 0 n

( ) sings mm 021 ...χχχ= , and the gravity  is given 
by  

( ) ( ) ( )6...... 2
02121 rGmgg sinn χχχχχχ −==′

 
 
 

  
 
 
                                                                              
 
                                                                             
                                                                         
                                                        
                                                                       
 
 
 
  
 
 
 

 
 

 
 
 
 
Fig. 5 – Repulsive Gravitational Field Force produced by
the Spherical Gravitational Shieldings (1, 2,…, n).  
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If we make ( )nχχχ ...21  negative ( n  odd) the 
gravity g ′  becomes repulsive, producing a 
pressure upon the matter around the sphere. 
This pressure can be expressed by means of the 
following equation 

p

( ) ( )

( ) ( )7

0

gx

S
gxS

S
gm

S
Fp

matteri

matterimatteri

′Δ=

=
′Δ

=
′

==

ρ

ρ

Substitution of  Eq. (6) into Eq. (7), gives 
 

( ) ( ) ( ) ( )8... 2
021 rGmxp simatterin Δ−= ρχχχ  

 
If the matter around the sphere is only the 
atmospheric air ( ), then, 
in order to expel all the atmospheric air from 
the inside the belt with - thickness (See 
Fig. 5), we must have . This requires 
that  

25 .10013.1 −×= mNpa

xΔ
app >

( )
( )

( )9...
0

2

21
simatteri

a
n xGm

rp
Δ

>
ρ

χχχ    

Satisfied this condition, all the matter is 
expelled from this region, except the 
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Continuous Universal Fluid (CUF), which 
density is [327 .10 −−≅ mkgCUFρ 7].  
          The density of the Universal Quantum 
Fluid is clearly not uniform along the 
Universe. At supercompressed state, it gives 
origin to the known matter (quarks, electrons, 
protons, neutrons, etc). Thus, the 
gravitational mass arises with the 
supercompression state. At the normal state 
(free space, far from matter), the local inertial 
mass of Universal Quantum Fluid does not 
generate gravitational mass, i.e., 0=χ . 
However, if some bodies are placed  in the 
neighborhoods, then this value will become 
greater than zero,  due to proximity effect, and 
the gravitational mass will have a non-null 
value. This is the case of the region with xΔ - 
thickness, i.e., in spite of all the matter be 
expelled from the region, remaining in place 
just the Universal Quantum Fluid, the 
proximity of neighboring matter makes non-
null the gravitational mass of this region, but 
extremely close to zero, in such way that, the 
value of 0ig mm=χ  is also extremely close to 
zero (  is the inertial mass of the Universal 
Quantum Fluid in the mentioned region).    

0im

          Another important equations obtained 
in the quantization theory of gravity is the 
new expression for the momentum  and 
gravitational energy of a particle with 
gravitational mass  and velocity v , which 
is given by [

q

gM

3]   
( )10vMq g

rr
=

( )112cME gg =

where 221 cvmM gg −= ;  is given by 

Eq.(1), i.e., . Thus, we can write 
gm

ig mm χ=

( )12
1 22 i

i
g M

cv

mM χ
χ

=
−

=

Substitution of Eq. (12) into Eq. (11) and Eq. 
(10) gives 

( )132cME ig χ=
 

( )14
λ

χχ h
c
vvMq i

r
rr
==

For , the momentum and the energy of the 
particle become infinite. This means that a 

particle with non-null mass cannot travel with 
the light speed. However, in Relativistic 
Mechanics there are particles with null mass that 
travel with the light speed. For these particles, 
Eq. (14) gives 

cv =

( )15
λ

χ hq =

Note that only for 1=χ  the Eq. (15) is reduced 
to the well=known expressions of DeBroglie 
( )λhq = . 
          Since the factor χ  can be strongly 
reduced under certain circumstances (See 
Eq.(1)), then according to the Eqs. (13) and 
(14), the gravitational energy and the 
momentum of a particle can also be strongly 
reduced. In the case of the region with xΔ - 
thickness, where χ  is extremely close to zero, 
the gravitational energy and the momentum 
of the material particles and photons become 
practically null.   
         By nullifying the gravitational energy and 
the momentum of the particles and photons, 
including in the infrared range, this force field 
can work as a perfect thermal insulation. This 
means that, a spacecraft with this force field 
around it, cannot be affected by any external 
temperature and, in this way, it can even 
penetrate (and to exit) the Sun without be 
damaged or to cause the death of the crew. The 
repulsive force field can also work as a friction 
reducer with the atmosphere (between an 
aeronave and the atmosphere), which allows 
traveling with very high velocities through the 
atmosphere without overheating the aeronave.
        Considering Eq. (8), for  at app = mr 6= , 
we can write that 

( )
( )

( )16
36

...
0

21
simatteri

a
n GMx

p
ρ

χχχ
Δ

−=

The gravitational shieldings  can be 
made very thin, in such way that the total inertial 
mass of them, for example in the case of 

( n,..,2,1 )

mrs 9.4≅ , can be assumed as . 

Thus, for 

kgM si 50000 ≅

mx 1=Δ  and ,   
Eq. (16) gives 

( )
3.2.1 −= mkgmatteriρ

( ) ( )17101.9... 12
21 mn ×−=χχχ

By making nχχχ === ...21 , then, for 7=n , 
we obtain the following value 
 

( )2200.71... 721 −==== χχχ
 



 5
          It is relatively easy to build the set of 
spherical gravitational shieldings with these 
values. First we must choose a convenient 
material, with density ρ  and refraction index 

, in such way that, by applying an 
electromagnetic field 

rn
E  sufficient intense 

( )2
0 EW ε= , we can obtain, according to Eq. 

(5), the values given by Eq. (22). 
          Since in the region with - thickness, 
the value of 

xΔ
χ  is extremely close to zero, we 

can conclude that the gravitational mass of the 
spacecraft, which is given by  

( ) sings mm 021 ...χχχχ= ,  becomes very small. 
This makes possible to the spacecraft acquire 
strong accelerations, even when subjected to 
small thrusts ( )gsmFa = [3]. On the other 
hand, with a small gravitational mass, the 
weight of the spacecraft will be also small. 
          Note that the Gravitational Repulsive 
Force Field aggregates new possibilities to the 
Gravitational Spacecraft, previously 
proposed [8], while showing that the 
performance of this spacecraft goes much beyond 
the conventional spacecrafts. 
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A process of teleportation is here studied. It involves holography and reduction of the gravitational mass of the 
bodies to be transported. We show that if a holographic three-dimensional image of a body is created and sent to 
another site and the gravitational mass of the body is reduced to a specific range, then the body will disappear and 
posteriorly will reappear exactly where its holographic three-dimensional image was sent.   
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.    
1. Introduction 
 
        During long time evidences have been 
shown that spacetime is holographic. A 
holographic principle has been conjectured 
to apply not just to black holes, but to any 
spacetime [1, 2, 3, 4]. Covariant holographic 
entropy bounds generalize to other 
spacetimes [5, 6]. Fully holographic theories 
have now been demonstrated, in which a 
system of quantum fields and dynamical 
gravity in N dimensions is dual to a system 
of quantum fields in N − 1 classical 
dimensions [7, 8, 9, 10, 11].  
          Recently, scientists from University of 
Arizona led by Nasser Peyghambarian have 
invented a system that creates holographic, 
three-dimensional images that may be 
viewed at another site [12]. Peyghambarian 
says the machine could potentially transport 
a person's image over vast distances. 
          Here, we show that if a holographic 
three-dimensional image of a body is created 
and sent to another site and the gravitational 
mass of the body is reduced to a specific 
range, then the body will disappear and 
posteriorly will reappear exactly where its 
holographic three-dimensional image was 
sent.   
 
2. Theory 
    
          From the quantization of gravity it 
follows that the gravitational mass mg and 
the inertial mass mi are correlated by means 
of the following factor [13]: 
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where  is the  rest  inertial  mass  of   the  0im

 
 
particle and pΔ  is the variation in the 
particle’s kinetic momentum;  is the speed 
of light.   

c

          This equation shows that only for 
0=Δp the gravitational mass is equal to the 

inertial mass.  
          In general, the momentum variation 

pΔ  is expressed by tFp ΔΔ =  where  is 
the   applied force during a time interval

F
tΔ . 

Note that there is no restriction concerning 
the nature of the force , i.e., it can be 
mechanical, electromagnetic, etc.          

F

          Equation (1) tells us that the 
gravitational mass can be negative. This fact 
is highly relevant because shows that the 
well-known action integral for a free-

particle: , , must be 

generalized for the following form (where 
can be positive or negative): 

∫−=
b

a
dscmS 0>m

gm

( )2∫−=
b

ag dscmS

or 
( )31 2222

1

dtcVcmS
t

t g −−= ∫
where the Lagrange's function is 

( )4.1 222 cVcmL g −−=

The integral dtcVcmS
t

t g
222 12

1
−= ∫ , 

preceded by the plus sign, cannot have a 
minimum. Thus, the integrand of Eq.(3) must 
be always positive. Therefore, if , 
then necessarily  ; if , then 

0>gm
0>t 0<gm

0<t . The  possibility of  is based on  
the well-known equation 

0<t
22

0 1 cVtt −±=  
of Einstein's Theory. 
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          Thus if the gravitational mass of a 
particle is positive, then t  is also positive 
and, therefore, given by 22

0 1 cVtt −+= . 
This leads to the well-known relativistic 
prediction that the particle goes to the future, 
if . However, if the gravitational mass 
of the particle is negative, then t  is negative 
and given by 

cV →

22
0 1 cVtt −−= . In this case, 

the prediction is that the particle goes to the 
past, if . Consequently,  is the 
necessary condition for the particle to go to 
the past. 

cV → 0<gm

          The Lorentz's transforms follow the 
same rule for  and , i.e., the 

sign before 

0>gm 0<gm
221 cV−  will be (  when 

 and  if . 
)+

0>gm ( )− 0<gm
          The momentum, as we know, is the 
vector VLp

rr
∂∂= .Thus, from Eq.(4) we obtain 

( )5
1 22

VM
cV

Vm
p g

g r
r

r
=

−±
=

The  sign in the equation above will be 
used when  and the  sign if 

. Consequently, we can express the 
momentum  in the following form  

( )+
0>gm ( )−

0<gm
pr

( )6
1 22

VM
cV

Vm
p g

g r
r

r
=

−
=

whence we get a new relativistic expression 
for the gravitational mass, i.e.,  

( )7
1 22 cV

m
M g

g
−

=

Note that  is not the gravitational mass at 
rest, which is obtained making  in Eq. 
(1), i.e., . In this case, the equation 
above reduces to the well-known Einstein’s 
equation: 

gm
0=Δp

00 ig mm =

22
0

1 cV

mM i
i

−
=  

       Substitution of Eq. (1) into Eq. (7) leads 
to the following equation 
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          It is known that the uncertainty 
principle can also be written as a function of 

EΔ  (uncertainty in the energy) and tΔ  
(uncertainty in the time), i.e., 

( )9. h≥ΔΔ tE
This expression shows that a variation of 
energy EΔ , during a time interval tΔ , can 
only be detected if Et Δ≥Δ h . Consequently, 
a variation of energy EΔ , during a time 
interval Et Δ<Δ h , cannot be 
experimentally detected. This is a limitation 
imposed by Nature and not by our 
equipments.  
          Thus, a quantum of energy 

hfE =Δ that varies during a time interval 
Ecft Δ<==Δ hλ1 (wave period) cannot 

be experimentally detected. This is an 
imaginary photon or a “virtual” photon. 
          Now, consider a particle with energy 

. The DeBroglie’s gravitational and 
inertial wavelengths are respectively 

2cM g

cMh gg =λ  and cMh ii =λ . In Quantum 
Mechanics, particles of matter and quanta of 
radiation are described by means of wave 
packet (DeBroglie’s waves) with average 
wavelength iλ . Therefore, we can say that 
during a time interval ct iλ=Δ , a quantum 
of energy  varies. According to the 
uncertainty principle, the particle will be 
detected if

2cME g=Δ

Et Δ≥Δ h  , i.e., if 2cMc gi h≥λ  
or πλλ 2gi ≥ . This condition is usually 
satisfied when . In this case, ig MM =

ig λλ =  and obviously, πλλ 2ii > . 
However, when   decreases gM gλ  increases 
and πλ 2g can become bigger than iλ , 
making the particle non-detectable or 
imaginary.     
          Since the condition to make the 
particle imaginary is  

π
λ

λ
2

g
i <

and  
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22
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Then we get 

159.0
2
1

=<
π

χ

However, χ  can be positive or negative 
( 159.0+<χ  or 159.0−>χ ). This means 
that when 
 

( )10159.0159.0 +<<− χ
 
the particle becomes imaginary.  
Consequently, it leaves our Real Universe, 
i.e., it performs a transition to the Imaginary 
Universe, which contains our Real Universe. 
The terms real and imaginary are borrowed 
from mathematics (real and imaginary 
numbers). 
          All these conclusions were originally 
deduced in a previous article [13].  
          Quantum Mechanics tells us that if an 
experiment involves a large number of 
identical particles, all described by the same 
wave function  , real density of mass  Ψ ρ  
of these particles in x, y, z, t is proportional 
to the corresponding value  (2Ψ 2Ψ  is 
known as density of probability. If Ψ  is 
imaginary then *ΨΨ=Ψ 2 . Thus, 

).  Similarly, in the case of 
imaginary particles, the density of imaginary 
gravitational mass, 

*.ΨΨ=Ψ∝ 2ρ

)(imaginarygρ , in x, y, z,  

will be expressed by . 

Since  is always real and positive and 

*2
)( ΨΨ=Ψ∝imaginarygρ

2Ψ

Vm imaginarygimaginaryg )()( =ρ  is an imaginary 
quantity then, in order to transform the 
proportionality above into an equation, we 
can write 

( )11)(
2

imaginarygk ρ=Ψ

Since the modulus of an imaginary number is 
always real and positive;  is a 
proportionality constant (real and positive) to 
be determined.   

k

           The Mutual Affinity is a dimensionless 
quantity with which we are familiarized and 
of which we have perfect understanding as to 
its meaning. It is revealed in the molecular 

formation, where atoms with strong mutual 
affinity combine to form molecules. It is the 
case, for example of the water molecules, in 
which two Hydrogen atoms join an Oxygen 
atom. It is the so-called Chemical Affinity. 
          The degree of Mutual Affinity, A , in 
the case of imaginary particles , respectively 
described   by the wave functions  1Ψ   and 

2Ψ , might be correlated to  and . Only 
a simple algebraic form fills the requirements 
of interchange of the indices, the product  

2
1Ψ 2

2Ψ
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AAA ===
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In the above expression, A  is due to the 

product  will be always positive. 
From equations (11) and (12) we get   
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          Since imaginary gravitational masses 
are equivalent to real gravitational masses 
then the equations of the Real Gravitational 
Interaction are also applied to the Imaginary 
Gravitational Interaction.  However, due to 
imaginary gravitational mass, , to 
be an imaginary quantity, it is necessary to 
put 

)(imaginarygm

)(imaginarygm  into the mentioned equations 
in order to homogenize them, because as we 
know, the module of an imaginary number is 
always real and positive.  
          Thus, based on gravity theory, we can 
write the equation of the imaginary 
gravitational field in nonrelativistic 
Mechanics.  

( )144 )( imaginarygG ρπ=ΔΦ

It is similar to the equation of the real 
gravitational field, with the difference that 
now instead of the density of real 
gravitational mass we have the density of 
imaginary gravitational mass. Then, we can 
write the general solution of Eq. (14), in the 
following form: 

( )152

(

∫−=Φ
r

dV
G imaginarygρ

This equation expresses, with nonrelativistic 
approximation, the potential of the imaginary 
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gravitational field of any distribution of 
imaginary gravitational mass. 
          Particularly, for the potential of the 
field of only one particle with imaginary 
gravitational mass , we get: )(imaginarygm

( )16)(

r
mG imaginaryg−=Φ

Then the force produced by this field upon 
another particle with imaginary gravitational 
mass is )(imaginarygm′

( )172

((

()()(

r

mm
G

r
mFF

imaginarygimaginaryg

imaginarygimaginarygimaginaryg

′
−=

=
∂
Φ∂′−=′−=

rr

 By comparing equations (17) and (13) we 
obtain  

( )1822
21

2112 rk
VVAGFF −=−=

rr
          

In the vectorial form the above equation is 
written as follows 

( )19ˆ
22
21

2112 μ
rk
VVGAFF −=−=

rr

Versor μ̂  has the direction of the line 
connecting the mass centers (imaginary 
masses) of both particles and oriented from 1 
to 2.      
          In general, we may distinguish and 
quantify two types of mutual affinity: 
positive and negative. The occurrence of the 
first type is synonym of attraction, (as in the 
case of the atoms in the water molecule) 
while the aversion is synonym of repulsion. 
In fact, Eq. (19) shows that the forces 12F

r
and 

21F
r

 are attractive, if A  is positive 
(expressing positive mutual affinity between 
the two imaginary particles), and repulsive if 
A   is negative (expressing negative mutual 
affinity between the two imaginary 
particles).  
          Now, after this theoretical background, 
we can explain the Gravitational 
Holographic Teleportation.  
          Initially, is created a holographic 
three-dimensional image of the bodies and 
sent to another site. The technology for this 
is already known [12]. Next, the 
gravitational masses of the bodies are 
reduced to a 

range 00 159.0159.0 igi mmm +<<− . When 
this occur the gravitational masses becomes 
imaginaries and the bodies perform transitions 
to the Imaginary Universe (leaving the Real 
Universe) (See Eq. (10)).  However, the physical 
phenomenon that caused the reduction of the 
gravitational masses of the bodies stays at the 
Real Universe. Consequently, the bodies return 
immediately to the Real Universe for the same 
positions they were before the transition to the 
Imaginary Universe. This is due to the 
Imaginary Gravitational Interaction between the 
imaginary gravitational masses of the bodies and 
the imaginary gravitational masses of the forms 
shaped by the bodies in the imaginary 
spacetime1 before the transition to the Imaginary 
Universe. These imaginary forms initially 
shaped by the bodies are preserved in the 
imaginary spacetime by quantum coherence 
effects [14, 15, 16, 17].   
         Since spacetime is holographic then an 
imaginary form shaped in imaginary spacetime 
by the holographic three-dimensional image of a 
body has much more similarity with the body 
than the imaginary form shaped in the imaginary 
spacetime by the real body. 
          Mutual affinity is directly related to 
similarity. This means that the degree of 
mutual affinity, A , between the imaginary 
bodies (which were sent to the Imaginary 
Universe) and the imaginary forms shaped by 
their holographic images is far greater than 
the degree of mutual affinity between the 
imaginary bodies and the imaginary forms 
shaped in the imaginary spacetime by the real 
bodies before the transition to the Imaginary 
Universe. Thus, according to Eq. (19), the 
bodies are strongly attracted to the 
holographic three-dimensional image placed 
in the far site. Consequently, the bodies do 
not return for the positions they were before 
the transition, they reappear as real bodies 
exactly where their holographic three-
dimensional images were sent. Thus, is 
carried out the teleportation of the bodies to 
the far site. Since the process combines 
holography and gravitation, we have called 
this process of Gravitational Holographic 
Teleportation.   
                                           
1 The real spacetime is contained in the imaginary 
spacetime. Such as  the set of real numbers is 
contained in the  set of imaginary numbers. 
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In this work we show that when possible transform some types of substance into a Bose-Einstein condensate at 
room temperature, which exists long enough to be used in practice then will be possible to use these substances 
in order to create efficient Gravitational Shieldings. 
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          The quantization of gravity shows that the 
gravitational mass mg and inertial mass mi are 
correlated by means of the following factor [1]: 
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where  is the rest inertial mass of the particle 
and  is the variation in the particle’s kinetic 
momentum;  is the speed of light.   

0im
pΔ

c
      In general, the momentum variation pΔ  is 
expressed by tFp ΔΔ =  where  is the   
applied force during a time interval

F
tΔ . Note that 

there is no restriction concerning the nature of 
the force , i.e., it can be mechanical, 
electromagnetic, etc. 

F

          For example, we can look on the 
momentum variation pΔ   as due to absorption or 
emission of electromagnetic energy. In this case, 
we can write that  
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where  is the real part of the propagation 

vector 
rk
k
r

; ir ikk|k|k +==
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 ; EΔ  is the 
electromagnetic energy absorbed or emitted by 
the particle;  is the index of refraction of the 
medium  and  is the phase velocity of the 
electromagnetic waves, given by:  
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 ε , μ and σ,   are the electromagnetic 
characteristics of the particle ( 0εεε r=  where rε  
is the relative electric permittivity and 

 ;mF /10854.8 12
0

−×=ε 0μμμ r=  where rμ is 
the relative magnetic permeability and 

).  m/H7
0 104 −×= πμ

          Thus, substitution of Eq. (2) into Eq. (1), 
gives 
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By dividing EΔ  and  in Eq. (4) by the 
volume of the particle, and remembering 
that,

0im
V

WVE =Δ , we obtain 
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where ρ  is the matter density ( )3mkg . 
          Equation (2) tells us that 

( ) ( ) ( ) dtEdvdtpdF Δ=Δ= 1 . Since  pressureW ≡
then we can write that ( ) ( ) vDAdtEdvAFW =Δ== 1 , 
where  is the power density of the absorbed (or 
emitted) radiation. Substitution of 

D
vDW = into 

Eq. (5) yields 
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          In a previous paper [2] it was shown that, if 
the weight of a particle in a side of a lamina is 

gmP g
rr

=  ( gr  perpendicular to the lamina) 
then the weight of the same particle, in the other 
side of the lamina is gmP g

rr
χ=′ , where 

0ig mm=χ  (  and  are respectively, the 
gravitational mass and the inertial mass of the 
lamina). Only when

gm 0im

1=χ , the weight is equal in 
both sides of the lamina. The lamina works as a 
Gravitational Shielding. This is the Gravitational 
Shielding effect. Since ( ) ( )gmgmPP gg χχχ ===′ , 

we can consider that gg mm χ=′  or that 
gg χ=′ .  
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(b) 
 Fig. 1 – Plane and Spherical Gravitational
Shieldings. When the radius of the gravitational 
shielding (b) is very small, any particle inside the 
spherical crust will have its gravitational mass given
by gg mm χ=′ , where gm is its gravitational mass out
of the crust. 
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(b) 
 Fig. 2 – The gravity acceleration in both sides of the
gravitational shielding.  
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          In 1999, Danish physicist Lene Hau et al., 
by passing a light beam through a Bose-Einstein 
condensate (BEC) of sodium atoms at nK, 
succeeded in slowing a beam of light to about 17 

meters per second [3]. In this case, the 
enormous index of refraction ( vcnr = )  of the 
BEC is equal to 17.6 million. Even higher 
refractive indices are expected (light speed as low 
as micrometer/sec).  
        According to Eq. (6), this strong decreasing 
of , shows that the values of v χ  in a BEC can 
be strongly reduced with small values of . This 
can be very useful to create Gravitational 
Shieldings.  

D

          The Hau’s experiment requires 
temperatures near absolute zero. However, at the 
beginning of 2013, Ayan Das and colleagues [4] 
have used nanowires to produce an excitation 
known as a polariton1. These polaritons formed a 
Bose-Einstein condensate at room temperature, 
potentially opening up a new way for studying 
systems that otherwise require expensive cooling 
and trapping. Instead of atoms, condensation was 
achieved using quasiparticles.  
          At the end of 2013 researchers at IBM’s 
Binning and Rohrer Nano Center have been able 
to achieve the BEC at room temperature by 
placing a thin polymer film2—only 35 
nanometers thick—between two mirrors and then 
shining a laser into the configuration [5]. The 
photons of the laser interact with excitions3 [6] 
leading to the onset of a new quasi-particle that 
exhibits properties of light and matter - 
Polaritons. Because polaritonic quasiparticles 
have extraordinarily light masses and they are 
bosons, they can condense together in a single 
quantum state. This makes for extremely unusual 
emitters, as well as new solid-state devices 
exhibiting Bose-Einstein condensation at room 
temperature. Unfortunately, this BEC state of 
matter only lasts for a few picoseconds. 
          When possible transform some types of 
substance into a Bose-Einstein condensate at 
room temperature, which exists long enough to 
be used in practice then will be possible to use 
these substances in order to create efficient 
Gravitational Shieldings, according to (6).  
                                           
1 Polaritons are quasiparticles resulting from strong 
coupling of electromagnetic waves with an electric or 
magnetic dipole-carrying excitation. 
 2 The luminescent plastic film is similar to that used in 
many smart phones for their light-emitting displays. 
 
3 An exciton is a bound state of an electron and an 
electron hole which are attracted to each other by the 
electrostatic Coulomb force. It is an electrically 
neutral quasiparticle that exists in insulators, 
semiconductors and in some liquids. The exciton is 
regarded as an elementary excitation of condensed 
matter that can transport energy without transporting 
net electric charge [6]. 
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Detonation velocities, greater than that generated by high explosives (~104m/s), can be achieved by using the 
gravitational technology recently discovered. This possibility leads to the conception of powerful shockwave 
weapons. Here, we show the design of a portable gravitational shockwave weapon, which can produce 
detonation velocities greater than 105m/s, and detonation pressures greater than 1010N/m2 .   
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1. Introduction 
 
          The most important single property of 
an explosive is the detonation velocity. It is 
the speed at which the detonation wave 
travels through the explosive. Typical 
detonation velocities in solid explosives often 
range beyond 3,000 m/s to 10,300 m/s [1]. 
          At the front of the detonation zone, an 
energy pulse or “shockwave” is generated 
and transmitted to the adjacent region.          
The shockwave travels outward as a 
compression wave, moving at or near 
detonation velocity. When the intensity of the 
shockwave exceeds the compression strength 
of the materials they are destroyed. If the 
mass of the body is too large the wave energy 
is simply absorbed by the body [2]. 
         The pressure produced in the explosion 
zone is called Detonation Pressure. It 
expresses the intensity of the generated 
shockwave. A high detonation pressure is 
necessary when blasting hard, dense bodies. 
Detonation pressures of high explosives are in 
the range from 106N/m2 to over 107 N/m2 [3].   
          Here, we show the design of a portable 
shockwave weapon, which uses the 
Gravitational Shielding Effect (BR Patent 
Number: PI0805046-5, July 31, 2008) in 
order to produce detonations velocities 
greater than 100,000m/s, and detonation 
pressures greater than 1010N/m2. It is 
important to remember that an aluminum-
nitrate truck bomb has a relatively low 
detonation velocity of 3,500 m/s (sound 
speed is 343.2m/s)*. High explosives such as  
 
                                           
* When a shockwave is created by high explosives it 
will always travel at high supersonic velocity from its 
point of origin.  
 

 
 
 
TNT has a detonation velocity of 6,900m/s; 
Military explosives used to destroy strong 
concrete and steel structures have a 
detonation velocity of 7,000 to 8,000 m/s [3].   
 
2. Theory 
 
          The contemporary greatest challenge 
of the Theoretical Physics was to prove that, 
Gravity is a quantum phenomenon. The 
quantization of gravity showed that the 
gravitational mass mg and inertial mass mi 
are correlated by means of the following 
factor [4]: 
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where  is the rest inertial mass of the 
particle and 

0im
pΔ  is the variation in the 

particle’s kinetic momentum;  is the speed 
of light.   

c

          When pΔ  is produced by the 
absorption of a photon with wavelengthλ , it 
is expressed by λhp =Δ . In this case, Eq. 
(1) becomes 
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 2
where cmh i00 =λ  is the De Broglie 
wavelength for the particle with rest inertial 
mass .   0im
           It was shown that there is an 
additional effect - Gravitational Shielding 
effect - produced by a substance whose 
gravitational mass was reduced or made 
negative [5]. The effect extends beyond 
substance (gravitational shielding) , up to a 
certain distance from it  (along the central 
axis of gravitational shielding). This effect 
shows that in this region the gravity 
acceleration, , is reduced at the same 
proportion, i.e.,

1g
gg

11 χ=  where 

01 ig mm=χ  and  is the gravity 
acceleration before the gravitational 
shielding). Consequently, after a second 
gravitational shielding, the gravity will be 
given by

g

ggg
21122 χχχ == , where 

2
χ  is 

the value of the ratio 0ig mm for the second 
gravitational shielding. In a generalized way, 
we can write that after the nth gravitational 
shielding the gravity, , will be given by ng
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          This possibility shows that, by means 
of a battery of gravitational shieldings, we 
can make particles acquire enormous 
accelerations.  In practice, this can lead to the 
conception of powerful particles accelerators, 
kinetic weapons or weapons of shockwaves. 
          From Electrodynamics we know that 
when an electromagnetic wave with 
frequency and velocity  incides on a  
material  with relative  permittivity 

f c

rε , 
relative magnetic permeability rμ  and 
electrical conductivity σ , its velocity is 
reduced to rncv =  where  is the index of 
refraction of the material, given by [

rn
6]  
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If  ωεσ >> , fπω 2= , Eq. (4) reduces to 
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Thus, the wavelength of the incident 
radiation (See Fig. 1) becomes 
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Fig. 1 – Modified Electromagnetic Wave. The 
wavelength of the electromagnetic wave can be
strongly reduced, but its frequency remains the same.

v = c v = c/nr 

λ = c/f λmod = v/f = c/nr f

nr 

  
        If a lamina with thickness equal toξ  
contains  molecules/mn 3, then the number of 
molecules per area unit is ξn . Thus, if the 
electromagnetic radiation with frequency 

incides on an area  of the lamina it 
reaches
f S

ξnS  molecules. If it incides on the 
total area of the lamina, , then the total 
number of  molecules reached by the 
radiation is 

fS

ξfnSN = .  The number of 
molecules per unit of volume, , is given by n

( )70

A
N

n
ρ

=

where  is 
the Avogadro’s number; 

kmolemoleculesN /1002.6 26
0 ×=

ρ  is the matter 
density of the lamina (in kg/m3) and A is the 
molar mass.                
          When an electromagnetic wave incides 
on the lamina, it strikes on  front 
molecules, where

fN
( ) mff SnN φ≅  , mφ  is the 

“diameter” of the molecule. Thus, the 
electromagnetic wave incides effectively on an 
area mf SNS=  , where 2

4
1

mmS πφ=  is the cross 

section area of one molecule. After these 
collisions, it carries out  with the 
other molecules (See Fig.2).   

collisionsn
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Fig. 2 – Collisions inside the lamina.   
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Thus, the total number of collisions in the 
volume ξS is 
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The power density, , of the radiation on the 
lamina can be expressed by 

D
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P
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           We can express the total mean number 
of collisions in each molecule, , by means 
of the following equation  

1n

 

( )101 N
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n collisionsphotonstotal=

 
Since in each collision a momentum λh  is 
transferred to the molecule, then the total 
momentum transferred to the lamina will be 

( ) λhNnp 1=Δ . Therefore, in accordance 
with Eq. (1), we can write that 
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Since Eq. (8) gives ξSnNcollisions = , we get 
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Substitution of Eq. (12) into Eq. (11) yields 
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Substitution of given by Eq. (9) into Eq. 
(13) gives 

P
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Substitution of ( ) mff SnN φ≅  and mf SNS =   
into Eq. (14) results 
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where ( ) ( ) ( )llli Vm ρ=0 .  
         Now, considering that the lamina is 
inside a ELF electromagnetic field with 
E and B , then we can write that [7] 
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Substitution of Eq. (16) into Eq. (15) gives 
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          Now assuming that the lamina is  a 
cylindrical air lamina (diameter = α ; 
thickness = ξ)  where  

( )
325

0 /106.2 mmoleculesANn l ×== ρ ;  

mm
101055.1 −×=φ ; 2202 1088.14 mS mm

−×==πφ , 
then, Eq. (17) reduces to 
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        An atomized water spray is created by 
forcing the water through an orifice.  The 
energy required to overcome the pressure 
drop is supplied by the spraying pressure at 
each detonation. Spraying pressure depends 
on feed characteristics and desired particle 
size. If atomizing water is injected into the air 
lamina, then the area  to be considered is 
the surface area of the atomizing water, 
which can be obtained by multiplying the 
specific surface area(SSA) of the atomizing 
water (which is given by 

fS

dww rVASSA ρρ 3== ) by the total mass of the 
atomizing water  ( ( ) ddropletswaterwwi NVm ρ=0 ). 

Assuming that the atomizing water is 
composed of monodisperse particles with 

mμ10  radius ( )mrd
5101 −×= , and that the 

atomizing water has  [38 /10 mdropletsN p ≈ 8] 

then we obtain kgmrSSA dw
23003 == ρ  and 

. Thus, we 

get  
( ) kgNVm ddropletswaterwwi

5
0 10−≈= ρ

 
( ) ( ) ( )1810 23

0 mmSSAS wif
−≈=

  
Substitution of  and 2310 mS f

−≈

( ) ξξρ αα SSm airli 2.10 ==  into Eq. (18) 
gives 
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The injection of atomized water increases the 
electrical conductivity of the mean, making it 
greater than the conductivity of water 
( mS /005.0>>

     

( )204
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where  is the frequency of the ELF 
electromagnetic field.  

f

          Substitution of Eq. (20) into Eq. (19) 
yields 
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where ( ) fn rlr 0
2 4πεσμ=  

Note that tEE m ωsin= .The average value 
for 2E  is equal to 2

2
1

mE  because E  varies 
sinusoidaly (   is the maximum value 

for
mE

E ). On the other hand, 2mrms EE = . 
Consequently we can change 4E  by , 
and the equation above can be rewritten as 
follows 

4
rmsE
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Now consider the weapon showed in Fig. 3 
( )mm7.12=α . When an ELF 
electromagnetic field with frequency 

Hzf 10=  is activated, an electric field  
passes through the 7 cylindrical air laminas. 
Then, according to Eq. (22) the value of 

rmsE

χ  
(for mS /005.0>>σ ) at each lamina is  
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          For example, if  we 
get  

mVErms /.93125≅

 )σ . Under these conditions, 
the value of λ , given by Eq. (6), becomes ( )24103−>>χ

 
Therefore, according to Eq. (3) the 
gravitational acceleration produced by the 
gravitational mass , just after kgM g 23.4=



 5
the 7th cylindrical air lamina ( ) , 
will be given by 

mmr 1507 =

 

( )25/10 213
2

7

77
7 sm

r

GM
gg g +>>−== χχ

 
This is the acceleration acquired by the air 
molecules that are just after the 7th 
cylindrical air lamina. Obviously, this 
produces enormous pressure in the air after 
the 7th cylindrical air lamina, in a similar way 
that pressure produced by a detonation. The 
detonation velocity after the 7th cylindrical 
air lamina is 
 

( ) ( )26/102 5
7 smrgvd >>Δ=

 
Consequently, the detonation pressure is  
 

( )27/102 2102 mNvp dair >>= ρ
 
These values show how powerful can be the 
gravitational shockwaves weapons. The 
maxima resistance of the most resistant steels 
is of the order of 1011N/m2 (Graphene 
~1012N/m2). Since the gravitational 
shockwave weapons can be designed to 
produce detonation pressures of these 
magnitudes, we can conclude that it can 
destroy anything.  
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Fig. 3 – Portable Weapon of Gravitational Shockwaves. Note that there are two sets of 
Gravitational Shieldings (GS): the set A (accelerator) with 7 GS and the set D (decelerator) with 12 
GS. The objective of the set D, with 12 GCC, is to reduce strongly the value of the external gravity 
along the axis of the tube (in the opposite direction of the acceleration 7g ). In this case, the value 

of the external gravity, extg , is reduced by the factor extd g12χ , where 210−=dχ . For example, if the 

opening of the tube ( )α  of the weapon is positioned on the Earth surface then 2/81.9 smgext =  is 

reduced to extd g12χ and, after in the set A, it is increased by 7χ . Without the set D, the back of the 
weapon can explode.   
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Newton's 2nd law of motion tells us that objects accelerate in the same direction as the applied force. However, 
recently it was shown experimentally that a Superfluid Bose-Einstein Condensate (BEC) accelerates in the 
opposite direction of the applied force, due to the inertial mass of the BEC becoming negative at the specifics 
conditions of the mentioned experiment. Here we show that is not the inertial mass but the gravitational mass of 
the BEC that becomes negative, due to the electromagnetic energy absorbed from the trap and the Raman beams 
used in the experimental set-up. This finding can be highly relevant to the gravitation theory.  

  
           Key words:  Negative Gravitational Mass, Bose-Einstein Condensates, Superfluids. 
 
 
 
1. Introduction 
 
          A recent paper described an experiment 
that shows a Superfluid Bose-Einstein 
Condensate (BEC) with negative mass, and 
accelerating in the opposite direction of an 
applied force [1]. The experiment starts with a 
BEC of approximately 105 87Rb atoms 
confined in a cigar-shaped trap oriented along 
the x-axis of a far-detuned crossed dipole trap. 
Using an adiabatic loading procedure, the 
BEC is initially prepared such that it occupies 
the lowest minimum of the lower spin-orbit 
coupled (SOC) BEC. By suddenly switching 
off one of the two dipole trap beams, the 
condensate is allowed to spread out along the 
x-axis. Then, the BEC is imaged in-situ for 
expansion times of 0, 10 and 14 ms. In the 
negative x-direction, the BEC encounters an 
essentially parabolic dispersion, while in the 
positive x-direction, it enters a negative mass 
region. This leads to a marked asymmetry in 
the expansion.  
          Obviously, negative mass does not 
mean anti-matter. Anti-matter is simply 
matter which has the opposite electric charge 
from normal matter, whereas negative mass 
means more exactly negative gravitational 
mass. If one particle had ordinary positive 
gravitational mass, and one had negative 
gravitational mass, then the gravitational 
force between the masses would be repulsive 
differently   of   in  the  case  of  two  positive  

 
 
 
 
 
gravitational masses where the force would be 
of attraction. 
          In this article, we show that is not the 
inertial mass but the gravitational mass of the 
BEC that becomes negative, due to the 
electromagnetic energy absorbed from the 
trap and the Raman beams used in the 
experimental set-up. The consequences of this 
finding can be highly relevant to the 
gravitation theory.  
 
2. Theory 
 
          Some years ago I wrote a paper [2] 
where a correlation between gravitational 
mass and inertial mass was obtained. In the 
paper   I   pointed out that   the relationship 
between gravitational mass, , and rest 
inertial mass, , is given by  
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where  is the electromagnetic energy 
absorbed or emitted by the particle; 

U
vcnr =  

is the index of refraction of the particle;  is 
the speed of light.  

c

          Equation (1) can be rewritten as follows 
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where ρ  is the matter density,  is the velocity 
of radiation through the particle, and W  is the 
density of absorbed electromagnetic energy. 
Substitution of the well-known relation 

v

vDW 4=  into Eq. (2) yields 
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where  is the power density of the radiation 
absorbed by the particle. 

D

          In order to apply the Eq. (3) to the BEC 
previously mentioned, we start calculating the rest 
inertial mass of the BEC, which is given by  

( ) ( )
kg

kgm BECi
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Assuming that the average radius of the BEC is 
approximately 40 μm (See reference [1]), then we 
can calculate the density of the BEC, i.e.,  
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          Substitution of the values of BECρ  into 
Eq. (3) gives   
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The variable , in Eq. (4), refers now to the total 
power density of the radiation absorbed by the 
BEC (from the trap and the Raman beams, used 
in the experimental set-up of reference [

D

1]). 
According to the authors of the experiment the 
power of the Raman beams are of approximately 
3mW (2.9 mW in one of the two beams,3.3 mW in 
the other), focused to a beam waist of 120 microns 
( mμ60 radius); the absorption coefficient is 

4.05.21 =RR EE . Thus, we can write that 
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Substitution of this value into Eq. (4) gives 
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Note that, for 1.5.109 −< smvBEC  the 
gravitational mass of the BEC ( ) 
becomes negative. Lene Hau et al., [

( )BECgm
3] 

showed that light speed through a BEC 
reduces to values much smaller than 

1.100 −sm .  
          Consequently, we can conclude that it 
is the gravitational mass of the BEC of 87Rb 
atoms that becomes negative and not its 
inertial mass. 
         Also it was deduced in the reference [2] 
a generalized expression for the Newton's 2nd 
law of motion, which shows that the 
expression for inertial forces is given by 

( )7amF g
rr

 =

The presence of  in this equation shows 
that the inertial forces have origin in the 
gravitational interaction between the particle 
and the others particles of the Universe, just 
as Mach’s principle predicts. In this way, the 
new equation expresses the incorporation of 
the Mach’s principle into Gravitation Theory, 
and reveals that the inertial effects upon a 
body can be strongly reduced by means of the 
decreasing of its gravitational mass. Note that 
only when  reduces to  is that we have 

the well-know expression (

gm

gm 0im

amF i
rr

= ) of the 
Newton’s law.  
         Taking Eq. (6) for an arbitrary value of 

, we obtain , 
where 

1.5.109 −< smvBEC ( ) ( )BECiBECg Kmm 0−=
K  is a positive number. Substitution of 

this equation into Eq. (7) yields  
 

( ) ( )80 aKmF BECiBEC
rr

−=  
 
The sign ( )−  in this expression reveals clearly 
why the BEC accelerates in the opposite 
direction of the applied force, i.e.,  
 

( ) ( )90 aKmFF BECiBECBEC
rrs

=−=  
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         Recently it was created a BEC with 
  1710506.2 × 23Na atoms [4].  The inertial 

mass of this BEC is 
 

( ) ( )( ) kgm BECi
92717

0 108.31066.12310506.2 −− ×=××=   
 
The number of atoms/ , as showed in 
reference [

3cm
4],is .  322316

0 10742.210742.2 −− ×=×= mcmn
Thus, the density  of the BEC is given by 
 

( )( ) 332227 .1004.110742.21066.123 −−− ×=××= mkgρ
 
Substitution of these values into Eq. (3) gives 
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 Fig. 1 – A BEC inside a hollow sphere. 

BEC

 
  
         Now consider the system showed in Fig.1. 
Inside the hollow sphere, whose gravitational 
mass is , there is a BEC 
whose gravitational mass is given by Eq. (10). 
Thus, the total gravitational mass of the 
system, , is given by 

( ) (sphereisphereg mm 0≅ )

)(SYSgm

( ) ( ) ( )

( ) ( ) ( )111106.1121 04

2
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         In 2001 Lene Hau et al., have shown that the 
light speed through a BEC could have values very 
close to zero. Therefore,   with these 
magnitudes are not unusual. This shows that the 
value of 

BECv

( )SYSgm , given Eq. (11), can be strongly 
reduced even the value of  be small, for 
example, of the order of 

D
21 mW .  

          Then, consider a system in which the 
inertial mass of the hollow sphere is 

( ) kgm spherei 000,100 = ; ; ( ) kgm BECi
9

0 108.3 −×=
21 mWD ≅   and 19 .10 −−= smvBEC  *, then the 

gravitational mass of the system will have the 
following value: 

( ) ( ) ( )

( )12105.8

105.2

4

0
13

0

kg

mmm BECisphereiSYSg

×−=

=×−=

Thus, if this system is subjected to a gravity 
acceleration 1.8.9 −= smgr , as shown in Fig.2, 
then its weight force will be given by  

( ) ggmP SYSg
rrs

4105.8 ×== , ( )NP 5103.8 ×= . 

This value is greater than the thrust of the fighter 
aircraft F-22 Raptor (fifth-generation), which 
reaches 160,000N.  

  

  
                                      ( ) gmP SYSg

rs
=   

 
 
 
 
 
                                   
 
 
 
 
 
 
                                      gr   
 
Fig. 2 – The system sphere-BEC, with negative
gravitational mass ( ( ) 0<SYSgm ),  in a gravitational 
field. 

BEC 

         
          It is important to note that, in spite the light 
speed reach values very close to zero through the 
BEC in the Lene Hau experiments, the number of 
atoms in the BEC, in this case is very small 
( )atoms65 1010 −  in comparison with the 

 atoms of the BEC of 1710506.2 × 23Na, here 
mentioned. Consequently, the weight force, acting 
on the BEC in the case of the Lene Hau 
experiments is approximately  times smaller 
than in the case of the BEC of Na atoms.  

1210 −

                                           
* With this velocity the light beam would travel about 
0.1mm in a day.  
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 It is proposed a very simple device for controlling the gravitational mass of a metallic lamina, and the gravity 
acceleration above it. These effects are obtained when a specific extra-low frequency current passes through a 
specially designed metallic lamina.  
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1. Introduction 
            In a previous paper [1] we shown that 
there is a correlation between the gravitational 
mass, , and the rest inertial mass , which 
is given by 

gm 0im
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where  is the variation in the particle’s kinetic 
momentum;  is the electromagnetic energy 
absorbed or emitted by the particle;  is the 
index of refraction of the particle; W  is the 
density of energy on the particle ;

pΔ
U

rn

( )kgJ / ρ  is 
the matter density ( )3mkg  and c  is the speed 
of light.  
          The instantaneous values of the density of 
electromagnetic energy in an electromagnetic 
field can be deduced from Maxwell’s equations 
and has the following expression  

( )22
2
12

2
1 HEW με +=

where tEE m ωsin= and tHH ωsin=  are the 
instantaneous values of the electric field and the 
magnetic field respectively. 
       It is known that HB μ= , rkBE ω=  [2] and 
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where    is     the    real part of the propagation 

vector 
rk
k
r

 (also called phase constant); 

ir ikkkk +==
r

 ; ε , μ and σ,    are the 

electromagnetic characteristics of the medium in 
which  the  incident  (or emitted)  radiation  is  
 

 
 

propagating ( 0εεε r= ; ; mF /10854.8 12
0

−×=ε

0μμμ r=  where ). From Eq. 

(3), we see that the index of refraction  

m/H7
0 104 −×= πμ

vcnr =   
is given by 
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 Equation (3) shows that vr =κω . Thus, 
vkBE r == ω , i.e.,  

HvvBE μ==  
Then, Eq. (2) can be rewritten as follows 
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For ωεσ >> , Eq. (3) gives 
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Substitution of Eq. (6) into Eq. (5) gives 
( ) ( )72 2EW ωσ=

Substitution of Eq. (7) into Eq. (1), yields 

( )8110032.7121

1
64

121

1
4

121

0
4

32

3
27

0
4

32

3

23
0

02

43

2

i
r

i
r

ig

mE
f

mE
fc

mE
fc

m

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
×+−=

=
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛
+−=

=
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−=

−

ρ
σμ

ρ
σμ

π
μ

ρπ
σμ

          Note that if tEE m ωsin= .Then, the 

average value for 2E  is equal to 2
2

1
mE  because 



 2
E  varies sinusoidaly ( is the maximum value 

for
mE

E ). On the other hand, we have 2mrms EE = . 

Consequently, we can change 4E  by , and 
the Eq. (8) can be rewritten as follows 

4
rmsE

( )9110032.7121 0
4

32

3
27

irms
r

g mE
f

m
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
×+−= −

ρ
σμ

The Ohm's vectorial Law tells us 
that rmsrms Ej σ=  . Thus, we can write Eq. (9) in 
the following form: 
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where 2jjrms =  [3].     Since      
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By substitution of Eq. (12) into Eq.(10), we get 
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          Also, it was shown in the above mentioned 
paper [1] that, if the weight of a particle in a side 
of a lamina is  ( ggmP g

rr
=

r
 perpendicular to the 

lamina) then the weight of the same particle, in 
the other side of the lamina is   gmP g

rr
χ=′ , 

where l
i

l
g mm 0=χ  (  and   are 

respectively, the gravitational mass and the rest 
inertial mass of the lamina). Only when

l
gm l

im 0

1=χ , is 
that the weight is equal in both sides of the 
lamina. Thus, the lamina can control the gravity 
acceleration above it, and in this way, it can work 
as a Gravity Controller Device.  
          Since the gravitational mass of a body 
above the lamina is , then we can 

conclude that 
0ig mm =

( )gmP i χ0=′ . Therefore, this 
means that the gravity acceleration above the 
lamina is gg χ=′ .              
          Here, we describe a very simple device, 
which works as the mentioned lamina.  This 
device is easy to build, and can be used in order 
to test the correlation between gravitational mass 
and inertial mass previously mentioned (Eq. (1)), 

and also the modification of the gravity 
acceleration above the lamina ( )gχ .  
 
2. The Device 
          Consider the device shown in Fig.1 (a). It 
is basically a thin Aluminum strip attached to an 
electrical insulating plate.  This strip has been 
designed over an Aluminum lamina, in order to 
an electrical current ( )fjrms ;  to pass through it, 
producing the decreasing of its gravitational 
mass (stripgm ) , according to Eq. (10). The 
Aluminum of this strip has the following 
characteristics:            99.9% Aluminum; 1=rμ ;  
ρ = 2700 kg/m-3;σ = 3.5x107S/m. The Aluminum 
strip has the following dimensions; Length, 
L=3528 mm; Width: l = 5mm; Thickness: Δx 
=3μm. The Resistance of the Aluminum strip 
is: ( ) Ω=Δ== 7.6xlLSLR σσ  and the maximum 
current density, according to Eq. (12), is: 

 ( ) ( ) 226
maxmax /5.3/105.3

2
mmAmALVj rms =×==

σ ; 

the maximum current is ( ) ( ) ASji rmsrms 05.0maxmax ==  
*; the Maximum Dissipated Power  is: 

. ( ) wattsRiP rms 017.02
maxmax ==

          By substuting the values of rμ , σ , ρ  and 
L into Eq. (13), we obtain. 
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Consequently, the gravity acceleration above the 
Aluminum strip is given by 
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         The calculated results starting from 
Eqs.(14) and (15)  for Hzf μ5= ; Hzf μ10= ; 

Hzf μ15= , in the voltage range  VV 5.01.0 −  
are plotted in Table 1. 
          Figure 1(b) shows an experimental set up 
in order to control the decreasing of the 
Gravitational Mass of the Aluminum strip. 
Figure 1(c) shows an experimental set up in order 
to control the decreasing of the gravity 
acceleration above the Aluminum strip.  
                                           
* The maximum out put current of the HP 3325 Function 
Generator (option 002 High Voltage out put) is 
0.08App.(0.056Arms).  Voltage range 4.0mV to 40.0Vpp; sine 
1 Hzμ  to 20MHz.   
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    (a) Device to produce the decreasing in the Gravitational Mass of the Aluminum strip.  

    (b) Experimental set up, using the device shown in (a), in order to control the decreasing of the Gravitational Mass  
           of the Aluminum strip.  

 
    (c) Experimental set up, using the device shown in (a), in order to control the decreasing of the Local Gravity ( g )  
           above the Aluminum strip (Gravity Controller Device). 
          Fig. 1 – Experimental set ups for controlling the Gravitational Mass of the Aluminum strip,  
                       and the Gravity acceleration above it. 
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0.1 0.1428 0.1352 0.9473 9.2930 
0.2 0.1428 0.0395 02769 2.6771 
0.3 0.1428 -0.2304 -1.6139 -15.8323 
0.4 0.1428 -0.6651 -4.6577 -45.6922 
0.5 0.1428 -1.2454 -8.7217 -85.5598 

 
  
 

    

0.1 0.1428 0.1418 0.9933 9.7442 
0.2 0.1428 0.1279 0.8959 8.7887 
0.3 0.1428 0.0794 0.5178 5.0796 
0.4 0.1428 -0.0415 -0.2909 -2.8537 
0.5 0.1428 -0.2209 -1.5469 -15.1750 

 
  
 

    

0.1 0.1428 0.1425 0.9980 9.7903 
0.2 0.1428 0.1383 0.9686 9.5019 
0.3 0.1428 0.1207 0.8458 8.2972 
0.4 0.1428 0.0779 0.5456 5.3523 
0.5 0.1428 0.0014 0.0098 0.0961 

Tab. 1 – Calculated results for the Gravitational Mass of the Aluminum strip ( )stripgm , and for the   
              Gravity acceleration above the Aluminum strip ( )gχ . 
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          Next, we will show that by reducing the 
thickness of the Aluminum strip to nm3 † it is 
possible to design a similar device for working 
with frequency up to mHzf 2= . In this case the 
period T  of the wave is  ‡min3.8500 ≅= sT  .   
          Let us then consider an Aluminum strip 
with  thickness,  width and  
length as shown in Fig.2.  If  the maximum 
applied voltage is  then, 
according to Eq. (13), we have 

nm3 mm5 mm528,3

voltsV 2.22max =
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For mHzf 2= , Eq. (16) gives 
 

( )

( )
( )1746.0
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−==
stripi
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m
m

χ

 
          Through the Aluminum strip, the 
maximum intensity of the electrical current is 
given by 
 

( )

( )( ) ( )([ )
mA

mS

SLVSji

3.3

105103528.32.22/105.3 397

maxmaxmax

=

=×××= ]
===

−−

σ

 
The electrical resistance of the Aluminum strip is   
    
                                           
† Ultra Thin Aluminum Nanofoils (foils with 
nanometers thicknesses) are manufactured, for 
example by American Elements - The Advanced 
Materials Manufacturer (See the available nanofoils at: 
https://www.americanelements.com/ultra-thin-
aluminum-nanofoil-7429-90-5).  
‡ In the case of the first device the frequency it were 

Hzf μ10=  and the period .   hourssT 77.27105 ≅=

( )( )( )[ ] Ω=
×××

=

==

−− 6720
105103105.3

528.3
397

S
LRstrip σ

 
Therefore, the maximum dissipated power by the 
strip has now the following value 
 

mWiRP stripstrip 2.732
max

max ==
  
Note that this power is almost the double of the 
power in the first device (37.7mW). 
          Let us now verify if the area of the surface 
of the Aluminum strip (area of the surface of 
thermal transfer ; 5mm x 3,528mm) is sufficient 
to transfer to the surrounding air all the heat 
produced by the strip (in order to avoid the fusion 
of the strip).  
          The coefficient of heat transfer, , can be 
expressed by the following equation [

h
4, 5,6] 

( ) ( )18
TA

tQh
nΔ
ΔΔ

=

where tQ ΔΔ  (in W) is the dissipated power ; 
 (in mnA 2) is the necessary area of the surface of 

thermal transfer and  the difference of 
temperature between the area of the solid surface 
and the surrounding fluid (K).  

TΔ

          When the surrounding fluid is the air , the 
heat transfer coefficient, , varies from 10  up to h

KmW °.100 2  [7]. Assuming KmWh °= .10 2 , 

and KT °=Δ 1 , then for , Eq. 
(18) gives 

mWPstrip 2.73max =

( ) ( )191032.7 23 m
Th

tQAn
−×=

Δ
Δ Δ

=

Since the area of the surface of the Aluminum 
strip is 
  

nstrip AmmmmmA >>×=×= − 23106.17528,35
 
Then, we can conclude that the area of the 
Aluminum strip is sufficient to transfer to the 
surrounding air all the heat produced by it. The 
same is valid in the case of the first device, where 
the dissipated power by the Aluminum strip is 
even smaller than in the second device.  
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Fig. 2 –  Device using Aluminum strip with  3nm thickness. 
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A new type of device for controlling gravity is here proposed. This is a quantum device because results 
from the behaviour of the matter and energy at subatomic length scale (10 m). -20 From the technical point of 
view this device is easy to build, and can be used to develop several devices for controlling gravity.  

 
           Key words:  Gravitation, Gravitational Mass, Inertial Mass, Gravity, Quantum Device. 
 
  
 Introduction    
           Some years ago I wrote a paper [1] 
where a correlation between gravitational 
mass and inertial mass was obtained. In the 
paper I pointed out that the relationship 
between gravitational mass, , and rest 
inertial mass, , is given by  
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where  is the variation in the particle’s kinetic 
momentum;  is the electromagnetic energy 
absorbed or emitted by the particle;  is the 
index of refraction of the particle; W  is the 
density of energy on the particle ;

pΔ
U

rn

( )kgJ / ρ  is the 
matter density ( )3mkg  and c  is the speed of 
light.  
          Also it was shown that, if the weight of a 
particle in a side of a lamina is gmP g

rr
=  ( gr  

perpendicular to the lamina) then the weight of the 
same particle, in the other side of the lamina is   

, wheregmP g
rr

χ=′ l
i

l
g mm 0=χ  (  and   

are respectively, the gravitational mass and the 
inertial mass of the lamina). Only when

l
gm l

im 0

1=χ ,  
 

 
the weight is equal in both sides of the 
lamina. The lamina works as a Gravity 
Controller. Since ( ) ( )gmgmPP gg χχχ ===′ , 
we can consider that 
               gg mm χ=′  or that gg χ=′               
          In the last years, based on these concepts, I 
have proposed some types of devices for 
controlling gravity. Here, I describe a device, 
which acts controlling the electric field in the 
Matter at subatomic level ( )mx 2010−≅Δ . This 
Quantum Controller of Gravity is easy to build 
and can be used in order to test the correlation 
between gravitational mass and inertial mass 
previously mentioned. 

 
2. The Device 
 
          Consider a spherical capacitor, as shown in 
Fig.1. The external radius of the inner spherical 
shell is , and the internal radius of the outer 
spherical shell is . Between the inner shell and 
the outer shell there is a dielectric with electric 
permittivity

ar

br

0εεε r= . The inner shell works as an 
inductor, in such way that, when it is charged with 
an electric charge q+ , and the outer shell is 
connected to the ground, then the outer shell 
acquires a electric charge , which is uniformly 
distributed at the external surface of the outer 
shell, while the electric charge  is uniformly 
distributed at the external surface of the inner 
shell (See Halliday, D. and Resnick, R., Physics, 
Vol. II, Chapter 28 (Gauss law), Paragraph 28.4).  

q−

q+
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 Fig.1 – Spherical Capacitor - A Device for
Controlling Gravity developed starting from a
Spherical Capacitor. 
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          Under these conditions, the electric field 
between the shells is given by the vectorial sum of 
the electric fields aE

r
and bE

r
, respectively 

produced by the inner shell and the outer shell. 
Since they have the same direction in this region, 
then one can easily show that the resultant 
intensity of the electric field for ba rrr <<  is 

2
04 rqEEE rbaR επε=+= .  In the nucleus of the 

capacitor and out of it, the resultant electric field 
is null because aE

r
and bE

r
have opposite directions 

(See Fig. 2(a)).  
          Note that the electrostatic force, , between 

and  will move the negative electric 
charges in the direction of the positive electric 
charges. This causes a displacement, , of the 
electric field,

F
r

q− q+

xΔ

bE
r

, into the outer shell (See Fig. 2 
(b)). Thus, in the region with thickness xΔ  the 
intensity of the electric field is not null but equal 
to .  bE
          The negative electric charges are 
accelerated with an acceleration, a , in the 
direction of the positive charges, in such way that 
they acquire a velocity, given by 

r

xav Δ= 2  
(drift velocity).   
          The drift velocity is given by [2] 

( )2
22

nSe
XRV

nSe
ZV

nSe
iv C+

===

where  is the positive potential applied on the 
inner shell (See Fig. 1); 

V
fCX C π21=  is the 

capacitive reactance; is the frequency; f
( )abba rrrrC −= πε4  is the capacitance of the 

spherical capacitor; R  is the total electrical 
resistance of the external shell, given 
by ( ) 10RSzR +Δ= σ , where Sz σΔ  is the 
electrical resistance of   the   shell  (   is  
its  thickness; 

mmz 5=Δ
σ  is its conductivity and is its 

surface area), and   is  a 10gigaohms resistor. 
Since 

S
10R
SzR σΔ>>10 , we can write that 

.  Ω×=≅ 10
10 101RR

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a) 

 
 
 
                                                            
 
 
 
 
 
 
 
 
 
 
 

(b) 
 

 Fig.2 - The displacement, xΔ , of the electric 
field, bE

r
, into the outer shell. Thus, in the region 

with thickness xΔ  the intensity of the electric field 
is not null but equal to bE . 
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          If the shells are made with Aluminum, with 
the following characteristics:  , 3.2700 −= mkgρ

kmolkgA /27= , 328
0 106 −×≅= mANn ρ (  is the 

Avogadro’s number ), and 

; ;

0N
126

0 1002.6 −×= kmolN

mra 1.0= mrb 105.0= ( ) 22 152.04 mzrS b ≅Δ+= π ;

mrr ab
3105 −×=− , then ( )ohmsfXR C

8108.6 ×=>> ,  
( )1Hzf > , and Eq. (2) can be rewritten in the 
following form: 

( )3108.6 2010 V
nSe

RV
nSe
iv −×=≅=

       The maximum size of an electron has 
been estimated by several authors [3, 4, 5]. 
The conclusion is that the electron must have 
a physical radius smaller than 10-22 m*.       
          Assuming that, under the action of the 
force (produced by a pulsed voltage 
waveform,V ), the electrons would fluctuate 
about their initial positions with the amplitude 
of 

F
r

mx 2010−1×≅Δ (See Fig.3), then we get  

( )4294.022
Vv

x
a

xt ≅
Δ

=
Δ

=Δ

However, we have that tTf Δ=Δ= 211 . 
Thus, we get 

( )57.1 Vf =  
          Now consider Eq. (1). The 
instantaneous values of the density of 
electromagnetic energy in an electromagnetic 
field can be deduced from Maxwell’s 
equations and has the following expression  
 

( )62
2
12

2
1 HEW με +=

 
where tEE m ωsin= and tHH ωsin=  are 
the instantaneous values of the electric field 
and the magnetic field respectively. 
          It is known that HB μ= , rkBE ω=  
[6] and 

( )
( )7

11
2

2 ⎟
⎠
⎞⎜

⎝
⎛ ++

===

ωεσ
μεκ

ω

rrr

c
dt
dzv

 
where    is     the    real part of the 
propagation vector k

rk
r

 (also called phase 
                                           
* Inside of the matter.   

constant); ir ikkkk +==
r

 ; ε , μ and σ,    are 

the electromagnetic characteristics of the 
medium in which the incident (or emitted) 
radiation is propagating ( 0εεε r= ; 

  ; mF /10854.8 12
0

−×=ε 0μμμ r=  where 
). It is known that for free-

space 
m/H7

0 104 −×= πμ
0=σ and 1== rr με . Then Eq. (7) 

gives 
cv =  

From Eq. (7), we see that the index of 
refraction  vcnr =   is given by 
 

( ) ( )811
2

2 ⎟
⎠
⎞⎜

⎝
⎛ ++== ωεσ

με rr
r v

cn
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Fig.3 - Controlling the Electric Field in the Matter 
at subatomic level ( )mx 2010 −≅Δ . 
 
 

tΔ

Eb 

tΔ

Eb 

mx 20101 −×≅Δ  

Eb 

Eb 

Eb 

− 

− 

− + 

+ 

+ 

F 

F 

− 

 
 Equation (7) shows that vr =κω . Thus, 
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HvvBE μ==  
 
Then, Eq. (6) can be rewritten in the 
following form: 
 

( ) ( )92
2
122

2
1 HHvW μμμε +=

 
For ωεσ << , Eq. (7) reduces to 
 

rr

cv
με

=

Then, Eq. (9) gives 
 

22
2
12

2

2
1 HHHcW

rr

μμμμ
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ε =+⎥
⎦
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⎝

⎛
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This equation can be rewritten in the following 
forms: 

( )10
2

μ
BW =

 or 
( )112EW ε=

 
For ωεσ >> , Eq. (7) gives 
 

( )122
μσ
ω

=v

 
Then, from Eq. (9) we get 
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Since HvvBE μ== , we can rewrite (13) in 
the following forms: 
 

( )14
2

2

μ
BW ≅

  or 
 

( )15
4

2EW ⎟
⎠
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ω
σ

   
        Substitution of Eq. (15) into Eq. (2), gives 
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     Using this equation we can then calculate the 
gravitational mass, , of the region with 

thickness 
( )xgm Δ

xΔ , in the outer shell. We have already 
seen that the electric field in this region is bE

r
, 

whose intensity is given by ( )24 zrqE bb Δ+= πε . 
Thus, we can write that 
 

( )17
44 22

bb
b r

CV
r

qE
πεπε

=≅

 
where ( )abba rrrrC −= πε4  is the capacitance 
of the spherical capacitor; V  is the potential 
applied on the inner shell (See Fig. 1 and 3). Thus, 
Eq. (17) can be rewritten as follows 
 

( ) ( )18109.1 2V
rrr

VrE
abb

a
b ×≅

−
=

 
Substitution of , , 3.2700 −= mkgρ mS /105.3 7×=σ

1≅rμ  (Aluminum) and  
into Eq. (16) yields 

VEE b
2109.1 ×≅=
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          Equation (5) shows that there is a 
correlation between V  and  to be obeyed, 
i.e., 

f
Vf 7.1= . By substituting this expression 

into Eq. (19), we get 
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For ( )HzVfVoltsV 607.129.35 === †, Eq. 
(20) gives 

( )

( )
( )2191.0

0

≅=
Δ

Δ

xi

xg

m
m

χ  

 
For ( )HzVfVoltsV 7657.1450 === , Eq. 
(20) gives 

( )

( )
( )2204.0

0

≅=
Δ

Δ

xi

xg

m
m

χ  

 
For ( )HzVfVoltsV 20407.11200 === , Eq. 
(20) gives 

  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  V   f 
 
 
 
 
 
Fig.4 – The shell with thickness xΔ  works as a 
Quantum Controller of Gravity. 
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In this last case, the weight of the shell with 
thickness  will bexΔ ( )gmP xix

rr
ΔΔ −≅ 01.1 ; the 

sign (-) shows that it becomes repulsive in respect 
to Earth’s gravity. Besides this it is also 
intensified 1.1 times in respect to its initial value.  
          It was shown that, if the weight of a particle 
in a side of a lamina is  (  perpendicular 
to the lamina) then the weight of the same 
particle, in the other side of the lamina is   

, where

gmP g
rr

= gr

gmP g
rr

χ=′ l
i

l
g mm 0=χ  (  and   

are respectively, the gravitational mass and the 
inertial mass of the lamina) [

l
gm l

im 0

1]. Only 
when 1=χ , the weight is equal in both sides 
of the lamina. The lamina works as a Gravity 
Controller. Since ( ) ( )gmgmPP gg χχχ ===′ , 
we can consider that  
 
               gg mm χ=′  or that gg χ=′               
 
          Now consider the Spherical Capacitor 
previously mentioned. If the gravity below the 
capacitor is g , then above the first hemispherical 
shell with thickness (See Fig.4) it will 
become

xΔ
gχ , and above the second hemispherical 

shell with thickness , the gravity will be .   xΔ g2χ
 
 
 

                                           
† Note that the frequency must be greater than 1Hz 
(See text above Eq. (3)).  

f

χg 

χ 2g 

χ   +
  - 
 

Pulsed

10 G  Ω

 
 
          Since the voltage V  is correlated to the 
frequency  by means of the expression f

Vf 7.1=  (Eq. (5)), then it is necessary to put 
a synchronizer before the pulse generator (See 
Fig.5), in order to synchronize V with f .Thus, 
when we increase the voltage, the frequency 
is simultaneously increased at the same 
proportion, according to Eq. (5). 
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Fig.4 – Experimental Set-up using a Quantum Controller of Gravity (QCG). 
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We propose here a new type of Gravitational Shielding. This is a quantum device because 
results from the behaviour of the matter  and energy  on the subatomic length scale. From 
the technical point of view this Gravitational Shielding can be produced in laminas with 
positive electric charge, subjected to a magnetic field sufficiently intense. It is easy to 
build, and can be used to develop several devices for gravity control. 

 
                            Key words:  Gravitation, Gravitational Mass, Inertial Mass, Gravitational Shielding, Quantum Device. 
1. Introduction 
 
         Some years ago [1] I wrote a paper 
where a correlation between gravitational 
mass and inertial mass was obtained. In the 
paper I pointed out that the relationship 
between gravitational mass, , and rest 
inertial mass, , is given by  

gm

0im

( )11121

1121

1121

2

2

2

2
0

2

00

⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
+−=

=
⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+−=

=
⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ Δ
+−==

c

Wn

cm

Un

cm
p

m

m

r

i

r

ii

g

ρ

χ

where  is the variation in the particle’s kinetic 
momentum;  is the electromagnetic energy 
absorbed or emitted by the particle;  is the 
index of refraction of the particle;  is the 
density of energy on the particle ;

pΔ
U

rn
W

( )kgJ / ρ  is 
the matter density ( )3mkg  and  is the 
speed of light.  

c

          Also it was shown that, if the weight of 
a particle in a side of a lamina is gmP g

rr
=  

(  perpendicular to the lamina) then the 
weight of the same particle, in the other side 
of the lamina is , where 

gr

gmP g
rr

χ=′

0ig mm=χ  (   and   are  respectively,  gm 0im
 
 

 
 
the gravitational mass and the inertial mass 
of the lamina). Only when 1=χ , the weight 
is equal in both sides of the lamina. The 
lamina works as a Gravitational Shielding. 
This is the Gravitational Shielding effect. 
Since ( ) ( gmgmPP gg )χχχ ===′ , we can 
consider that gg mm χ=′  or that gg χ=′ .  
          In the last years I have proposed 
several types of Gravitational Shieldings. 
Here, I describe the Quantum   Gravitational 
Shielding. This quantum device is easy to 
build and can be used in order to test the 
correlation between gravitational mass and 
inertial mass previously obtained. 
              
2. Theory 
 
          Consider a conducting spherical shell 
with outer radius r . From the subatomic 
viewpoint the region with thickness of 

eφ (diameter of an electron) in the border of  
the spherical shell (See Fig.1 (a)) contains an 
amount, , of electrons. Since the number 
of atoms per , , in the spherical shell is 
given by 

eN
3m an

( )20
s

s
a A

N
n

ρ
=

where , is 
the Avogadro’s number; 

kmoleatomsN /. 26
0 10022141296 ×=

sρ  is the matter 
density of the spherical shell (in kg/m3) and 

sA  is the molar mass ( ). Then, at 
a volume 

1−kmolekg .
Sφ of the spherical shell, there are 

atoms per , where aN 3m
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Fig.1 – Subatomic view of the border of the conducting spherical shell. 
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( )3SnN aa φ=

Similarly, if there are electrons per  in the 
same volume 

en 3m
Sφ , then we can write that 

( )4SnN ee φ=
By dividing both sides of Eq. (3) by , given 
by Eq. (4), we get 

eN

( )5⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

a
e

ae N
N

nn

Then, the amount of electrons, in the border of 
the spherical shell, at the region with thickness of 

eφ  is 

( ) ( )60 S
N
N

A
N

SnN e
a
e

s
s

eeee φ
ρ

φφ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
==

          Assuming that in the border of the 
spherical shell, at the region with thickness of 

2ax φ≅  (See Fig.1 (b)), each atom contributes 
with approximately 2Z electrons ( Z is the 
atomic number). Thus, the total number of 

electrons, in this region, is ( ) ( ) ( )eee eNZxN φ2= . 
Thus, we can write that 

( ) ( ) ( )7
22

0 S
N
N

A
NZNZxN e

xa
e

s
s

eee φ
ρ

φ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛=

where ( ) 2ZNN xae ≅ . 
          Now, if a potential V is applied on the 
spherical shell an amount of electrons, , is 
removed from the mentioned region. Since 

hN

eqNh = and 2
0 r4qE rεπε= , then we obtain 

( ) ( )8
4 00

2

e
ES

e
Er

N rr
h

εεεεπ
==

Thus, we can express the matter density, ρ , in 
the border of the spherical shell, at the region 
with thickness of 2ax φ≅ , by means of the 
following equation 
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s
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since rVE = .  

         If the spherical shell is made of Lithium 
( 3=Z , 3534 −= mkgs .ρ , kmolekgAs /.9416= ,

ma
1010043 −×= .φ  and outer radius mr 100.= ) 

and covered with a thin layer ( mμ20 ) of  Barium 
titanate* (BaTiO3), whose relative permittivity at 
20°C is 1250=rε , then Eq. (9) gives 

( ) ( )10210272503321043106853 0
2138

ee mV×−×= .. φρ
            Assuming that the electron is a sphere 
with radius  and surface charge , and that at 

an atomic orbit its total energy  is 
equal to the potential electrostatic energy of the 
surface charge, 

er e−
2

0cmE e≅

reEpot 0
2 8πε=  [2], then these 

conditions determine the radius err ≡ : 

mcmer ee
152

00
2 104142 −×≅= .. πε  †, 

which is equal to the radii of the protons and 
neutrons. Thus, we can conclude that in the atom, 
electrons, protons and neutrons have the same 
radius. Thus, substitution of  

mree
1510822 −×== .φ  into Eq. (10) gives 

 
( ) ( )11210272503321060699189 0

2123
emV×−×= ..ρ

 
For voltsV 7493422.= , Eq. (11) gives 
 

( ) ( )12102121086 315
0

14 −−×=×= mkgme ...ρ  
       Note that the voltage voltsV 7493422.=  is 
only a theoretical value resulting from 
inaccurate values of the constants present in 
the Eq. (11), and that leads to the critical 
value 141086 ×.  shown in Eq. (12), which is 
fundamental to obtain a low density, ρ . 
However, if for example, , 
then the critical value increases 
to (more than 100,000 times the 
initial value) and, therefore the system shown in  

voltsV 7422.=

201011 ×.

 
 
                                           
* Dielectric Strength: mmkV6 , density: 6,020kg/m3. 
† The radius of the electron depends on the 
circumstances (energy, interaction, etc) in which it is 
measured. This is because its structure is easily 
deformable. For example, the radius of a free electron 
is of the order of   [m1310− 3], when accelerated to 
1GeV total energy it has a radius of [m16109.0 −× 4].  
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Fig.2 – Quantum Gravitational Shielding produced in the border of a Lithium Spherical Shell with positive
electric charge, subjected to a magnetic field B.  
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Fig.2 will require a magnetic field 402 times 
more intense. In practice, the value of V , 
which should lead to the critical 
value 141086 ×.  or a close value, must be 
found by using a very accurate voltage 
source in order to apply accurate voltages 
around the value voltsV 7493422.=  at ambient 
temperature of  20°C.   
          Substitution of the value of ρ (density 
in the border of the Lithium Spherical Shell, 
at the region with thickness of 2ax φ≅  ), given 
by Eq. (12), into Eq. (1) yields 

( ) ( )1311039121
23

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎦

⎤
⎢
⎣

⎡
−×+−= − W.χ  

Substitution of 
( ) 0

2
0

2
2
122

02
12

02
12

02
1 μμεμε BBEcHEW =+=+=

into Eq. (13) gives 

( )1411045121 47
⎭
⎬
⎫

⎩
⎨
⎧

⎥⎦
⎤

⎢⎣
⎡ −×+−= B.χ

Therefore, if a magnetic field TB 0200.=  
passes through the spherical shell (See Fig. 
(2)) it produces a Gravitational Shielding (in 
the border of the Lithium Spherical Shell, at 
the region with thickness of 2ax φ≅ ) with a 
value of χ , given by 

( )153−≅χ  
            Also, it is possible to build a Flat 
Gravitational Shielding, as shown in Fig. 3. 
Consider a cylindrical or hexagonal container, 
and a parallel plate capacitor, as shown in Fig. 
3(a). When the capacitor is inserted into the 
container the positive charges of the plate of the 
capacitor are transferred to the external surface of 
the container (Gauss law), as shown in Fig. 3(b). 
Thus, in the border of the container, at the region 
with thickness of 2ax φ≅  the density, ρ , will 
be given by Eq. (9), i.e., 

0
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 Thus, we obtain 
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Therefore, if the container is made of Lithium 
( 3=Z , 3534 −= mkgs .ρ , kmolekgAs /.9416= ,

ma
1010043 −×= .φ ) and, if the dielectric of the 

capacitor is Barium titanate (BaTiO3), whose 
relative permittivity at 20°C is 1250=rε , and 
the area of the capacitor is , and SA = mmd 1= , 
then Eq. (17) gives 

( ) ( )18210272503321060699189 0
2323

emV×−×= ..ρ

For voltsV 2274934.= , Eq. (18) gives 
( ) ( )19102121086 315

0
14 −−×=×= mkgme ...ρ

Substitution of this value into Eq. (1) gives 

( )
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎦

⎤
⎢
⎣

⎡
−×+−= − 11039121

23W.χ  

This is exactly the Eq. (13), which leads to   

⎭
⎬
⎫

⎩
⎨
⎧

⎥⎦
⎤

⎢⎣
⎡ −×+−= 11045121 47 B.χ

Therefore, if a magnetic field TB 0200.=  passes 
through the Lithium container, it produces a 
Quantum Gravitational Shielding (in the border 
of the container, at the region with thickness of 

2ax φ≅ ) with a value of χ , given by 
3−≅χ
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Fig. 3 – Flat Gravitational Shielding or  
     Flat Gravity Control Cell (GCC). 
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Fig. 4 – Flat Gravity Control Cell - Experimental Set-up.  (BR Patent Number: PI0805046-5, July 31, 2008).  
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Sample Testing 
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DC 1-10ref: fixed voltage reference, providing an 1.000000V and an 
10.000000 V output. 
http://www.stahl-electronics.com/voltage-supplies.html    
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Two gravitational effects related to rotating masses are described. The first is the decreasing of the gravitational mass 
when the rotational kinetic energy is increased. In the case of ferromagnetic materials, the effect is strongly increased 
and the gravitational mass can even become negative. The second is the gravitational shielding effect produced by the 
decreasing of the gravitational mass of the rotating mass.  
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Superconductivity. 
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.    
1. Introduction 
 
        In 1918, H. Thirring [1] showed that a 
rotating mass shell has a weak dragging 
effect on the inertial frames within it. In 
today’s literature these results are known as 
Lense-Thirring effects.  
        Recently, the Lense-Thirring effect has 
received new interest because it becomes 
now possible to directly measure this tiny 
effect [2]. In the years 1959-1960 it was 
discovered by G. E. Pugh [3] and Leonard 
Schiff [4,5] that the mentioned dragging 
phenomenon leads to another effect - called 
the Schiff effect -  which might be suited for 
experimental confirmation: The rotation axis 
of a gyroscope, inside a satellite orbiting the 
Earth, in a height of 650 km, suffers a 
precession of 42 milliarcseconds per year, 
due to the Earth’s rotation [6].  
          Here, we show new gravitational 
effects related to rotating gravitational 
masses, including superconducting masses. 
 
2. Theory 
 
          From the quantization of gravity it 
follows that the gravitational mass mg and 
the inertial mass mi are correlated by means 
of the following factor [7]: 

( )11121
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ii

gχ

where  is the rest inertial mass of the 
particle and  is the variation in the 
particle’s kinetic momentum;  is the speed 
of light.   

0im
pΔ

c

 
 
          That equation shows that only for 

0=Δp the gravitational mass is equal to the 
inertial mass.  
      In general, the momentum variation pΔ  
is expressed by tFp ΔΔ =  where  is the   
applied force during a time interval

F
tΔ . Note 

that there is no restriction concerning the 
nature of the force , i.e., it can be 
mechanical, electromagnetic, etc. 

F

          For example, we can look on the 
momentum variation pΔ   as due to 
absorption or emission of electromagnetic 
energy by the particle.  
          In this case pΔ  can be obtained as 
follows: It is known that the radiation 
pressure, , upon an area  of a 
volume 

dP dxdydA =
dxdydzd =V  of a particle (the 

incident radiation normal to the surface ) 
is equal to the energy  absorbed (or 
emitted) per unit volume 

dA
dU
( )VddU .i.e.,  

( )2
dAdz
dU

dxdydz
dU

d
dUdP ===
V

Substitution of vdtdz =  ( v  is the speed of 
radiation) into the equation above gives 

( ) ( )3
v

dD
v
dAdtdU

d
dUdP ===
V

Since   dFdPdA =  we can write: 

( )4
v

dUdFdt=

However we know that dtdpdF= , then 

( )5
v

dUdp =

 From this equation it follows that  
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where  is the index of refraction.  rn
         Substitution of Eq.(6) into Eq. (1) 
yields 
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          In the case of absorption of a single 
photon with wavelengthλ and frequency , 
Eq. (7) becomes 

f
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where cmh i00 =λ  is the De Broglie 
wavelength for the particle with rest inertial 
mass .   0im
          From Electrodynamics we know that 
when an electromagnetic wave with 
frequency and velocity  incides on a  
material  with relative  permittivity 

f c

rε , 
relative magnetic permeability rμ  and 
electrical conductivity σ , its velocity is 
reduced to rncv =  where  is the index of 
refraction of the material, given by  [

rn
8]   
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If  ωεσ >> f, πω 2= , Eq. (9) reduces to 

( )10
4 0 f

n r
r πε

σμ
=

Thus, the wavelength of the incident 
radiation (See Fig. 1) becomes 
 

( )114
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πλλ
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Fig. 1 – Modified Electromagnetic Wave. The 
wavelength of the electromagnetic wave can be
strongly reduced, but its frequency remains the same.

v = c v = c/nr 

λ = c/f λmod = v/f = c/nr f

nr 

  
        If a lamina with thickness equal toξ  
contains  atoms/mn 3, then the number of 
atoms per area unit is ξn . Thus, if the 
electromagnetic radiation with frequency 

incides on an area  of the lamina it 
reaches
f S

ξnS  atoms. If it incides on the total 
area of the lamina, , then the total number 
of  atoms reached by the radiation is 

fS

ξfnSN = .  The number of atoms per unit of 
volume, , is given by n

( )120

A
N

n
ρ

=

where  is the 
Avogadro’s number; 

kmoleatomsN /1002.6 26
0 ×=

ρ  is the matter density 
of the lamina (in kg/m3) and A is the molar 
mass(kg/kmole).                
          When an electromagnetic wave incides 
on the lamina, it strikes  front atoms, 
where

fN
( ) mff SnN φ≅  , mφ  is the “diameter” of 

the atom. Thus, the electromagnetic wave 
incides effectively on an area  , where mf SNS=

2
4
1

mmS πφ=  is the cross section area of one atom. 
After these collisions, it carries out  
with the other atoms (See Fig.2).   

collisionsn

 
  
 
 
 
 
 
 
 
Fig. 2 – Collisions inside the lamina.   
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Thus, the total number of collisions in the 
volume ξS is 

( )
( )13ξ

φξφ
Sn

SnSnSnnNN
l

mmlmlcollisionsfcollisions
=

=−+=+=           

The power density, , of the radiation on the 
lamina can be expressed by 

D

( )14
mf SN

P
S
PD ==

           We can express the total mean number 
of collisions in each atom, , by means of 
the following equation  

1n

( )151 N
Nn

n collisionsphotonstotal=

Since in each collision a momentum λh  is 
transferred to the atom, then the total 
momentum transferred to the lamina will be 

( ) λhNnp 1=Δ . Therefore, in accordance 
with Eq. (8), we can write that 
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 Since Eq. (13) gives ξSnN lcollisions = , we get 
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Substitution of Eq. (17) into Eq. (16) yields 
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Substitution of P given by Eq. (14) into Eq. 
(18) gives 
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Substitution of ( ) mflf SnN φ≅  and mf SNS =   
into Eq. (19) results 
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where ( ) ( ) ( )llli Vm ρ=0 .           

In the case in which the area is just the 
area of the cross-section of the lamina

fS
( )αS , 

we obtain from Eq. (20), considering that 
( ) ( ) ξρ αSm lli =0 , the following expression 
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If the electrical conductivity of the lamina, 
( )lσ , is such that ( ) ωεσ >>l , then Eq. (9) 

reduces to 
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Substitution of Eq. (22) into Eq. (21) gives  
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          This is therefore the expression of 
correlation between gravitational mass and 
inertial mass in the particular case of incident 
radiation on ordinary matter (non-coherent 
matter) at rest.          
          If the body is also rotating, with an 
angular speed ω  around its central axis, then 
it acquires an additional energy equal to its 
rotational energy ( )2

2
1 ωIEk = .  Since this is 

an increase in the internal energy of the body, 
and this energy is basically electromagnetic, 
we can assume that , such as U , 
corresponds to an amount of electromagnetic 
energy absorbed by the body. Thus, we can 
consider  as an increase in the 
electromagnetic energy U  absorbed by the 
body. Consequently, in this case, we must 
replace U  in Eq. (7) for ( ) , i.e., 

kE

kE kEU =Δ
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( )241121 0

2

2
0

ir
i

g mn
cm
UUm

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ Δ+
+−=

Note that the variable U  can refer to both the 
electromagnetic energy of a radiation as the 
electromagnetic energy of the 
electromagnetic field due to an electric 
current through the rotating gravitational 
mass.   
         Thus, Eq. (24) can be rewritten as 
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Note that  is not an amplitude of a wave such 
as ,  ( )

kE

mU ftUU m π2sin= . Therefore,  and kE
fπ2sin  are independent parameters. 

Consequently, there is no sense to talk about 
average value for fEk π2sin , such as in the case 

of ftUm π2sin , where the average value for  

is equal to 

2U
2

2
1

mU  because U  varies sinusoidaly 
( is the maximum value forU ).  mU
        Then, if U , the Eq. (25) reduces to km E<<
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For ωεσ >> , Eq.(9) shows that  and 
fcnr πμσ 42= . In this case, Eq. (26) gives 
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Note that the effect of the electromagnetic 
field applied upon the mass is highly relevant, 
because in the absence of this radiation the index 
of refraction, present in Eq. (26), becomes equal 
to 1. Under these circumstances, the possibility of 
reducing the gravitational mass is null. On the 
other hand, the equation above shows that, in 
practice, the decreasing of the gravitational mass 
can become relevant in the particular case of 
ferromagnetic materials subjected to 
electromagnetic fields with extremely low 
frequencies (ELF).  
          Figure 3 shows a schematic diagram of a 
Mumetal disk ( gaussatr 100000,105=μ ; 

) with radius 16 .101.2 −×= mSσ mR 10.0=  
( )2

02
1 RmI i=  rotating with an angular velocity 

( )rpmsrad 000,200~/1009.2 4×=ω . Thus, if an 
ELF radiation or an electrical current with 
extremely low frequency e.g.,  is 
applied on the Mumetal disk, then according to 
Eq.(27), the gravitational mass of the disk will 
oscillate between and 

Hzf 1.0=

0ig mm =

( )2896.0 0ig mm −≅                   
          It has been shown that there is an 
additional effect - Gravitational Shielding effect - 
produced by a substance whose gravitational 

mass was reduced or made negative [9]. The 
effect extends beyond substance (gravitational 
shielding) , up to a certain distance from it  
(along the central axis of gravitational shielding). 
This effect shows that in this region the gravity 
acceleration, , is reduced at the same 
proportion, i.e.,

1g
gg

11 χ=  where 01 ig mm=χ  
and  is the gravity acceleration before the 
gravitational shielding.  Here, according to 
Eq.(28), we have 

g

196.0 1 ≤≤− χ . Thus, the 
gravity acceleration above the Mumetal disk will 
vary in the range ggg ≤≤− 196.0  since the gravity 
before (below) the gravitational shielding is . g
          Let us now consider the case in which the 
rotating mass is a superconducting material.  
          The most famous characteristic of 
superconductivity is zero resistance. However, 
the superconductors are not the same as a perfect 
conductor. The observed surface resistance , , 
of most superconductors to alternating currents 
shows that the resistivity can be extremely small 
at the internal region close to the surface of the 
superconductor. The thickness of this region is 
known as London penetration depth, 

sR

Lλ [10]. 
According to BCS theory 

( )( )221 sLsR σσσλ +=  where σ  is the 

normal-state conductivity and sσ  is the 
conductivity of the mentioned region, which is 
given by [11]: 

( )29
2

1
2 fL

s λπμ
σ =

          It is important to note that Eq. (16) refers 
to the case of ordinary matter (non-coherent 
matter). In the case of superconductors the 
radiation is absorbed by the Cooper-pairs fluid 
(coherent part of the superconductors) and there 
is no scattering of the incident radiation. 
Consequently, (the total number of 
collisions). Therefore, in the case of 
superconductors Eq. (16) reduces to 

1=collisionsN
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which is exactly the equation (7). Thus, we 
conclude that Eq. (7) is general for all types 
of matter (coherent and non-coherent). 
          Since ftUU m π2sin=  , the average 
value for  is equal to 2U 2

2
1

mU  because U  
varies sinusoidaly (   is the maximum 
value forU ). On the other hand, 

mU

2mrms UU = . Consequently we can 
change  by in the Eq. (7). 2U 2

rmsU
          Alternatively, we may put this 
equation as a function of the radiation power 
density, D rms, since vVDU rmsrms =  (See Eq. 
(3)). Thus, we obtain 
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where Vmi0=ρ .  
.          For ωεσ >> , Eq.(9) shows that  and 

fcnr πμσ 42= . In this case, equation above 
becomes 
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          Now consider a superconducting disk 
(YBCO) on the Earth’s atmosphere.  It is 
known that the Schumann resonances [12] 
are global electromagnetic resonances (a set 
of spectrum peaks in the extremely low 
frequency ELF), excited by lightning 
discharges in the spherical resonant cavity 
formed by the Earth’s surface and the inner 
edge of the ionosphere (60km from the 
Earth’s surface). The Earth–ionosphere 
waveguide behaves like a resonator at ELF 
frequencies and amplifies the spectral signals 
from lightning at the resonance frequencies. 
In the normal mode descriptions of 
Schumann resonances, the fundamental mode 

 is a standing wave in the Earth–
ionosphere cavity with a wavelength equal to 
the circumference of the Earth. This lowest-
frequency (and highest-intensity) mode of the 
Schumann resonance occurs at a frequency 

 [

( 1=n )

Hzf 83.71 = 13].    
          It was experimentally observed that 
ELF radiation escapes from the Earth–

ionosphere waveguide and reaches the Van 
Allen belts [14-17]. In the ionospheric 
spherical cavity, the ELF radiation power 
density, , is related to the energy density 
inside the cavity,W , by means of the well-
known expression: 

D

( )33
4

WcD =

where is the speed of light, and c
2

02
1 EW ε= . The electric field E , is given by 

( )34
4 2

0 ⊕

=
r

qE
πε

where Cq 000,500=  [16] and . 
Therefore, we get 

mr 610371.6 ×=⊕

( )35/1.4
,/104.5

,/7.110

2

38

mWD
mJW

mVE

rms ≅
×=

=
−

 In the case of YBCO nmL 140≅λ  [18,19]. 
Then, substitution of this value into Eq.(29) 
gives 

( )361012.8
2

1 12

2 ffL
s

×
==

πλ
μσ

The variableσ  in Eq. (32) is sσ , and the 
density of the YBCO is  
[

3.6300 −= mkgρ
20,21]. Thus, we can rewrite Eq. (32) as 

follows 

( )

( )
( )371

34.0
121

2

2
0 ⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−=

f
D

m
m rms

li

lg

Since the superconducting disk is inside the 
Earth’s atmosphere then it is subjected to 
Schumann resonances. Thus, the values of  
and  are given respectively by 

f

rmsD
Hzff 83.71 ==  and  (Eq. (35)). 

Therefore the value of 

2/1.4 mWDm =

χ  given by Eq. (37) 
is 
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Since the weight of the disk is gmi0χ  then 

 is the decrease 
in the weight of the disk. Therefore the disk 
0.05% of its weight (without any rotation). 
Due to the Gravitational Shielding effect, 
these variations are the same for a sample 
above the disk . 

gmgmgm iii 0
4

00 105 −×=− χ
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          When the disk acquires an angular 
velocity ω , then the additional value aχ , 
due to the rotation, can be obtained making 

0=mU  in Eq.(25), i.e.,  
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In the Podkletnov experiment, the YBCO 
disk is a rectangular toroid with radius 

, mmRouter 275= mmRinner 80= ,  10 mm-thickness, 
with an angular velocity srad /6.523=ω  
(5,000 rpm) [22,23]. Considering these 
values and the value of sμσ  given by Eq. 
(36), then Eq. (39) shows that aχ , in this 
case, is given by 

1−≅aχ
Note that this value corresponds to the region 
of the disk with thickness Lλ . Thus, we can 
write that  
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where  
( ) ( )LL

Vm YBCOi λλ ρ=0 and ( ) ( )diskYBCOdiski Vm ρ=0  
Thus, we get  
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Substitution of Eq. (41) into Eq. (40) gives 
( ) ( ) ( )

( ) ( ) ( )42109.2

200

0
5

0

00

diskidiski

diskiaLdiskidiskg

mm

mmm

−×−=

=+=

χ

χλχ

In this case the disk loses more  
of its weight due to its rotation. This 
corresponds to a decrease of about on 
the initial value of 0.05% that the disk loses 
without any rotation. Due to the 
Gravitational Shielding effect, a sample 
above the disk will have its weight decreased 
of the same percentage ( on the initial 
value of 0.05% that the sample loses). 

%109.2 3−×

%8.5

%8.5

          Thus, when 0sin =tω  Eq. (39) shows 
that 1=aχ , i.e., the decreases of 
gravitational mass vanish, this corresponds 
to an increase in the weight of the sample of 
about  5.8% on the initial value of 0.05% that 

the sample lost more a portion due to the 
increase of the weight of the air column 
above the sample. Due to the gravitational 
shielding effect, the gravity acting on the air 
column above the sample (height~12Router 
[24]) is reduced in the same proportion that is 
reduced the gravitational mass of the disk 
(gravitational shielding). Thus, there is also 
an increase in the weight of the sample of 
5.8% on the weight of the air column above 
the sample. Considering that 5.8% on the 
weight of the air column is equivalent to x% 
on the initial value of 0.05% that the sample 
lost, i.e.,     

( ) ( )gmofxgm samplegairg ′=′ %05.0%%8.5
Then,  we get 
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Since ,  and 3.2.1 −= mkgairρ 3.1400 −= mkgsampleρ
228015012~ ≅≅= outeroutersampleair RmmRVV . 

          Under these circumstances, the balance 
measures an increase correspondent to 5.8% 
on the initial value of 0.05% more 2%on the 
initial value of 0.05%, i.e., a total increase of 
about 7.8% on the initial value of 0.05%.         
          Consequently, the weight of the 
sample becomes unstable with fluctuations 
from −5.8% to +7.8% of the initial value of 
0.05%. This means that the total variation of 
the weight of the sample oscillates in the 
range 

%053.0%047.0 to
 of its weight.  
          In the Podkletnov’s experiment the 
findings were −2.5% to +5.5% of the initial 
value of 0.05% [22,23]. This means that the 
total variation of the weight of the sample 
oscillates in the range 

%052.0%048.0 to
of its weight.  
          Note that, according to Eq. (39) and 
Eq. (42), for  (200,000 
rpm) the sample weight decrease can reach 

srad /1009.2 4×=ω

about 17%.  This very smaller than the 96% 
in the case of the Mumetal disk (Eq. (28)). 
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 Fig.3 – Schematic diagram of an experimental set-up to measure the decrease of the gravitational  
             mass of the Mumetal disk and the gravitational shielding effect produced by the rotating  
             disk. 
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The Bipolar Linear Momentum transported by the Electromagnetic 

Waves: Origin of the Gravitational Interaction 
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Besides energy, the electromagnetic waves transport linear momentum. Then, if this momentum is 
absorbed by a surface, pressure is exerted on the surface. This is the so-called Radiation Pressure. Here 
we show that this pressure has a negative component (opposite to the direction of propagation of the 
radiation) due to the existence of the negative linear momentum transported by the electromagnetic 
waves.  This fact leads to an important theoretical discovery: the velocity of the electromagnetic waves in 
free space is not a constant. In addition, a generalized equation of the Newton’s law of Gravitation, is 
deduced starting from the concept of negative radiation pressure applied on the Gravitational Interaction. 
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1. Introduction 
          Electromagnetic waves transport 
energy as well as linear momentum. Then, if 
this momentum is absorbed by a surface, 
pressure is exerted on the surface. Maxwell 
showed that, if the incident energy U  is 
totally absorbed by the surface during a 
time t , then the total momentum q transferred 
to the surface is vUq =  [1]. Then, the 
pressure, p (defined as force  per unit area F
A ), exerted on the surface, is given by 

( ) ( )1111
A

dtdU
vv

U
dt
d

Adt
dq

AA
Fp =⎟

⎠
⎞

⎜
⎝
⎛===

whence we recognize the term ( ) AdtdU  as 
the radiation power density, , (in watts/mD 2) 
arriving at the surface1. Thus, if cv =  the 
radiation pressure exerted on the surface  is  

( )2
c
Dp =

          Here we show that this pressure has a 
negative component (opposite to the 
direction of propagation of the photons) due 
to the existence of the negative linear 
momentum transported by the photons. This 
fact leads to an important theoretical 
discovery: the velocity of the electromagnetic 
waves in free space is not a constant.  In 
addition, a generalized equation of the Newton’s 
law of Gravitation is deduced starting from the 
concept of negative radiation pressure applied on 
the Gravitational Interaction. 
 
.2. Theory  
          The energy of a harmonic oscillator is 
quantized in multiples of , and given by hf
 
                                           
1 This value is also called of Poynting vector. 

 
( ) ( )3,...2,1,02

1 =+= nhfnEn

where  is the classical frequency of 
oscillation, and h  is the Planck’s constant 
[

f

2]. When 0=n , Eq. (3) shows that 
hfE 2

1
0 = . This value is called energy of the 

zero point. Thus, the energy of the harmonic 
oscillator, at equilibrium with the 
surrounding medium, does not tend to zero 
when temperature approaches to absolute 
zero, but stays equal to .  0E
          In the particular case of massless 
oscillators (photons, for example), does 
not correspond to 

0E
the lowest value of the 

energy, which the oscillator can have, 
because, when temperature approaches to 
absolute zero the oscillator frequency 
becomes dependent of the temperature T , as 
show the well-known expression of the 
thermal De Broglie wavelength ( )Λ  for 
massless particles [3, 4], which is given by 
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3
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3
1 2

1 kThf
kT

ch π
π

=⇒=Λ

Then, the lowest value of the energy hf2
1 , in 

the case of the photon, for example, will be a 
fraction of the value hf2

1  correspondent to a 
critical temperature  very close to absolute 
zero. The mentioned fraction must be only 
related to the frequency , and a frequency 
limit, , whose value must be extremely 
large. Just a simple algebraic form, the 

cT

f

gf

quotient gff , can express satisfactorily the 
mentioned fraction. Thus, according to Eq. 
(4), we can write that
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Above , the photon absorbs energy from 
the surrounding medium

cT
2 [5], and its energy 

becomes equal to hf . Therefore, the energy 
absorbed by the photon is 
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Fig. 1 – Above cT , the photon absorbs energy from
the surrounding medium, and its energy becomes
equal to hf . 

 
The absorbed energy is that thrust the photon 
and gives to it its velocity . Consequently, 
the momentum  transported by the photon 
with velocity  will be expressed by 
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          Equation above shows the existence of 
a bipolar linear momentum transported by 
the electromagnetic waves. For the 
resultant momentum transported by the 
photon is positive, i.e., If this momentum is 
absorbed by a surface, pressure is exerted on 
the surface, 

gff 2<

in the same direction of 
propagation of the photon. These photons are 
                                           
2  In order to provide the equilibrium the harmonic 
oscillator absorbs energy from the surrounding 
medium.     

well-known. However, Eq. (7) point to a 
new type of photons when . In this 
case 

gff 2=

0=q , i.e., this type of photon does not 
exert pressure when it incides on a surface. 
What means that it does not interact with 
matter. Obviously, this corresponds to a 
special type of photon, which we will call of 
neutral photon. Finally, if  the 
resultant momentum transported by the 
photon is negative. If this momentum is 
absorbed by a surface, pressure is exerted on 
the surface, 

gff 2>

in the opposite direction of 
propagation of the photon. This special type 
of photon will be denominated of attractive 
photon.  
          The quantization of gravity shows that 
the gravitational mass mg and inertial mass 
mi are correlated by means of the following 
factor [6]: 
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where  is the rest inertial mass of the 
particle and 

0im
pΔ  is the variation in the 

particle’s kinetic momentum.  
          Another important equation obtained 
in the quantization theory of gravity is the 
new expression for the momentum  of a 
particle with gravitational mass  and 
velocity , which is given by   

q

gM

v
( )9vMq g

rr
=

where 221 cvmM gg −= ;  is given by 

Eq.(8), i.e., .  
gm

ig mm χ=

 By comparing Eq. (9) with (7) we obtain 
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Mass–energy equivalence principle states that 
anything having mass has an equivalent amount 
of energy and vice versa. In the particular case of 
photons, the energy of the photons, , has a 
corresponding equivalent mass, 

hfE =

gM , given by its 
energy E divided by the speed of light squared c², 
i.e., 

( )112cEM g ≡
or  
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( )122 hfcM g ≡

Considering this expression, Eq. (10) can be 
rewritten as follows
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          Equation (13) shows that the speed of the 
electromagnetic waves in free space is not a 
constant. Thus, also the speed of light is not a 
constant.  
          Theories proposing a varying speed of light 
have recently been widely proposed under the 
claim that they offer a solution to cosmological 
puzzles [7 , 8]. 
          It is known that the interactions are 
communicated by means of the changing of 
“virtual” quanta. The maximum velocity of these 
quanta is a constant called maximum velocity of 
propagation of the interactions. Currently, it is 
assumed that this velocity is equal to the velocity 
of the electromagnetic waves in free space ( )c . 
This is the reason of the constant c  to appear in 
the relativistic factor (Eq. (10)). However, Eq. 
(13) shows that the velocity of the 
electromagnetic waves in free space is not a 
constant. In addition, Eq. (13) shows that for 

 the velocity of the photon is imaginary. gff 2>
This means that the attractive photons are virtual 
photons. 
           Now we will apply the concept of negative 
radiation pressure, here developed, to the 
Gravitational Interaction.  
         According to Eq. (7), the resultant 
momentum transported by the photons with 
frequency  is negative. If this momentum 
is absorbed by a surface, pressure is exerted on 
the surface, 

gff 2>

in the opposite direction of 
propagation of the photon. 
          Now consider two particles A  and B  with 
gravitational masses  and , respectively. 
If both particles emit attractive radiation  
( ), then the powers  and  emitted 
from  

Am Bm

gff 2> AP BP
A  and B , according to Eq. (6), are 

respectively given by 
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where  and  are respectively, the 
number of attractive photons emitted from 

AN BN
A  

and B , during the time interval ft 1=Δ .   
          Equations (14) and (15) can be rewritten as 
follows 
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where and  are respectively the total 
energies of  the particles 

( )AgE ( )BgE
A  and B , given 

respectively by: ( ) ( )
2222 1 cVcmcME AAAgAg −==  

and ( ) ( )
2222 1 cVcmcME BBBgBg −==  [6]; 

 is the velocity of the particle AV A  in respect to 
the particle B  and  is the velocity of the 
particle 

BV
B  in respect to the particle A . 

Obviously, BA VV = .    
          Thus, if r  is the distance between the 
mentioned particles, then the power densities of 
the attractive radiation in A  and B  are 
respectively, given by 
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where BA VVV == ; 0ξ is expressed by 
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          Let us now show that the gravitational 
attraction between two particles A and B is 
generated by the interchange of attractive 



 4
photons ( )gffwithphotonsvirtual 2> , 
emitted reciprocally by the two particles.  
          It is known that the electric force on an 
electric charge A, due to another electric charge 
B is related to the product of the charge of A 

 by the flux density on A, due to the charge 

of B,

( Aq )
( )24 rqD BB π= , i.e., ABBA qDF

rr
∝ . By 

analogy, the charge A exerts an opposite electric 
force  on the charge B, which is related to the 
product of the charge of B (  by the flux 
density on B, due to the charge of A, 

)Bq

( )24 rqD AA π= , i.e., ABAB FF
rr

−= , 

BAAB qDF
rr

∝ . These proportionalities are 
usually written by means of the following 
equations: 
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where 0ε  is the so-called permissivity constant 

for free space ( )mF/10854.8 12
0

−×=ε .   
          Similarly, the magnetic force that a 
magnetic pole B exerts on another magnetic pole 
A is related to the product of the pole intensity 

 of the pole A by the flux density on A, due 
to the pole intensity   of the pole B, 

Ap

Bp
( )24 rpD BB π= , i.e., ABBA pDF

rr
∝ . By 

analogy, the pole A exerts an opposite magnetic 
force  on the pole B, which is related to the 
product of the pole intensity   of the pole B 
by the flux density on B, due to the pole intensity 

 of the pole A, 

Bp

Ap ( )24 rpD AA π= , i.e., 

ABAB FF
rr

−= , BAAB qDF
rr

∝ . Usually  these 
proportionalities are expressed by means of the 
following equations: 
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where 0μ   is the so-called permeability constant 

for free space ( )mH /104 7
0

−×= πμ .         
          In the case of the forces produced by the 
action of  attractive photons emitted reciprocally 
from the particles A and B, their expressions can 
be deduced by using the same argument 
previously shown in order to obtain the 
expressions of the electric forces  and magnetic 
forces. That is,  the force exerted on the particle 
A (whose gravitational mass is  ), by 
another particle B  (whose gravitational mass is  

) is related to the product of  by 
the flux density (power density) on A, due to the 
mass , 

( )AgM

( )BgM (AgM )

( )BgM ( )( )19..4 2 EqSeerPD BB π= , 

i.e., ( )AgBBA MDF
rr

∝ . By analogy, the particle A 
exerts an opposite force  on the particle B, which 
is related to the product of the mass ( )AgM  by the 
flux density (power density) on B, due to the 
mass ( )AgM  of the particle A, 
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Substitution of Eqs. (18) and (19) into Eq. (23) 
we get 
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For 0=V  Eq. (24) reduces to 
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where  is the 
Universal constant of Gravitation.   

2211 ..1067.6 −−×= kgmNG

          Equation (25) tells us that  
( )2600 Gk =ξ

By substituting 0ξ given by Eq. (20) into this 
expression, we obtain 

( )27
4

2
0

0 G
fc

G
k

π
ξ

==

          From the above exposed, we can then 
conclude that the gravitational interaction is 
caused by the interchange of virtual photons with 
frequencies  (attractive photons). In this 
way, the called graviton must have spin 1  and 
not 2. Consequently, the gravitational forces are 
also gauge forces because they are yielded by the 
exchange of virtual quanta of spin 1, such as the 
electromagnetic forces and the weak and strong 
nuclear forces. 

gff 2>

         Now consider the emission of  attractive 
photons with frequency  (gravitons) 

N
gff 2>
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from a particle with mass . According to Eq. 

(8) , and considering that 
0im

vUq = , we get 
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Substitution of Eq. (6) and (13) into Eq. (28) 
gives 
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In case of protons, for example, the number of 
attractive photons emitted from a proton, , 
can be expressed by means of the following 
relation: 

pN

( )00 ipp mmNN = , where  is the 
number of attractive photons emitted from the 
particle with mass ;  is the rest inertial 
mass of the proton. In this case, the equation (29) 
will be rewritten as follows:  

N

0im 0pm
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          In the case of, electrons, for example, the 
number of attractive photons emitted from an 
electron , can be expressed by means of the 
following relation: 

eN
( 00 iee mmNN = ) , where 

 is the rest inertial mass of the electron. In 
this case, the equation (29) will be rewritten as  

0em
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This is exactly the same expression for the proton 
(Eq. (30).  
          In the case of, neutrinos, for example, the 
number of attractive photons, , emitted from 
a neutrino can be expressed by means of the 
following relation: 

nN

( 00 inn mmNN = ) , where 

 is the rest inertial mass of the neutrino. In 

this case, the equation (29) will be rewritten as 
follows: 
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Also, in this case, the obtained expression is 
exactly the same expression for the proton and 
the electron (the term 0imN is a constant). In 
short, the result is the same for any particle with 
non-null mass.  
           By solving equation below 
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we get: 
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Note that, for maxNN = , the value of  in Eq. 

(34) becomes equal to . But, the minimum 
frequency of the gravific photons is very close to 

, then we can write that 

f

minf

gf2 gfff 2min ≅= .  
Under these circumstances, Eq. (33) shows that 
we have that 1min ≅= χχ . Consequently, both 
terms of the Eq. (34) become approximately 
equal to zero. On the other hand, for 

1min == NN   (one gravific photon) the value of 
 in Eq. (34) becomes equal to (the 

maximum frequency of the gravific photons) and 
Eq. (33) shows that, in this case, 

f maxf

maxχχ = , i.e., 
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By solving this equation, we obtain: 
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( )36
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2

1 max
2
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2
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0max2
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          The energy density  at a distance D r  
from the mentioned particle can be expressed by: 

( )( ) ( )37
4

21
2r

fffhf
S

tU
D g

π
−

=
Δ

=

Substitution of Eq.(36) into Eq. (37) yields 

( )38
4

56
4 2

0max
2
max

4
0

r
m

h
cm

D ii
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⎜⎜
⎝

⎛ +−
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

χχ
π

By comparing Eq. (38) with equations (18) and 
(19), we can conclude that  
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h
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By comparing this equation with Eq.(20), we 
obtain 
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2
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max h
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f i
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⎝

⎛ +−
=

χχ

 
Now, taking Eq. (8), where the term cmp i0Δ  is 
putted in the following form: 

( )( ) 2
1

22
0 1 −

−=Δ cvcvcmp i  [6], we get  
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⎪
⎨

⎧

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

−
+−==

cv
cv

m
m

i

gχ  

 
In practice, how close  the velocity   can  
approach? At the Large Hadron Collider (LHC) 
the protons each have energy of 6.5 TeV, giving 
total collision energy of 13 TeV. At this energy 
the protons move with velocity 

. Possibly this value will can 
be increased up to , in 
the next experiments at the LHC. In this case, Eq. 
(41) gives 

c v

cv 999999990.0=
cv 999999999999.0=

710−≅χ . Since maxχ  is obviously, 
very greater than this value, then we can 
conclude that the term ( )456 max

2
max +− χχ  in 

Eq. (40) is very greater than 1410 ; showing, 
therefore, that the maximum frequency  of the 
gravific photons (See Eq. (40)) is very greater 
than 

f

( ) 0
642

0
14 1010 ii mhcm ≅ . Thus, we can 

define the frequency spectrum of the gravific 
photons by means of the following expression: 
 

( )42102 0
64

maxmin ig mffff >>≤≤≅
 
          This expression shows then that the 
frequency spectrum of the gravific photons must 
be above the spectrum of the gamma rays 
(neutrino mass:  kgmi

37
0 10−≅ [9]). Thus, 

considering that the highest energy of gamma ray 
detected is approximately  [eV13103× 10] 3, in 
terms of frequency , then we 

can assume that 

Hzf 28
max 10≈γ

the characteristic value, , in 

the Eq.(34), in spite to be greater than 
gf2

maxγf  , it 
should be very close it, because the spectrum of 
the attractive photons should make limit with the 
gamma rays spectrum (See Fig.2). Thus, we can 
write that  
 

gf2 ≳ ( )431028
max Hzf ≈γ  

 
          It is very unlikely that there are gamma 
rays in the Nature with frequency much greater 
than the aforementioned value, but if they exist, 
they would only show that the value of  
would be situated above the value indicated by 
Eq (43).   

gf2

                                                                        
                                                                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 – The Gravific  Photons Spectrum (above 

Hzfg
28102 ≈ ).  
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3 The largest air shower detected is from a particle of 
around  but this is thought to be from a 
cosmic ray particle rather than photon.  
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It is shown that the gravity acceleration just above a chamber filled with gas or plasma at ultra-low 
pressure can be strongly reduced by applying an Extra Low-Frequency (ELF) electromagnetic field 
across the gas or the plasma. This Gravitational Shielding Effect is related to recent discovery of 
quantum correlation between gravitational mass and inertial mass.  According to the theory samples 
hung above the gas or the plasma should exhibit a weight decrease when the frequency of the 
electromagnetic field is decreased or when the intensity of the electromagnetic field is increased. This 
Gravitational Shielding Effect is unprecedented in the literature and can not be understood in the 
framework of the General Relativity. From the technical point of view, there are several applications for 
this discovery; possibly it will change the paradigms of energy generation, transportation and 
telecommunications.    
 
Key words: Phenomenology of quantum gravity, Experimental Tests of Gravitational Theories,   
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I. INTRODUCTION        
         It will be shown that the local 
gravity acceleration can be controlled by 
means of a device called Gravity Control 
Cell (GCC) which is basically a recipient 
filled with gas or plasma where is applied 
an electromagnetic field. According to 
the theory samples hung above the gas 
or plasma should exhibit a weight 
decrease when the frequency of the 
electromagnetic field is decreased or 
when the intensity of the electromagnetic 
field is increased. The electrical 
conductivity and the density of the gas or 
plasma are also highly relevant in this 
process.  
          With a GCC it is possible to 
convert the gravitational energy into 
rotational mechanical energy by means 
of the Gravitational Motor. In addition, a 
new concept of spacecraft (the 
Gravitational Spacecraft) and aerospace 
flight is presented here based on the 
possibility of gravity control. We will also 
see that the gravity control will be very 
important to Telecommunication. 
 
 II. THEORY 
          It was shown [1] that the relativistic 
gravitational mass 221 cVmM gg −=  
and the relativistic inertial mass 

22
0 1 cVmM ii −=  are quantized, and 

given by  ,   

where  and  are respectively, the 
gravitational quantum number and the 
inertial quantum number ; 

 is the elementary 
quantum of inertial mass.  The masses 

 and   are correlated by means of 
the following expression:  

(min0
2

igg mnM = ) ( )min0
2

iii mnM =

gn in

( ) kgmi
73

0 1093 −×±= .min

gm 0im

( )1112 0

2

0 .i
i

ig m
cm
pmm

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ Δ
+−=

Where pΔ  is the momentum variation on 
the particle and  is the inertial mass 
at rest.   

0im

 
         In general, the momentum variation 

pΔ  is expressed by tFp ΔΔ =  where  
is the   applied force   during a time 
interval

F

tΔ . Note that there is no 
restriction concerning the nature of the 
force , i.e., it can be mechanical, 
electromagnetic, etc. 

F

          For example, we can look on the 
momentum variation pΔ   as due to 
absorption or emission of electromagnetic 
energy by the particle.  
          In the case of   radiation, pΔ  can be 
obtained as follows: It is known that the 
radiation pressure, , upon an area dP

dxdydA =  of a volume dxdydzd =V  of 
a particle ( the incident radiation normal 
to the surface )is equal to the 
energy  absorbed per unit volume 

dA
dU

( )VddU .i.e.,  

( )2
dAdz
dU

dxdydz
dU

d
dUdP ===
V

 
Substitution of vdtdz =  ( v  is the speed 
of radiation) into the equation above 
gives 

( ) ( )3
v

dD
v
dAdtdU

d
dUdP ===
V

 
Since   dFdPdA =  we can write: 

( )4
v

dUdFdt=

However we know that dtdpdF= , then 

( )5
v

dUdp =

 From this equation it follows that  

rn
c
U

c
c

v
Up =⎟

⎠
⎞

⎜
⎝
⎛=Δ  

Substitution into Eq. (1) yields 

( )61121 0

2

2
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WhereU , is the electromagnetic energy 
absorbed by the particle;   is the index 
of refraction. 

rn
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          Equation (6) can be rewritten in 
the following form 

( )71121 0

2

2 irg mn
c
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ρ

Where  VUW =  is the density of 
electromagnetic energy and V0im=ρ  
is the density of inertial mass. 
          The Eq. (7) is the expression of the 
quantum correlation between the  
gravitational mass and the  inertial mass 
as a function of the density of 
electromagnetic energy.  This is also the 
expression of correlation between 
gravitation and electromagnetism.  
          The density of electromagnetic 
energy in an electromagnetic field can be 
deduced from Maxwell’s equations [2] 
and has the following expression  

( )82
2
12

2
1 HEW με +=    

It is known that HB μ= , rkBE ω=  [3] 
and 

( )
( )9

11
2

2 ⎟
⎠
⎞⎜

⎝
⎛ ++

===

ωεσ
μεκ

ω

rrr

c
dt
dzv

Where    is     the    real part of the 
propagation vector 

rk
k
r

(also called phase 
constant [4]); ir ikkkk +==

r
 ; ε , μ and σ,   

are the electromagnetic characteristics of 
the medium in which the incident (or 
emitted) radiation is propagating   
( 0εεε r=  where rε  is the relative 
dielectric permittivity and  
;

mF/10854.8 12
0

−×=ε

0μμμ r=  where rμ  is the relative 
magnetic permeability and ; m/H7

0 104 −×= πμ
σ  is the electrical conductivity). It is 
known that for free-space 0=σ and 

1== rr με  then Eq. (9) gives 
( )10cv =

 From (9) we see that the index of 
refraction  vcnr =   will be given by 

( ) ( )1111
2

2 ⎟
⎠
⎞⎜

⎝
⎛ ++== ωεσ

με rr
r v

cn

 

Equation (9) shows that vr =κω . Thus, 
vkBE r == ω , i.e., HvvBE μ== . 

Then, Eq. (8) can be rewritten in the 
following form: 

( ) ( )122
2
122

2
1 HHvW μμμε +=

For ωεσ << , Eq. (9) reduces to 

rr

cv
με

=

Then, Eq. (12) gives 
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This equation can be rewritten in the 
following forms: 

( )14
2

μ
BW =

or 
( )152EW ε=

For ωεσ >> , Eq. (9) gives 

( )162
μσ
ω

=v

Then, from Eq. (12) we get 
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Since HvvBE μ== , we can rewrite (17) 
in the following forms: 

( )18
2

2

μ
BW ≅

 or 

( )19
4
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⎜
⎝
⎛≅
ω
σ

By comparing equations (14) (15) (18) 
and (19) we see that Eq. (19) shows that 
the better way to obtain a strong value of 

 in practice is by applying an Extra 
Low-Frequency (ELF) electric field 
W

( )Hzfw 12 <<= π  through a mean with 
high electrical conductivity.  
          Substitution of Eq. (19) into Eq. 
(7), gives 
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This equation shows clearly that if an 
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electrical conductor mean has 

 and31 −<< mKg.ρ 1>>σ , then it is 
possible obtain strong changes in its 
gravitational mass, with a relatively small 
ELF electric field. An electrical conductor 
mean with  is obviously a 
plasma.  

31 −<< mKg.ρ

          There is a very simple way to test 
Eq. (20). It is known that inside a 
fluorescent lamp lit there is low-pressure 
Mercury    plasma.   Consider    a     20W  
T-12 fluorescent lamp (80044– 
F20T12/C50/ECO GE, Ecolux® T12), 
whose characteristics and dimensions 
are well-known [5]. At around 

, an optimum mercury 
vapor pressure of  
is obtained, which is required for 
maintenance of high luminous efficacy 
throughout life. Under these conditions, 
the mass density of the Hg plasma can 
be calculated by means of the well-
known Equation of State 

KT 015318.≅
23 80106 −− =×= mNTorrP ..

( )210

ZRT
PM

=ρ

Where   is the 
molecular mass of the Hg; 

1
0 20060 −= molkgM ..

1≅Z  is the 
compressibility factor for the Hg plasma; 

 is the gases 
universal constant. Thus we get 

1013148 −−= KmoljouleR ...

( )22100676 35 −−×≅ mkgplasmaHg ..ρ
The electrical conductivity of the Hg 
plasma can be deduced from the   
continuum form of Ohm's Law Ej

rr
σ= , 

since the operating current through the 
lamp and the current density are well-
known and respectively given by 

 [Ai 350.= 5] and 2
4 intφπiSijlamp == , where 

mm136.int =φ   is the inner diameter of the 
lamp. The voltage drop across the 
electrodes of the lamp is  [V57 5] and the 
distance between them l . Then 
the electrical field along the lamp  is 

given by 

( )234193 1−== mS
E
j

lamp

lamp
plasmaHg ..σ

Substitution of (22) and (23) into (20) 
yields 
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Thus, if an Extra Low-Frequency electric 
field  with the following 
characteristics:  and 

ELFE
1100 −≈ mVEELF .

mHZf 1<  is applied through the 
Mercury plasma then a strong decrease 
in the gravitational mass of the Hg 
plasma will be produced.  
          It was shown [1] that there is an 
additional effect of gravitational shielding 
produced by a substance under these 
conditions. Above the substance the 
gravity acceleration  is reduced at the 
same ratio

1g

0ig mm=χ , i.e., , 
(

gg χ=1

g is the gravity acceleration  under the 
substance). Therefore, due to the 
gravitational shielding effect produced by 
the decrease of )  in the region 

where the ELF electric field  is 
applied, the gravity acceleration just 
above this region will be given by  

( plasmaHggm
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          The trajectories of the 
electrons/ions through the lamp are 
determined by the electric field along 
the lamp. If the ELF electric field across 
the lamp  is much greater than , 
the current through the lamp can be 
interrupted.  However, if

lampE

ELFE lampE

lampELF EE << , these 
trajectories will be only slightly modified.  
Since here , then we can 

arbitrarily choose .  This 
means that the maximum voltage drop, 
which can be applied across the metallic 

1100 −= mVElamp .
133 −≅ mVEELF .max

mm570=
lampE

1100570057 −== mVmVElamp .. . 
Thus, we have 
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= φ

plates, placed at distance d , is equal to 
the outer diameter (max *) of the 
bulb  of the 20W T-12 Fluorescent 
lamp, is given by   

max
lampφ

VEV lampELF 51.maxmax
max ≅

Since [mmlamp 340.max =φ 5].      

          Substitution of  into 
(25) yields  

133 −≅ mVEELF .max
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Note that, for , the 
gravity acceleration can be strongly 
reduced.  These conclusions show that 
the ELF Voltage Source of the set-up 
shown in Fig.1 should have the following 
characteristics: 

HzmHzf 3101 −=<

 
 - Voltage range: 0 – 1.5 V 
 - Frequency range: 10-4Hz – 10-3Hz 
  
          In the experimental arrangement 
shown in Fig.1, an ELF electric field with 
intensity dVEELF =  crosses the 
fluorescent lamp; V  is the voltage drop 
across the metallic plates of the 
capacitor and .  
When the ELF electric field is applied, 
the gravity acceleration just above the 
lamp (inside the dotted box) decreases 
according to (25) and the changes can 
be measured by means of the system 
balance/sphere presented on the top of 
Figure 1.  

mmd lamp 340.max == φ

          In Fig. 2 is presented an 
experimental arrangement with two 
fluorescent lamps in order to test the 
gravity acceleration above the second 
lamp. Since gravity acceleration above 
the first lamp is given by 

( gg plasmaHg )
rr

11 χ= , where  

                                           
* After heating.  
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Then, above the second lamp, the 
gravity acceleration becomes  
 

( ) ( ) ( ) ( )2812122 ggg plasmaHgplasmaHgplasmaHg
rrr χχχ ==

 where 

( )
( )

( )

( )

( )
( )291109091121 3

2

4
217

2

2
2

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−×+−=

==

−

ELF

ELF

plasmaHgi

plasmaHgg
plasmaHg

f
E

m

m

.

χ

Then, results 
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( )
( )301109091121

1109091121

3
2

4
217

3
1

4
1172

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−×+−×

×
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−×+−=

−

−

ELF

ELF

ELF

ELF

f
E

f
E

g
g

.

.

 
From Eq. (28), we then conclude that if 

( ) 01 <plasmaHgχ  and also ( ) 02 <plasmaHgχ , 

then  will have the same direction 
of . This way it is possible to intensify 
several times the gravity in the direction 
of

2g
g

gr . On the other hand, if ( ) 01 <plasmaHgχ  

and ( ) 02 >plasmaHgχ  the direction of 2gr  will 
be contrary to direction of . In this case 
will be possible to intensify and 
become

gr

2gr  repulsive in respect to gr .  
          If we put a lamp above the second 
lamp, the gravity acceleration above the 
third lamp becomes  

( )

( ) ( ) ( ) ( )31123

233

g

gg

plasmaHgplasmaHgplasmaHg

plasmaHg
r

rr

χχχ

χ

=

==

or 
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( )

( )

( )

( )

( )

( )
( )321109091121

1109091121

1109091121

3
3

4
317

3
2

4
217

3
1

4
1173

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−×+−×

×
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−×+−×

×
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−×+−=

−

−

−

ELF

ELF

ELF

ELF

ELF

ELF

f

E

f

E

f

E
g
g

.

.

.

If  and  ( ) ( ) ( ) ffff ELFELFELF === 321

 

 
( ) ( ) ( )

.2sin814.24
3.40sin

0

0

321

ftV
mmtV

VEEE ELFELFELF

π
ω

φ

=
==

====

 

Then, for 4Tt =  we get 
( ) ( ) ( ) 0321 81424 VEEE ELFELFELF .=== . 

Thus, Eq. (32) gives 

( )331102377121

3

3

4
0123

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−×+−= −

f
V

g
g .

For  and  VV 510 .= mHzf 20.=

( )20.83min12504 === sTt  the gravity 
acceleration  above the third lamp will 
be given by 

3gr

gg rr 12653 .−=
Above the second lamp, the gravity 
acceleration given by (30), is  

gg rr 2.9722 +=    . 
According to (27) the gravity acceleration 
above the first lamp is 

gg rr -1,7241 =
Note that, by this process an 
acceleration  can be increased several 
times in the direction of  or in the 
opposite direction.  

gr

gr

          In the experiment proposed in Fig. 
1, we can start with ELF voltage 
sinusoidal wave of amplitude VV 010 .=  
and frequency . Next, the frequency 
will be progressively decreased down 
to , ,  and 

. Afterwards, the amplitude of the 
voltage wave must be increased to 

and the frequency decreased 
in the above mentioned sequence.                        

mHz1

mHz80. mHz60. mHz40.
mHz20.

VV 510 .=

          Table1 presents the theoretical 
values for  and , calculated 
respectively by means of (25) and 
(30).They are also plotted on Figures 5, 
6 and 7 as a function of the 
frequency .  

1g 2g

ELFf
          Now consider a chamber filled 
with Air at  and 300K as 
shown in Figure 8 (a). Under these 
circumstances, the mass density of the 
air inside the chamber, according to Eq. 
(21) is .  

torr12103 −×

31510944 −−×≅ mkgair ..ρ
          If the frequency of the magnetic 
field, B , through the air is  then 

. Assuming that 
the electric conductivity of the air inside 
the chamber,

Hzf 60=

mSf /91032 −×≅= επωε

( )airσ  is much less thanωε , 
i.e., ( ) ωεσ <<air  (The atmospheric air 
conductivity is of the order of 

 [115101002 −−×− mS . 6, 7]) then we can 
rewritten the Eq. (11) as follows 
 

( ) ( )341≅≅ rrairrn με

 
From Eqs. (7), (14) and (34) we thus 
obtain 

( ) ( ) ( )

[ ]{ } ( ) ( )3511023121

1121

46

2

2

2

airi

airiairr
airair

airg

mB

mn
c

Bm

−×+−=

=
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−=

.

ρμ

 
Therefore, due to the gravitational 
shielding effect produced by the 
decreasing of , the gravity 
acceleration above the air inside the 
chamber will be given by 

( )airgm

( )

( )

[ ]{ }gB

g
m
m

gg
airi

airg
air

11023121 46 −×+−=

===′

.

χ
 

  
         Note that the gravity acceleration 
above the air becomes negative 
for .  TB 21052 −×> .
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          For  the gravity 
acceleration above the air becomes 

TB 10.=

  
gg 832.−≅′  

 
Therefore the ultra-low pressure air 
inside the chamber, such as the Hg 
plasma inside the fluorescent lamp, 
works like a Gravitational Shield that in 
practice, may be used to build  Gravity 
Control Cells (GCC) for several practical 
applications.  
          Consider for example the GCCs of 
Plasma presented in Fig.3. The 
ionization of the plasma can be made of 
several manners. For example, by 
means of an electric field between the 
electrodes (Fig. 3(a)) or by means of a 
RF signal (Fig. 3(b)).  In the first case the 
ELF electric field and the ionizing electric 
field can be the same.  
          Figure 3(c) shows a GCC filled 
with air (at ambient temperature and 1 
atm) strongly ionized by means of alpha 
particles emitted from 36 radioactive ions 
sources (a very small quantity of 
Americium 241†). The radioactive 
element Americium has a half-life of 432 
years, and emits alpha particles and low 
energy gamma rays ( )KeV60≈ . In order 
to shield the alpha particles and gamma 
rays emitted from the Americium 241 it is 
sufficient to encapsulate the GCC with 
epoxy. The alpha particles generated by 
the americium ionize the oxygen and 
                                           
† The radioactive element Americium (Am-241) is 
widely used in ionization smoke detectors. This 
type of smoke detector is more common because 
it is inexpensive and better at detecting the 
smaller amounts of smoke produced by flaming 
fires. Inside an ionization detector there is a small 
amount (perhaps 1/5000th of a gram) of 
americium-241. The Americium is present in 
oxide form (AmO2) in the detector. The cost of 
the AmO2 is US$ 1,500 per gram. The amount of 
radiation in a smoke detector is extremely small. 
It is also predominantly alpha radiation. Alpha 
radiation cannot penetrate a sheet of paper, and 
it is blocked by several centimeters of air. The 
americium in the smoke detector could only pose 
a danger if inhaled.  
 

nitrogen atoms of the air in the 
ionization chamber (See Fig. 3(c)) 
increasing the electrical conductivity of 
the air inside the chamber. The high-
speed alpha particles hit molecules in 
the air and knock off electrons to form 
ions, according to the following 
expressions 
 

++−+++

++−+++

++→+

++→+

ee

ee

HeNHN

HeOHO

22

22  

 
          It is known that the electrical 
conductivity is proportional to both the 
concentration and the mobility of the ions 
and the free electrons, and is expressed 
by 

iiee μρμρσ +=  
Where eρ  and iρ  express respectively 
the concentrations ( )3mC  of electrons 
and ions; eμ and iμ are respectively the 
mobilities of the electrons and the ions.  
          In order to calculate the electrical 
conductivity of the air inside the 
ionization chamber, we first need to 
calculate the concentrations eρ  and iρ .  
We start calculating the disintegration 
constant,λ , for the Am 241 : 

( )
111

7 1015
10153432

69306930
2
1

−−×=
×

== s
sT

.
.
..λ

Where yearsT 4322
1

=  is the half-life of 
the Am 241. 
          One  of an isotope has mass 
equal to atomic mass of the isotope 
expressed in kilograms. Therefore, of 
Am 241 has 

kmole

g1

kmoles
kmolekg
kg 6

3

10154
241

10 −
−

×= .  

One  of any isotope contains the 
Avogadro’s number of atoms. Therefore 

of Am 241 has 

kmole

g1
 

atomskmoleatoms
kmolesN

2126

6

10502100256
10154

×=××

××= −

..
.

 
Thus, the activity [8] of the sample is 
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 disintegrations/s.  111031 ×== .NR λ
 
However, we will use 36 ionization 
sources each one with 1/5000th of a 
gram of Am 241. Therefore we will only 
use of Am 241. Thus, g31027 −×. R  
reduces to: 
 
      disintegrations/s 910≅= NR λ
  
This means that at one second, about 

 hit molecules in the air 
and knock off electrons to form ions 

and inside the ionization chamber. 
Assuming that each alpha particle yields 
one ion at each 

particlesα910

+
2O +

2N

9101 second then the 
total number of ions produced in one 
second will be ionsNi

1810≅ . This 
corresponds to an ions concentration 

( )310 mCeN ii V.V ≈=ρ  
Where V  is the volume of the ionization 
chamber. Obviously, the concentration of 
electrons will be the same, i.e., ie ρρ = . 
For  and cmd 2= cm20=φ  (See Fig.3(c)) 
we obtain 

( ) ( ) 3422
4 10286102200 m−− ×=×= ..V π The

n we get:  
 

3210 mCie ≈= ρρ  
 
This corresponds to the minimum 
concentration level in the case of   
conducting materials. For these 
materials, at temperature of 300K, the 
mobilities eμ  and iμ  vary from 10  up 
to  [112100 −− sVm 9]. Then we can assume 
that . (minimum 
mobility level for conducting materials). 
Under these conditions, the electrical 
conductivity of the air inside the 
ionization chamber is 

11210 −−≈= sVmie μμ

 
1310 −≈+= mSiieeair .μρμρσ  

 
      At temperature of 300K, the air 
density inside the GCC, is 

. Thus, for 314521 −= mkgair ..ρ cmd 2= , 
 and  Eq. (20) 

gives 

1310 −≈ mSair .σ Hzf 60=

( )

( )

[ ]{ }110103121

1
44

121

416

24

43

2

−×+−=

=
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−=

==

−
rms

air

rmsair

airi

airg
air

V

d
V

fc

m
m

.

ρπ
σμ

χ

 

Note that, for KVVrms 967.≅ , we obtain: 

( ) 0≅airχ . Therefore, if the voltages 
range of this GCC is:  then it is 
possible to reach

KV100 −
1−≅airχ  when 

KVVrms 10≅ .  
          It is interesting to note that airσ can 
be strongly increased by increasing the 
amount of Am 241. For example, by 
using of Am 241 the value of g10. R  
increases to: 
 
      disintegrations/s 1010≅= NR λ
 
This means ionsNi

2010≅   that yield 

( )310 mCeN ii VV ≈=ρ
Then, by reducing,  and d φ  
respectively, to 5mm and  to 11.5cm, the 
volume of the ionization chamber 
reduces to: 

( ) ( ) 3532
4 101951051150 m−− ×=×= ..V π

Consequently, we get:  
 

3510 mCie ≈= ρρ  
 
Assuming that ,  
then the electrical conductivity of the air 
inside the ionization chamber becomes 

11210 −−≈= sVmie μμ

 
1610 −≈+= mSiieeair .μρμρσ  

 
This reduces for  the voltage 
necessary to yield 

VVrms 818.≅

( ) 0≅airχ  and reduces 
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to  the voltage necessary to 
reach

VVrms 523.≅
1−≅airχ .  

          If the outer surface of a metallic 
sphere with radius  is covered with a 
radioactive element (for example Am 
241), then the electrical conductivity of 
the air (very close to the sphere) can be 
strongly increased (for example up 
to ). By applying a low-
frequency electrical potential  to the 
sphere, in order to produce an electric 
field  starting from the outer surface 
of the sphere, then very close to the 
sphere the low-frequency electromagnetic 
field is 

a

1610 −≅ msair .σ

rmsV

rmsE

aVE rmsrms = , and according to 
Eq. (20), the gravitational mass of the air 
in this region expressed by 

( ) ( )airi
air

rmsair
airg m

a
V

fc
m 024

43

2
0 1

44
121

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−=

ρπ
σμ , 

can be easily reduced, making possible 
to produce a controlled Gravitational 
Shielding (similar to a GCC) surround 
the sphere.  
          This becomes possible to build a 
spacecraft to work with a gravitational 
shielding as shown in Fig. 4.  
           The gravity accelerations on the 
spacecraft (due to the rest of the 
Universe. See Fig.4) is given by 
 
           iairi gg χ=′         i = 1, 2, 3 … n 
 
Where ( ) ( )airiairgair mm 0=χ . Thus, the 
gravitational forces acting on the 
spacecraft are given by 
 

( )iairgigis gMgMF χ=′=  
 
By reducing the value of airχ , these 
forces can be reduced.           
          According to the Mach’s principle; 
 
    “The local inertial forces are 
determined by the gravitational 
interactions of the local system with the 
distribution of the cosmic masses”.  

Thus, the local inertia is just the 
gravitational influence of the rest of 
matter existing in the Universe. 
Consequently, if we reduce the 
gravitational interactions between a 
spacecraft and the rest of the Universe, 
then the inertial properties of the 
spacecraft will be also reduced. This 
effect leads to a new concept of 
spacecraft and space flight.  
          Since airχ  is given by 
 

( )

( ) ⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−== 1

44
121 24

43

2
0

0 air

rmsair

airi

airg
air a

V
fcm

m
ρπ

σμχ  

 
Then, for , , 1610 −≅ msair .σ Hzf 6= ma 5= , 

 and  we get 31 −≅ mKgair .ρ KVVrms 353.=
 

0≅airχ
 
Under these conditions, the gravitational 
forces upon the spacecraft become 
approximately nulls and consequently, 
the spacecraft practically loses its inertial 
properties.  
          Out of the terrestrial atmosphere, 
the gravity acceleration upon the 
spacecraft is negligible and therefore the 
gravitational shielding is not necessary. 
However, if the spacecraft is in the outer 
space and we want to use the 
gravitational shielding then, airχ must be 
replaced by vacχ  where 
  

( )

( ) ⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−== 1

44
121 24

43

2
0

0 vac

rmsvac

vaci

vacg
vac a

V
fcm

m
ρπ

σμ
χ

 
          The electrical conductivity of the 
ionized outer space (very close to the 
spacecraft) is small; however, its density 
is remarkably small ( )31610 −−<< mKg. , in 
such a manner that the smaller value of 
the factor 23

vacvac ρσ  can be easily 
compensated by the increase of .  rmsV
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          It was shown that, when the 
gravitational mass of a particle is 
reduced to ranging between  
to , it becomes imaginary [

iM1590.+

iM1590.− 1], 
i.e., the gravitational and the inertial 
masses of the particle become 
imaginary. Consequently, the particle 
disappears from our ordinary space-time. 
However, the factor 

( ) ( )imaginaryiimaginaryg MM=χ  remains real 
because 

( )

( )
real

M
M

iM
iM

M
M

i

g

i

g

imaginaryi

imaginaryg ====χ

Thus, if the gravitational mass of the 
particle is reduced by means of 
absorption of an amount of 
electromagnetic energy U , for example, 
we have 

( )
⎭
⎬
⎫

⎩
⎨
⎧

⎥⎦
⎤

⎢⎣
⎡ −+−== 1121

22
0cmU

M
M

i
i

gχ

 This shows that the energyU of the 
electromagnetic field remains acting on 
the imaginary particle. In practice, this 
means that electromagnetic fields act on 
imaginary particles. Therefore, the 
electromagnetic field of a GCC remains 
acting on the particles inside the GCC 
even when their gravitational masses 
reach the gravitational mass ranging 
between  to −  and 
they become imaginary particles. This is 
very important because it means that the 
GCCs of a gravitational spacecraft keep 
on working when the spacecraft 
becomes imaginary. 

iM1590.+ iM1590.

)

          Under these conditions, the gravity 
accelerations on the imaginary 
spacecraft particle (due to the rest of the 
imaginary Universe) are given by  
 

.,...,,, njgg jj 321==′ χ
 
Where ( ) (imaginaryiimaginaryg MM=χ   

and ( )
2
jimaginarygjj rGmg −= .  Thus, the 

gravitational forces acting on the 
spacecraft are given by 

( )

( ) ( )( )
( ) .22

2

jgjgjgjg

jimaginarygjimaginaryg

jimaginaryggj

rmGMriGmiM

rGmM

gMF

χχ

χ

+=−=

=−=

=′=

Note that these forces are real. Remind 
that, the Mach’s principle says that the 
inertial effects upon a particle are 
consequence of the gravitational 
interaction of the particle with the rest of 
the Universe. Then we can conclude that 
the inertial forces upon an imaginary 
spacecraft are also real. Consequently, it 
can travel in the imaginary space-time 
using its thrusters. 
          It was shown that, imaginary 
particles can have infinite speed in the 
imaginary space-time [1] . Therefore, this 
is also the speed upper limit for the 
spacecraft in the imaginary space-time.  
          Since the gravitational spacecraft 
can use its thrusters after to becoming 
an imaginary body, then if the thrusters 
produce a total thrust  and 
the gravitational mass of the spacecraft 
is reduced from  down 

to , the acceleration of the 

spacecraft will be, 

kNF 1000=

kgMM ig
510==

kgM g
610−≅

21210 −≅= smMFa g . . 
With this acceleration the spacecraft 
crosses the “visible” Universe 
( ) in a time interval mddiameter 2610≈=

monthssmadt 5510412 17 ... ≅×≅=Δ −           
Since the inertial effects upon the 
spacecraft are reduced by 

1110−≅ig MM  then, in spite of the 
effective spacecraft acceleration be 

, the effects for the crew 
and for the spacecraft will be equivalent 
to an acceleration given by 

11210 −= sma .

a′
110 −≈=′ sma

M
M

a
i

g .

This is the order of magnitude of the 
acceleration upon of a commercial jet 
aircraft. 
          On the other hand, the travel in the 
imaginary space-time can be very safe, 
because there won’t any material body 
along the trajectory of the spacecraft. 
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          Now consider the GCCs presented 
in Fig. 8 (a). Note that below and above 
the air are the bottom and the top of the 
chamber. Therefore the choice of the 
material of the chamber is highly 
relevant. If the chamber is made of steel, 
for example, and the gravity acceleration 
below the chamber is  then at the 
bottom of the chamber, the gravity 
becomes

g

gg steelχ=′ ; in the air, the 
gravity is ggg steelairair χχχ =′=′′  . At the top 

of the chamber, . 
Thus, out of the chamber (close to the 
top) the gravity acceleration becomes 

. (See Fig. 8 (a)). However, for the 
steel at and , we 
have  

( ) ggg airsteelsteel χχχ 2=′′=′′′

g ′′′

TB 300< Hzf 6101 −×=

( )

( )

( )

( )
11

4
121

22

4

≅
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−+−==

cf

B
m
m

steel

steel

steeli

steelg
steel μρπ

σ
χ

Since ,161011 −×= mSsteel ..ρ 300=rμ  and 

.  ( )
37800 −= mksteel .ρ

          Thus, due to 1≅steelχ  it follows 
that     

gggg airair χχ ≅′=′′≅′′′
           If instead of one GCC we have 
three GCC, all with steel box (Fig. 8(b)), 
then the gravity acceleration above the 
second GCC, will be given by 2g

ggg airairair χχχ ≅≅ 12

and the gravity acceleration above the 
third GCC, will be expressed by 3g

ggg airair
3

3 χχ ≅′′≅
 
 
III. CONSEQUENCES 
  
          These results point to the 
possibility to convert gravitational energy 
into rotational mechanical energy. 
Consider for example the system 
presented in Fig. 9. Basically it is a motor 
with massive iron rotor and a box filled 
with gas or plasma at ultra-low pressure 
(Gravity Control Cell-GCC) as shown in 
Fig. 9. The GCC is placed below the 

rotor in order to become negative the 
acceleration of gravity inside half of the 
rotor ( )( )ngggg airairsteel −=≅=′ χχχ 2 . 
Obviously this causes a torque 

( )rFFT +′−=  and the rotor spins with 
angular velocityω . The average 
power, , of the motor is given by P
 

( )[ ] ( )36ωω rFFTP +′−==
Where 
 

gmF g ′=′ 2
1 gmF g2

1=  
 
and ig mm ≅ ( mass of the rotor ). Thus, 
Eq. (36) gives 

( ) ( )37
2

1
rgm

nP i ω
+=

On the other hand, we have that 
( )382rgg ω=+′−

Therefore the angular speed of the rotor 
is given by 

( ) ( )391
r

gn +
=ω

 
By substituting (39) into (37) we obtain 
the expression of the average power of 
the gravitational motor, i.e., 

( ) ( )401 33
2
1 rgnmP i +=

Now consider an electric generator 
coupling to the gravitational motor in 
order to produce electric energy.   
          Since fπω 2=  then for Hzf 60=    
we have .   rpmsrad 3600120 1 == −.πω
          Therefore for  and 1120 −= srad .πω

788=n  ( )TB 220.≅   the Eq. (40) tell us 
that we must have  

( ) mgnr 054501
2 .=

+
=

ω
Since 3Rr =  and  where hRmi

2ρπ= ρ , 
R     and     are respectively the mass 
density, the radius and the height of the  

h

rotor then for  and 
(iron) we obtain  

mh 50.=
37800 −= mKg .ρ

 
kgmi 05327.=  
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Then Eq. (40) gives 

( )4129421910192 5 HPKWwattsP ≅≅×≅ .
This shows that the gravitational motor 
can be used to yield electric energy at 
large scale.  
          The possibility of gravity control 
leads to a new concept of spacecraft 
which is presented in Fig. 10. Due to the 
Meissner effect, the magnetic field B is 
expelled from the superconducting shell. 
The Eq. (35) shows that a magnetic 
field, B , through the aluminum shell of 
the spacecraft reduces its gravitational 
mass according to the following 
expression: 
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If the frequency of the magnetic field is 
 then we have that Hzf 410−=

( ) ωεσ >>Al  since the electric 
conductivity of the aluminum 
is . In this case, the 
Eq. (11) tell us that  

( )
1710823 −×= mSAl ..σ

( )
( ) ( )43

4

2

f
c

n Al
Alr π

σμ
=

Substitution of (43) into (42) yields 
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Since the mass density of the Aluminum 
is then the Eq. (44) 
can be rewritten in the following form: 

( )
32700 −= mkgAl .ρ

( )

( )
[{ ( )45110683121 48 −×+−== − B

m
m

Ali

Alg
Al .χ ]}

In practice it is possible to adjust in 
order to become, for example, 

. This occurs to . 
(Novel superconducting magnets are 
able to produce up to  [

B

910−≅Alχ TB 376.≅

T.714 10, 11]). 
          Then the gravity acceleration in 
any direction inside the spacecraft, , 
will be reduced and given by 

lg ′

( )

( )
nlggg

m
m

g llAll
Ali

Alg
l ,..,,2110 9 =−≅==′ −χ

Where is the external gravity in the 
direction . We thus conclude that the 
gravity acceleration inside the spacecraft 
becomes negligible if . 
This means that the aluminum shell, 
under these conditions, works like a 
gravity shielding. 

lg
l

2910 −<< smgl .

          Consequently, the gravitational 
forces between anyone point inside the 
spacecraft with gravitational mass, , 
and another external to the spacecraft 
(gravitational mass ) are given by 

gjm

gkm

μ̂2
jk

gkgj
kj r

mm
GFF −=−=

rr
 

where ikgk mm ≅  and ijAlgj mm χ= . 
Therefore we can rewrite equation above 
in the following form 

μχ ˆ
2
jk

ikij
Alkj r

mm
GFF −=−=

rr

Note that when  the initial 
gravitational forces are 

0=B

μ̂2
jk

ikij
kj r

mm
GFF −=−=

rr

Thus, if  then the initial 
gravitational forces are reduced from 10

910−−≅Alχ
9 

times and become repulsives. 
          According to the new expression 
for the inertial forces [1], amF g

rr
= , we 

see  that these forces have origin in the 
gravitational interaction between a 
particle and the others of the Universe, 
just as  Mach’s principle predicts. Hence 
mentioned expression incorporates the 
Mach’s principle into Gravitation Theory, 
and furthermore reveals that the inertial 
effects upon a body can be strongly 
reduced by means of the decreasing of 
its gravitational mass.  
          Consequently, we conclude that if 
the gravitational forces upon the 
spacecraft are reduced from 109 times 
then also the inertial forces upon the 
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spacecraft will be reduced from 109 times 
when . Under these 
conditions, the inertial effects on the 
crew would be strongly decreased. 
Obviously this leads to a new concept of 
aerospace flight. 

910−−≅Alχ

          Inside the spacecraft the 
gravitational forces between the 
dielectric with gravitational mass,  
and the man   (gravitational mass, ),  
when  are 

gM

gm
0=B

( )462 μ̂
r

mM
GFF gg

Mm −=−=
rr

or 

( )472 μμ ˆˆ Mgg
g

m gmm
r

M
GF −=−=

r

( )48
2

μμ ˆˆ mgg
g

M gMM
r
m

GF +=+=
r

If the superconducting box under  
(Fig. 10) is filled with air at ultra-low 
pressure (3×10

gM

-12 torr, 300K for example) 
then, when , the gravitational mass 
of the air will be reduced according to 
(35). Consequently, we have 

0≠B

( ) ( )492
MairMairsteelM ggg χχχ ≅=′

( ) ( )502
mairmairsteelm ggg χχχ ≅=′

Then the forces mF
r

and become MF
r

( ) ( )51μχ ˆMairgm gmF −=
r

( ) ( )52μχ ˆmairgM gMF +=
r

Therefore if nair −=χ  we will have 
( )53μ̂Mgm gnmF +=

r

( )54μ̂mgM gnMF −=
r

Thus, mF
r

and become repulsive. 
Consequently, the man inside the 
spacecraft is subjected to a gravity 
acceleration given by 

MF
r

( )55
2
μχμ ˆˆ

r
M

Gnga g
airMman −==

r

Inside the GCC we have,  
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By ionizing the air inside the GCC              
(Fig. 10), for example, by means of a 

radioactive material, it is possible to 
increase the air conductivity inside the 
GCC up to . Then 

for ;  
(Air at 3 ×10

( )
1610 −≅ mSair .σ

Hzf 10= ( )
31510944 −−×= mkgair ..ρ

-12 torr, 300K) and we obtain 
[ ]{ } ( )5711108212 421 −−×+= Bair .χ

For TBB GCC 10.==  (note that,   due    to 
 the Meissner effect, the magnetic field 

 stay confined inside the 
superconducting box) the Eq. (57) yields 

GCCB

 
910−≅airχ

 
                   Since there is no magnetic 
field through the dielectric presented in 
Fig.10 then, i . Therefore if g MM ≅

KgMM ig 100=≅  and  the 
gravity acceleration upon the man, 
according to Eq. (55), is 

mrr 10 ≅=

110 −≅ smaman .
Consequently it is easy to see that this 
system is ideal to yield artificial gravity 
inside the spacecraft in the case of inter-
stellar travel, when the gravity 
acceleration out of the spacecraft - due 
to the Universe - becomes negligible.  
          The vertical displacement of the 
spacecraft can be produced by means of 
Gravitational Thrusters. A schematic 
diagram of a Gravitational Thruster is 
shown in Fig.11. The Gravitational 
Thrusters can also provide the horizontal 
displacement of the spacecraft.  
          The concept of Gravitational 
Thruster results from the theory of the 
Gravity Control Battery, showed in Fig. 8 
(b). Note that the number of GCC 
increases the thrust of the thruster. For 
example, if the thruster has three GCCs 
then the gravity acceleration upon the 
gas sprayed inside the thruster will be 
repulsive in respect to (See Fig. 
11(a)) and given by  

gM

( ) ( ) ( ) 2
0

343

r

M
Gga g

airsteelairgas χχχ −≅=

Thus, if inside the GCCs,    910−≅airχ
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(See Eq. 56 and 57) then the equation 
above gives 

2
0

2710
r
M

Ga i
gas +≅

For ,  and  
the thrust is   

kgMi 10≅ mr 10 ≅ kgmgas
1210−≅

NamF gasgas
510≅=

Thus, the Gravitational Thrusters are 
able to produce strong thrusts. 
          Note that in the case of very 
strong airχ , for example , the 
gravity accelerations upon the boxes of 
the second and third GCCs become very 
strong (Fig.11 (a)). Obviously, the walls 
of the mentioned boxes cannot to stand 
the enormous pressures. However, it is 
possible to build a similar system with 3 
or more GCCs, without material boxes. 
Consider for example, a surface with 
several radioactive sources (Am-241, for 
example). The alpha particles emitted 
from the Am-241 cannot reach besides 
10cm of air. Due to the trajectory of the 
alpha particles, three or more successive 
layers of air, with different electrical 
conductivities

910−≅airχ

1σ , 2σ  and 3σ , will be 
established in the ionized region (See 
Fig.11 (b)). It is easy to see that the 
gravitational shielding effect produced by 
these three layers is similar to the effect 
produced by the 3 GCCs shown in Fig. 
11 (a).  
          It is important to note that if  is 
force produced by a thruster then the 
spacecraft acquires acceleration 

 given by [

F

spacecrafta 1] 

( ) ( ) ( )AliinsideiAlspacecraftg
spacecraft mM

F
M

Fa
+

==
χ

 

Therefore if ;  
and (inertial mass of the 
aluminum shell) then it will be necessary 

 to produce 

910−≅Alχ ( ) KgM insidei
410=

( ) Kgm Ali 100=

kNF 10=
2100 −= smaspacecraft .

Note that the concept of Gravitational 
Thrusters leads directly to the 
Gravitational Turbo Motor concept (See 
Fig. 12). 

          Let us now calculate the 
gravitational forces between two very 
close thin layers of the air around the 
spacecraft. (See Fig. 13).  
          The gravitational force that 

 exerts upon , and the 
gravitational force  that  exerts 
upon   are given by 

12dF
1gdm 2gdm

21dF 2gdm

1gdm

( )58
2

12
2112 μ̂

r

dmdm
GFdFd gg−==

rr

Thus, the gravitational forces between 
the air layer 1, gravitational mass , 
and the air layer 2, gravitational mass 

, around  the spacecraft  are  

1gm
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 At 100km altitude the air pressure is 

torr3106915 −×.  and [( )
36109985 −−×= mkgair ..ρ 12].  

By ionizing the air surround the 
spacecraft, for example, by means of an 
oscillating electric field, , starting 
from the surface of the spacecraft ( See 
Fig. 13) it is possible to increase the air 
conductivity near the spacecraft up to 

 . Since  and, in 
this case 

oscE

( )
1610 −≅ mSair .σ Hzf 1=

( ) ωεσ >>air ,  then, according to 

Eq. (11), ( ) fcn airr πμσ 42= . From 
Eq.(56) we thus obtain 
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Then for TB 763=  the Eq. (60) gives 
 

[ ]{ } ( )6110110121 844 −≅−+−= Bair ~χ  
 
By substitution of  into Eq., 
(59) we get 

810−≅airχ

( )6210 2
2116

2112 μ̂
r
mm

GFF ii−=−=
rr
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If , and   

   we obtain  

kgmm airairii
8

2121 10−≅≅=≅ VV ρρ

mr 310−=
( )6310 4

2112 NFF −−≅−=
rr

 
These forces are much more intense 
than the inter-atomic forces (the forces 
which maintain joined atoms, and 
molecules that make the solids and 
liquids) whose intensities, according to 
the Coulomb’s law, is of the order of             
1-1000×10-8N. 
          Consequently, the air around the 
spacecraft will be strongly compressed 
upon their surface, making an “air shell” 
that will accompany the spacecraft 
during its displacement and will protect 
the aluminum shell of the direct attrition 
with the Earth’s atmosphere. 
          In this way, during the flight, the 
attrition would occur just between the “air 
shell” and the atmospheric air around 
her. Thus, the spacecraft would stay free 
of the thermal effects that would be 
produced by the direct attrition of the 
aluminum shell with the Earth’s 
atmosphere. 
         Another interesting effect produced 
by the magnetic field  B   of the 
spacecraft is the possibility of to lift a 
body from the surface of the Earth to the 
spacecraft as shown in Fig. 14. By 
ionizing the air surround the spacecraft, 
by means of an oscillating electric field, 

, the air conductivity near the 
spacecraft can reach, for example, 

. Then for 

oscE

( )
1610 −≅ mSair .σ Hzf 1= ; 

 and  (300K and 
1 atm) the Eq. (56) yields 

TB 840.= ( )
321 −≅ mkgair ..ρ
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⎡ −×+−= − Bairχ

 
Thus, the weight of the body becomes 

( ) ( ) ( )gmgmgmP bodyibodyiairbodygbody ′=== χ
Consequently, the body will be lifted on 
the direction of the spacecraft with 
acceleration 

1980 −+≅=′ smgg air ..χ
         Let us now consider an important 

aspect of the flight dynamics of a 
Gravitational Spacecraft. 
           Before starting the flight, the 
gravitational mass of the spacecraft, , 
must be strongly reduced, by means of a 
gravity control system, in order to 
produce – with a weak thrust , a strong 
acceleration, 

gM

F
r

ar , given by [1] 

gM
Fa
r

r
=  

In this way, the spacecraft could be 
strongly accelerated and quickly to reach 
very high speeds near speed of light.   
          If the gravity control system of the 
spacecraft is suddenly turned off, the 
gravitational mass of the spacecraft 
becomes immediately equal to its inertial 
mass, , iM ( )ig MM =′  and the velocity  

V
r

 becomes equal to V ′
r

. According to 
the Momentum Conservation Principle, 
we have that  

VMVM gg ′′=  
          Supposing that the spacecraft was 
traveling in space with speed cV ≈ , and 
that its gravitational mass it was 

KgMg 1=  and  then the 
velocity of the spacecraft is reduced to  

KgM i
410=

cV
M
M

V
M
M

V
i

g

g

g 410−≈=
′

=′  

Initially, when the velocity of the 
spacecraft is V

r
, its kinetic energy is 

( ) 2cmME ggk −= .  Where 221 cVmM gg −= .  
At the instant in which the gravity control 
system of the spacecraft is turned off, 
the kinetic energy becomes 

( ) 2cmME ggk ′−′=′ . Where 221 cVmM gg ′−′=′ . 
      We can rewritten the expressions of 

and kE kE′  in the following form 

( )
V
cVmVME ggk

2

−=

( )
V
cVmVME ggk ′

′′−′′=′
2

Substitution of pVMVM gg =′′= , 
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221 cVpVmg −=  and 221 cVpVmg ′−=′′  into 

the equations of  and  gives  kE kE′
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Therefore we conclude that kk EE ′>> . 
Consequently, when the gravity control 
system of the spacecraft is turned off, 
occurs an abrupt decrease in the kinetic 
energy of the spacecraft, , given by kEΔ
  

JcMpcEEE gkkk
172 10≈≈≈′−=Δ  

 
By comparing the energy  with the 
inertial energy of the spacecraft, 

, we conclude that 

kEΔ

2cME ii =

2410 cME
M
M

E ii
i

g
k

−≈≈Δ

The energy  (several megatons) 
must be released in very short time 
interval. It is approximately the same 
amount of energy that would be released 
in the case of collision of the spacecraft

kEΔ

‡. 
However, the situation is very different of 
a collision (  just becomes suddenly 
equal to ), and possibly the energy 

 is converted into a High Power 
Electromagnetic Pulse.  

gM

iM

kEΔ

                                           
‡ In this case, the collision of the spacecraft would 
release ≈1017J (several megatons) and it would be 
similar to a powerful kinetic weapon. 

         Obviously this electromagnetic 
pulse (EMP) will induce heavy currents 
in all electronic equipment that mainly 
contains semiconducting and conducting 
materials. This produces immense heat 
that melts the circuitry inside. As such, 
while not being directly responsible for 
the loss of lives, these EMP are capable 
of disabling electric/electronic systems. 
Therefore, we possibly have a new type 
of electromagnetic bomb. An 
electromagnetic bomb or E-bomb is a 
well-known weapon designed to disable 
electric/electronic systems on a wide 
scale with an intense electromagnetic 
pulse.    
          Based on the theory of the GCC it 
is also possible to build a Gravitational 
Press of ultra-high pressure as shown in 
Fig.15.   
          The chamber 1 and 2 are GCCs 
with air at 1×10-4torr, 300K 

( ) ( )( )3816 10510 −−− ×=≈ mkgmS airair .;. ρσ .
Thus, for Hzf 10= and  we 
have 
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          The gravity acceleration above the 
air of the chamber 1 is  

( )6410151 3
1 μμχχ ˆ.ˆ ×+≅= gg airstell
r

Since, in this case, 1≅steelχ ;  μ̂  is an 
unitary vector in the opposite direction of 
gr . 
          Above the air of the chamber 2 the 
gravity acceleration becomes 
 

( ) ( ) ( )651041 522
2 μμχχ ˆ.ˆ ×−≅= gg airstell
r

           
Therefore the resultant force R

r
 acting on 

,  and  is 2m 1m m
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where 

( )67

−≅steelρ

inn
2910 φ≅

4
2

22 ⎟
⎠
⎞

⎜
⎝
⎛== HVm innsteeldisksteel φπρρ

Thus, for we can write 
that  

3410 mkg .

HF2  
 
For the steel  
consequently we must have 

2925 1010 −− =≅ mkgcmkg ..τ

29
2 10 −< mkgSF .τ HS inn( πφτ = see Fig.15). 

This means that 
29

2910 −10< mkg
Hinn .

φ
Hinnπφ

Then we conclude that 
minn 13.<φ  

For minn 2=φ  and  the Eq. (67) gives mH 1=
kgm 4

2 103×≅

2410 mS −=

 Therefore from the Eq. (66) we obtain 
NR 1010≅  

Consequently, in the area  of 
the Gravitational Press, the pressure is 

          The GCCs can also be applied 
on generation and detection of 
Gravitational Radiation.             
          Consider a cylindrical GCC (GCC 
antenna) as shown in Fig.16 (a). The 
gravitational mass of the air inside the 
GCC is 
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By varying B  one can varies  and 
consequently to vary the gravitational 
field generated by , producing then 
gravitational radiation. Then a GCC can 
work like a Gravitational Antenna. 

( )airgm

( )airgm

          Apparently, Newton’s theory of 
gravity had no gravitational waves 
because, if a gravitational field changed 
in some way, that change took place 
instantaneously everywhere in space, 
and one can think that there is not a 
wave in this case. However, we have 
already seen that the gravitational 
interaction can be repulsive, besides 
attractive. Thus, as with electromagnetic 
interaction, the gravitational interaction 
must be produced by the exchange of 
"virtual" quanta of spin 1 and mass null, 
i.e., the gravitational "virtual" quanta 
(graviphoton) must have spin 1 and not 
2. Consequently, the fact of a change in 
a gravitational field reach 
instantaneously everywhere in space 
occurs simply due to the speed of the 
graviphoton to be infinite. It is known that 
there is no speed limit for “virtual” 
photons. On the contrary, the 
electromagnetic quanta (“virtual” 
photons) could not communicate the 
electromagnetic interaction an infinite 
distance.  

2−

211106173 −× mN ..

1410≅= mN
S
Rp .

          This enormous pressure is much 
greater than the pressure in the center of 
the Earth ( ) [13]. It is 
near of the gas pressure in the center of 
the sun ( ). Under the action 
of such intensities new states of matter 
are created and astrophysical 
phenomena may be simulated in the lab 
for the first time, e.g. supernova 
explosions. Controlled thermonuclear 
fusion by inertial confinement, fast 
nuclear ignition for energy gain, novel 
collective acceleration schemes of 
particles and the numerous variants of 
material processing constitute examples 
of progressive applications of such 
Gravitational Press of ultra-high 
pressure.      

216102 −× mN .

          Thus, there are two types of 
gravitational radiation: the real and 
virtual, which is constituted of 
graviphotons; the real gravitational 
waves are ripples in the space-time 
generated by gravitational field changes. 
According to Einstein’s theory of gravity 
the velocity of propagation of these 
waves is equal to the speed of light (c).   
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          Unlike the electromagnetic waves the 
real gravitational waves have low interaction 
with matter and consequently low scattering. 
Therefore real gravitational waves are 
suitable as a means of transmitting 
information. However, when the distance 
between transmitter   and   receiver    is too 
large, for example of the order of magnitude 
of several light-years, the transmission of 
information by means of gravitational waves 
becomes impracticable due to the long time 
necessary to receive the information. On the 
other hand, there is no delay during the 
transmissions by means of virtual 
gravitational radiation. In addition the   
scattering of this radiation is null. Therefore 
the virtual gravitational radiation is very 
suitable as a means of transmitting 
information at any distances including 
astronomical distances.            
                 As concerns detection of the 
virtual gravitational radiation from GCC 
antenna, there are many options. Due to 
Resonance Principle a similar GCC antenna 
(receiver) tuned at the same frequency can 
absorb energy from an incident virtual 
gravitational radiation (See Fig.16 (b)). 
Consequently, the gravitational mass of the 
air inside the GCC receiver will vary such as 
the gravitational mass of the air inside the 
GCC transmitter. This will induce a magnetic 
field similar to the magnetic field of the GCC 
transmitter and therefore the current through 
the coil inside the GCC receiver will have the 
same characteristics of the current through 
the coil inside the GCC transmitter. 
However, the volume and pressure of the air 
inside the two GCCs must be exactly the 
same; also the type and the quantity of 
atoms in the air inside the two GCCs must 
be exactly the same. Thus, the GCC 
antennas are simple but they are not easy to 
build. 
          Note that a GCC antenna radiates 
graviphotons and gravitational waves 
simultaneously (Fig. 16 (a)). Thus, it is    not 
only   a   gravitational antenna: it is a 
Quantum Gravitational Antenna because it 
can also emit and detect gravitational 
"virtual" quanta (graviphotons), which, in 
turn, can transmit information 
instantaneously from any distance in the 
Universe without scattering.  
          Due to the difficulty to build two similar 
GCC antennas and, considering that the 
electric current in the receiver antenna can 

be detectable even if the gravitational 
mass of the nuclei of the antennas are not 
strongly reduced, then we propose to 
replace the gas at the nuclei of the antennas 
by a thin dielectric lamina. The dielectric 
lamina with exactly 108 atoms (103atoms × 
103atoms × 102atoms) is placed between the 
plates (electrodes) as shown in Fig. 17. 
When the virtual gravitational radiation 
strikes upon the dielectric lamina, its 
gravitational mass varies similarly to the 
gravitational mass of the dielectric lamina of 
the transmitter antenna, inducing an 
electromagnetic field ( ,E B ) similar to the 
transmitter antenna. Thus, the electric 
current in the receiver antenna will have the 
same characteristics of the current in the 
transmitter antenna. In this way, it is then 
possible to build two similar antennas whose 
nuclei have the same volumes and the same 
types and quantities of atoms.  
          Note that the Quantum Gravitational 
Antennas can also be used to transmit 
electric power. It is easy to see that the 
Transmitter and Receiver (Fig. 17(a)) can 
work with strong voltages and electric 
currents. This means that strong electric 
power can be transmitted among Quantum 
Gravitational Antennas. This obviously 
solves the problem of wireless electric power 
transmission. 
        The existence of imaginary masses has 
been predicted in a previous work [1]. Here 
we will propose a method and a device using 
GCCs for obtaining images of imaginary 
bodies.   
          It was shown that the inertial 
imaginary mass associated to an electron is 
given by 

( ) ( ) ( )69
3

2
3

2
2 imi

c
hfm

realieimaie =⎟
⎠
⎞

⎜
⎝
⎛=

Assuming that the correlation between the 
gravitational mass and the inertial mass 
(Eq.6) is the same for both imaginary and 
real masses then follows that the 
gravitational imaginary mass associated to 
an electron can be written in the following 
form: 

( ) ( ) ( )701121
2

2 imaier
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Thus, the gravitational imaginary mass 
associated to matter can be reduced, made 
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negative and increased, just as the 
gravitational real mass. 
          It was shown that also photons have 
imaginary mass. Therefore, the imaginary 
mass can be associated or not to the matter.                                 
          In a general way, the gravitational 
forces between two gravitational imaginary 
masses are then given by 

( )( )
( )71ˆˆ

22
μμ

r

mM
G

r

imiM
GFF gggg +=−=−=

rr
 

Note that these forces are real and 
repulsive. 
          Now consider a gravitational 
imaginary mass, ( ) gimag imm = , not associated 
with matter (like the gravitational imaginary 
mass associated to the photons) and 
another gravitational imaginary mass 

 associated to a material 
body. 

( ) gimag iMM =

          Any material body has an imaginary 
mass associated to it, due to the existence 
of imaginary masses associated to the 
electrons. We will choose a quartz crystal 
(for the material body with gravitational 
imaginary mass ) because 
quartz crystals are widely used to detect 
forces (piezoelectric effect).  

( ) gimag iMM =

          By using GCCs as shown in Fig. 18(b) 
and Fig.18(c), we can increase the 
gravitational acceleration, , produced by 
the imaginary mass  upon the crystals. 
Then it becomes 

ar

gim

( )72
2

3

r

m
Ga g

airχ−=

As we have seen, the value of airχ  can be 

increased up to (See Eq.57).  
Note that in this case, the gravitational 
forces become attractive. In addition, if  
is not small, the gravitational forces between 
the imaginary body of mass and the 
crystals can become sufficiently intense to 
be easily detectable. 

910−≅airχ

gm

gim

          Due to the piezoelectric effect, the 
gravitational force acting on the crystal will 
produce a voltage proportional to its 
intensity. Then consider a board with 
hundreds micro-crystals behind a set of 
GCCs, as shown in Fig.18(c). By amplifying 
the voltages generated in each micro-crystal 
and sending to an appropriated data 
acquisition system, it will be thus possible to 

obtain an image of the imaginary body of 
mass  placed in front of the board.  ( )imagm
          In order to decrease strongly the 
gravitational effects produced by bodies 
placed behind the imaginary body of mass 

, one can put five GCCs making a 
Gravitational Shielding as shown in 
Fig.18(c).  If the GCCs are filled with air at 
300Kand

gim

torr12103 −× .Then   

and 1.  Thus, for  and 

31510944 −−×= mkgair ..ρ
14101 −−×≅ mSair .σ Hzf 60=

TB 70.≅  the Eq. (56) gives 
( )

( )
( )731015121 24 −−≅

⎭⎬
⎫

⎩⎨
⎧

⎥⎦
⎤

⎢⎣
⎡ −+−== B

m
m

airi

airg
airχ

For the gravitational shielding 
presented in Fig.18(c) will reduce any value 
of 

210−≅airχ

g  to .  This will be 
sufficiently to reduce strongly the 
gravitational effects proceeding from both 
sides of the gravitational shielding.   

ggair
105 10−≅χ

          Another important consequence of the 
correlation between gravitational mass and 
inertial mass expressed by Eq. (1) is the 
possibility of building Energy Shieldings 
around objects in order to protect them from 
high-energy particles and ultra-intense fluxes 
of radiation.  
          In order to explain that possibility, we 
start from the new expression [1] for the 
momentum  of a particle with gravitational 
mass  and velocityV , which is given by   

q

gM
( )74VMq g=

where 221 cVmM gg −=  and  [ig mm χ= 1].  
Thus, we can write 

( )75
11 2222 cV

m

cV

m ig

−
=

−

χ

 
Therefore, we get 

( )76ig MM χ=
It is known from the Relativistic Mechanics 
that  

( )772c
UVq =

where  is the total energy of the particle. 
This expression is valid for any velocity V of 
the particle, including . 

U

cV =
          By comparing Eq. (77) with Eq. (74) 
we obtain 



 20
( )782cMU g=  

It is a well-known experimental fact that 
( )792 hfcM i =

Therefore, by substituting Eq. (79) and Eq. 
(76) into Eq. (74), gives 

( )80
λ

χ h
c
Vq =

Note that this expression is valid for any 
velocity of the particle. In the particular 
case of , it reduces to  

V
cV =

( )81
λ

χ hq =

 
By comparing Eq. (80) with Eq. (77), we 
obtain 

( )82hfU χ=
 
Note that only for 1=χ the Eq. (81) and Eq. 
(82) are reduced to the well=known 
expressions of DeBroglie ( )λhq =  and 
Einstein .  ( )hfU =
          Equations (80) and (82) show for 
example, that any real particle (material 
particles, real photons, etc) that penetrates a 
region (with density ρ  and electrical 
conductivityσ ), where there is an ELF 
electric field E , will have its momentum  
and its energy U  reduced by the factor

q
χ , 

given by  
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          The remaining amount of momentum 
and energy, respectively given by 

( )
λ

χ h
c
V
⎟
⎠
⎞

⎜
⎝
⎛−1  and ( , are 

transferred to the imaginary particle 
associated to the real particle

) hfχ−1

§ (material 
particles or real photons) that penetrated the 
mentioned region.  
          It was previously shown that, when the 
gravitational mass of a particle is reduced to 
ranging between  to , 
i.e., when 

iM1590.+ iM1590.−
159.0<χ , it becomes imaginary 

[1], i.e., the gravitational and the inertial 
masses of the particle become imaginary. 
Consequently, the particle disappears from 
                                           
§ As previously shown, there are imaginary particles 
associated to each real particle [1].   

our ordinary space-time. It goes to the 
Imaginary Universe. On the other hand, 
when the gravitational mass of the particle 
becomes greater than , or less 
than  

iM1590.+

iM1590.− , i.e., when 159.0>χ , the 
particle return to our Universe.  
          Figure 19 (a) clarifies the 
phenomenon of reduction of the momentum 
for 159.0>χ , and Figure 19 (b) shows the 
effect in the case of 159.0<χ . In this case, 
the particles become imaginary and 
consequently, they go to the imaginary 
space-time when they penetrate the electric 
field E .  However, the electric field E  stays 
at the real space-time. Consequently, the 
particles return immediately to the real 
space-time in order to return soon after to 
the imaginary space-time, due to the action 
of the electric field E . Since the particles are 
moving at a direction, they appear and 
disappear while they are crossing the region, 
up to collide with the plate (See Fig.19) with 

a momentum, 
λ

χ h
c
Vq m ⎟
⎠
⎞

⎜
⎝
⎛= , in the case 

of the material particle, and 
λ

χ hqr =   in the 

case of the photon.  Note that by 
making 0≅χ , it is possible to block high-
energy particles and ultra-intense fluxes of 
radiation. These Energy Shieldings can be 
built around objects in order to protect them 
from such particles and radiation.  
          It is also important to note that the 
gravity control process described here points 
to the possibility of obtaining Controlled 
Nuclear Fusion by means of increasing of 
the intensity of the gravitational interaction 
between the nuclei. When the gravitational 
forces 2rmGmF ggG ′=  become greater than 

the electrical forces 2
04 rqqFE πε′=  

between the nuclei, then nuclear fusion 
reactions can occur.   
          Note that, according to Eq. (83), the 
gravitational mass can be strongly 
increased. Thus, if tEE m ωsin= , then the 

average value for 2E  is equal to 2
2

1
mE , 

because E  varies sinusoidaly ( is the 
maximum value for

mE
E ). On the other hand, 

2mrms EE = . Consequently, we can replace 
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4E  for . In addition, as 4

rmsE Ej σ=  (Ohm's 
vectorial Law), then Eq. (83) can be rewritten 
as follows 
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where and2710758.1 −×=K 2jjrms = .           
      Thus, the gravitational force equation 
can be expressed by 
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          The carbon fusion is a set of nuclear 
fusion reactions that take place in massive 
stars (at least at birth). It requires high 

temperatures ( ) and densities 
( ). The principal reactions are: 

sunM8

K8105×>
39 .103 −×> mkg

                           23Na + p + 2.24 MeV 
 
 12C + 12C →      20Ne + α + 4.62 MeV 
 
                           24Mg + γ +13.93 MeV 
In the case of Carbon nuclei (12C) of a thin 
carbon wire ( ; ) 
Eq. (86) becomes 

14 .104 −×≅ mSσ 13 .102.2 −×= mSρ
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whence we conclude that the condition for 
the 12C + 12C  fusion reactions occur is  

( )87107.1 4
3

18 fjrms ×>
If the electric current through the carbon wire 
has Extremely-Low Frequency (ELF), for 
example, if Hzf μ1= , then the current 
density, , must have the following value: rmsj

( )88.104.5 213 −×> mAjrms

Since Sij rmsrms =  where 42πφ=S is the 
area of the cross section of the wire, we can 
conclude that, for an ultra-thin carbon wire 

with mμ10 -diameter, it is necessary that 
the current through the wire, , have the 
following intensity 

rmsi

 
Akirms 24.4>

 
Obviously, this current will explode the 
carbon wire. However, this explosion 
becomes negligible in comparison with the 
very strong gravitational implosion, which 
occurs simultaneously due to the enormous 
increase in intensities of the gravitational 
forces among the carbon nuclei produced by 
means of the ELF current through the 
carbon wire as predicted by Eq. (85). Since, 
in this case, the gravitational forces among 
the carbon nuclei become greater than the 
repulsive electric forces among them the 
result is the production of 12C + 12C fusion 
reactions.  
          Similar reactions can occur by using a 
lithium wire. In addition, it is important to 
note that  is directly proportional 

to

rmsj

4
3

f (Eq. 87). Thus, for example, 

if , the current necessary to 
produce the nuclear reactions will be 

Hzf 810−=

Airms 130= .  
 
 
 IV.CONCLUSION 
 
        The process described here is clearly 
the better way in order to control the gravity. 
This is because the Gravity Control Cell in 
this case is very easy to be built, the cost is 
low and it works at ambient temperature. 
The Gravity Control is the starting point for 
the generation of and detection of Virtual 
Gravitational Radiation (Quantum 
Gravitational Transceiver) also for the 
construction of the Gravitational Motor and 
the Gravitational Spacecraft which includes 
the system for generation of artificial gravity 
presented in Fig.10 and the Gravitational 
Thruster (Fig.11).  While the Gravitational 
Transceiver leads to a new concept in 
Telecommunication, the Gravitational Motor 
changes the paradigm of energy conversion 
and the Gravitational Spacecraft points to a 
new concept in aerospace flight.  
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Fig. 1 – Gravitational Shielding Effect by means of an ELF electric field through  
              low- pressure Hg Plasma. 
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Fig. 2 – Gravity acceleration above a second fluorescent lamp. 
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plasmaHgg=1

 Fig. 3 – Schematic diagram of Gravity Control Cells (GCCs). 
(a) GCC where the ELF electric field and the ionizing electric field can be the same. (b) GCC
where the plasma is ionized by means of a RF signal. (c) GCC filled with air (at ambient 
temperature and 1 atm) strongly ionized by means of alpha particles emitted from radioactive
ions sources (Am 241, half-life 432 years). Since the electrical conductivity of the ionized air 
depends on the amount of ions then it can be strongly increased by increasing the amount of Am
241 in the GCC. This GCC has 36 radioactive ions sources each one with 1/5000th of gram of 
Am 241, conveniently positioned around the ionization chamber, in order to 
obtain 1310 −≅ mSair .σ . 
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Fig. 4 – Gravitational Shielding surround a Spherical Spacecraft. 
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Gravitational Shielding 
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          The gravity accelerations on the spacecraft (due to the rest of the Universe) can be controlled by 
means of the gravitational shielding, i.e., 
                                   g’i = χair gi     i = 1, 2, 3 … n 
Thus,  
                                  Fis= Fsi = Mg g’i = Mg (χair gi) 
Then the inertial forces acting on the spacecraft (s) can be strongly reduced. According to the Mach’s 
principle this effect can reduce the inertial properties of the spacecraft and consequently, leads to a new 
concept of spacecraft and aerospace flight.  

Erms (low frequency) 

g = G mg / r2

g’ = χair g 
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t = T /4 g1 / g  g2 / g  V = V0 
(Volts) (s) ( min) 

EELF (1) 
(V/m) 

fELF (1) 
(mHz) Exp. Teo. 

EELF (2) 
(V/m) 

fELF (2) 
(mHz)  Exp.  Teo.  

250 4.17 24.81 1 - 0.993 24.81 1 - 0.986 
312.5 5.21 24.81 0.8 - 0.986 24.81 0.8 - 0.972 
416.6 6.94 24.81 0.6 - 0.967 24.81 0.6 - 0.935 
625 10.42 24.81 0.4 - 0.890 24.81 0.4 - 0.792 

 
 
1.0 V 

1250 20.83 24.81 0.2 - 0.240 24.81 0.2 - 0.058 
250 4.17 37.22 1 - 0.964 37.22 1 - 0.929 

312.5 5.21 37.22 0.8 - 0.930 37.22 0.8 - 0.865 
416.6 6.94 37.22 0.6 - 0.837 37.22 0.6 - 0.700 
625 10.42 37.22 0.4 - 0,492 37.22 0.4 - 0.242 

 
 

1.5V 

1250 20.83 37.22 0.2 - -1,724 37.22 0.2 - 2.972 
 
 
 

Table 1 – Theoretical Results.  
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Fig. 5- Distribution of the correlation  g1/ g  as a function of  f ELF 
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Fig. 6- Distribution of the correlation  g2 / g  as a function of f ELF 
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Fig. 7- Distribution of the correlations  gi / g  as a function of  f ELF 
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Air at ultra-low pressure
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Fig. 8 – (a) Gravity Control Cell (GCC) filled with air at ultra-low pressure.     
             (b) Gravity Control Battery (Note that if 11

21 −== −χχ   then gg =′′ ) 
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Fig. 9 – The Gravitational Motor 
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Fig. 10 – The Gravitational Spacecraft – Due to the Meissner effect, the magnetic field 
B is expelled from the superconducting shell.  Similarly, the magnetic field BGCC, of the 

GCC stay confined inside the superconducting box.  
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Fig. 11 – The Gravitational Thruster .   
(a) Using material boxes.  (b) Without material boxes 

GCC 
     Mg 

 
FM 

GCC GCC agas 

Material  boxes 
(a) 

(b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Am - 241 

       σ3 <σ2     (χair 3) 
 
 
       σ2 <σ1      (χair 2) 

 
       σ1               (χair 1) 
 

 
     g’’’= χair 3 g’’= χair 3 χair 2 χair 1 g 
 
 
 
 
   g ’’ = χair 2 g ’ = χair 2 χair 1 g 
   g ’= χair 1 g   
 
 
 

α  
 
 
 
 
 
 
 
 
 
 
 
 

 
  
 

   g   
 
 
 
 
 
 
 
 
 
 
 
 



 34

GCC GCC GCC 
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Fig. 12 - The Gravitational Turbo Motor – The gravitationally accelerated gas, by 
means of the GCCs, propels the helix which movies the motor axis. 
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Fig. 13 – Gravitational forces between two layers of the “air shell”. The electric field Eosc 
provides the ionization of the air. 
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Fig. 14 – The Gravitational Lifter  
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Fig. 15 – Gravitational Press  
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Fig. 16 - Transmitter and Receiver of Virtual Gravitational Radiation.                         
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Fig. 17 – Quantum Gravitational Microantenna 
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Fig.18 – Method and device using GCCs for obtaining images of imaginary bodies. 
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                                                    (a) 
 * There are a type of neutrino, called "ghost” neutrino, predicted by General Relativity, with zero mass
and zero momentum. In spite its momentum be zero, it is known that there are wave functions that 
describe these neutrinos and that prove that really they exist.  

   

                                                    (b) 
ig. 19 – The phenomenon of reduction of the momentum. (a) Shows the reduction o

  

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
  
F f 
momentum for 159.0>χ . (b) Shows the effect when 159.0<χ . Note that in both cases, the 

material particles collide with the cowl with the momentum ( )( )λχ hcVq m = ,  and the 

photons with
λ

χ hqr =  . Therefore, that by making 0≅χ , it is possible to block high-energy 

particles and ultra-intense fluxes of radiation. 
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APPENDIX A: THE SIMPLEST METHOD TO CONTROL THE GRAVITY
  
          In this Appendix we show the simplest 
method to control the gravity.  
          Consider a body with mass density ρ  and 

the following electric characteristics: rμ , rε ,σ  
(relative permeability, relative permittivity and  
electric conductivity, respectively). Through this 
body, passes an electric current I , which is the 
sum of a sinusoidal current tiiosc ωsin0= and 

the DC current , i.e., DCI tiII DC ωsin0+=  

; fπω 2= . If  then . Thus, the 

current 
DCIi <<0 DCII ≅

I  varies with the frequency , but the 
variation of its intensity is quite small in 
comparison with , i.e., 

f

DCI I  will be practically 
constant (Fig. 1A). This is of fundamental 
importance for maintaining the value of the 
gravitational mass of the body, , sufficiently 
stable during all the time.  

gm

          The gravitational mass of the body is given 
by [1] 
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whereU , is the electromagnetic energy 
absorbed by the body and  is the index of 
refraction of the body.   
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 Equation (A1) can also be rewritten in the 
following form 
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where,  VUW =  is the density of 

electromagnetic energy and V0im=ρ  is the 
density of inertial mass. 
          The instantaneous values of the density of 
electromagnetic energy in an electromagnetic 
field can be deduced from Maxwell’s equations 
and has the following expression  
 

( )32
2
12

2
1 AHEW με +=

 
where tEE m ωsin= and tHH ωsin=  are the 
instantaneous values of the electric field and the 
magnetic field respectively. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. A1 - The electric current I  varies with
frequency f . But the variation of  

 
I  is quite small 

in comparison with DCI  due to DCo Ii << . In this 
way, we can consider DCII ≅ . 

t 
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I = IDC + iosc 

i0 

          
It is known that HB μ= , rkBE ω=  [11] and 
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where    is     the    real part of the propagation 

vector 
rk
k
r

(also called phase constant ); 

ir ikkkk +==
r

 ; ε , μ and σ,   are the 

electromagnetic characteristics of the medium in 
which the incident (or emitted) radiation is 
propagating( 0εεε r= ;   

;

mF /10854.8 12
0

−×=ε

0μμμ r=  where ). It is 
known that for free-space 

m/H7
0 104 −×= πμ

0=σ and 1== rr με . Then Eq. (A4) gives 

cv =  
From (A4), we see that the index of refraction  

vcnr =   is given by 
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          Equation (A4) shows that vr =κω . 

Thus, vkBE r == ω , i.e.,  

( )6AHvvBE μ==
Then, Eq. (A3) can be rewritten in the following 
form: 
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For ωεσ << , Eq. (A4) reduces to 
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Then, Eq. (A7) gives 
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This equation can be rewritten in the following 
forms: 
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For ωεσ >> , Eq. (A4) gives 
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Since HvvBE μ== , we can rewrite (A11) in 
the following forms: 
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By comparing equations (A8) (A9) (A12) and 
(A13), we can see that Eq. (A13) shows that the 
best way to obtain a strong value of W  in 
practice is by applying an Extra Low-Frequency 
(ELF) electric field ( )Hzfw 12 <<= π  through a 
medium with high electrical conductivity.  
          Substitution of Eq. (A13) into Eq. (A2), 
gives 
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Note that tEE m ωsin= .The average value for 
2E  is equal to 2

2
1

mE  because E  varies 

sinusoidaly (   is the maximum value formE E ). 

On the other hand, 2mrms EE = . Consequently, 

we can change 4E  by , and the equation 
above can be rewritten as follows 
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Substitution of the well-known equation of the 
Ohm's vectorial Law: Ej σ=  into (A14), we get 
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where 2jjrms = .           
          Consider a 15 cm square Aluminum thin 
foil of 10.5 microns thickness with the following 
characteristics: 1=rμ  ; ; 

. Then, (A15) gives 
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Now, consider that the ELF electric 
current tiII DC ωsin0+= , ( )DCIi <<0  
passes through that Aluminum foil. Then, the 
current density is  
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rms ≅=   

where  
 

( ) 266 1057.1105.1015.0 mmmS −− ×=×=
 
          If the ELF electric current has 
frequency , then, the 
gravitational mass of the aluminum foil, given by 
(A16), is expressed by  

HzHzf 61022 −×== μ
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This means that the gravitational shielding 
produced by the aluminum foil can change the 
gravity acceleration above the foil down to  

( )211 Aggg −≅=′ χ
Under these conditions, the Aluminum foil works 
basically as a Gravity Control Cell (GCC).  
          In order to check these theoretical 
predictions, we suggest an experimental set-up 
shown in Fig.A2.  
          A 15cm square Aluminum foil of 10.5 
microns thickness with the following composition: 
Al 98.02%; Fe 0.80%; Si 0.70%; Mn 0.10%; Cu 
0.10%; Zn 0.10%; Ti 0.08%; Mg 0.05%; Cr 
0.05%,  and with the following characteristics: 

1=rμ ; ; , is 
fixed on a 17 cm square Foam Board 

17 .1082.3 −×= mSσ 3.2700 −= mKgρ
** plate of 

6mm thickness as shown in Fig.A3. This device 
(the simplest Gravity Control Cell GCC) is placed 
on a pan balance shown in Fig.A2.   
          Above the Aluminum foil, a sample (any 
type of material, any mass) connected to a 
dynamometer will check the decrease of the local 
gravity acceleration upon the sample 
( )gg χ=′ ,  due to the gravitational shielding 
produced by the decreasing of gravitational mass 
of the Aluminum foil ( )0ig mm=χ . Initially, the 
sample lies 5 cm above the Aluminum foil. As 
shown in Fig.A2, the board with the dynamometer 
can be displaced up to few meters in height. 
Thus, the initial distance between the Aluminum 
foil and the sample can be increased in order to 
check the reach of the gravitational shielding 
produced by the Aluminum foil.  
          In order to generate the ELF electric 
current of Hzf μ2= , we can use the widely-

                                           
** Foam board is a very strong, lightweight (density: 
24.03 kg.m-3) and easily cut material used for the 
mounting of photographic prints, as backing in picture 
framing, in 3D design, and in painting. It consists of 
three layers — an inner layer of polystyrene clad with 
outer facing of either white clay coated paper or brown 
Kraft paper. 

known Function Generator HP3325A (Op.002 
High Voltage Output) that can generate 
sinusoidal voltages with extremely-low 
frequencies down to   and 
amplitude up to 20V (40V

Hzf 6101 −×=
pp into  load). The 

maximum output current is ; output 

impedance <2Ω at ELF. 

Ω500
ppA.080

         Figure A4 shows the equivalent electric 
circuit for the experimental set-up. The 
electromotive forces are: 1ε (HP3325A) and 2ε  
(12V DC Battery).The values of the resistors are 
: WR 25001 −Ω= ; ;Ω< 21ir WR 4042 −Ω= ; 

Ω< 1.02ir ; ; Rheostat (0≤ 

R ≤10Ω - 90W). The coupling transformer has the 
following characteristics: air core with diameter 

Ω×= −3105.2pR

mm10=φ ; area 252 108.74 mS −×== πφ ; 

wire#12AWG; 2021 === NNN ; mml 42= ; 

( ) HlSNLLL 72
021 103.9 −×==== μ .Thus, we 

get  
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          The maxima rms currents have the 
following values: 

mAZVI totalpp 5640 min
,12

1max
1 ==

(The maximum output current of the Function 
Generator HP3325A (Op.002 High Voltage 
Output) is rmspp mAmA 5.5680 ≅ ); 

A
Z

I 3min
2

2max
2 ==

ε

and 
AIII 3max

1
max
2

max
3 ≅+=

 
          The new expression for the inertial forces, 
(Eq.5) aMF gi

rr
= , shows that the inertial forces 

are proportional to gravitational mass. Only in the 
particular case of , the expression 
above reduces to the well-known Newtonian 
expression 

0ig mm =

amF ii
rr

0= . The equivalence 
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between gravitational and inertial forces ( )gi FF

rr
≡  

[1] shows then that a balance measures the 
gravitational mass subjected to 
acceleration ga = . Here, the decrease in the 
gravitational mass of the Aluminum foil will be 
measured by a pan balance with the following 
characteristics: range 0-200g;  readability 0.01g.  
          The mass of the Foam Board plate is: 

, the mass of the Aluminum foil is: 
, the total mass of the ends and the 

electric wires of connection is . Thus, 
initially the balance will show . 
According to (A18), when the electric current 
through the Aluminum foil 
(resistance

g17.4≅
g64.0≅

g5≅
g81.9≅

Ω×== −3* 105.2Slrp σ ) reaches the 

value: , we will get  . 
Under these circumstances, the balance will 
show:  

AI 2.23 ≅ ( ) ( )AliAlg mm 0−≅

gggg 53.864.064.081.9 ≅−−
 and the gravity acceleration  above the 

Aluminum foil, becomes .             

g ′
ggg 1−≅=′ χ

          It was shown [1] that, when the 
gravitational mass of a particle is reduced to the 
gravitational mass ranging between  

to , it becomes imaginary, i.e., the 
gravitational and the inertial masses of the 
particle become imaginary. Consequently, the 
particle disappears from our ordinary space-time. 
This phenomenon can be observed in the 
proposed experiment, i.e., the Aluminum foil will 
disappear when its gravitational mass becomes 
smaller than . It will become visible 
again, only when its gravitational mass becomes 
smaller than , or when it becomes 

greater than .  

iM1590.+

iM1590.−

iM1590.+

iM1590.−

iM1590.+
          Equation (A18) shows that the gravitational 
mass of the Aluminum foil, , goes close to 

zero when . Consequently, the 
gravity acceleration above the Aluminum foil also 
goes close to zero since 

( )Algm

AI 76.13 ≅

( ) ( )AliAlg mmgg 0==′ χ . Under these 
circumstances, the Aluminum foil remains 
invisible.  
          Now consider a rigid Aluminum wire # 14 
AWG. The area of its cross section is 

 ( ) 2623 1008.2410628.1 mmS −− ×=×= π   
          If an ELF electric current with 
frequency  passes through 
this wire, its gravitational mass, given by (A16), 
will be expressed by  

HzHzf 61022 −×== μ
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 For AI DC 3≅  the equation above gives 
 

08.3 ig mm −≅
 
Note that we can replace the Aluminum foil for 
this wire in the experimental set-up shown in 
Fig.A2. It is important also to note that an ELF 
electric current that passes through a wire - which 
makes a spherical form, as shown in Fig A5 - 
reduces the gravitational mass of the wire (Eq. 
A22), and the gravity inside sphere at the same 
proportion, 0ig mm=χ , (Gravitational Shielding 
Effect). In this case, that effect can be checked 
by means of the Experimental set-up 2 (Fig.A6). 
Note that the spherical form can be transformed 
into an ellipsoidal form or a disc in order to coat, 
for example, a Gravitational Spacecraft. It is also 
possible to coat with a wire several forms, such 
as cylinders, cones, cubes, etc. 
          The circuit shown in Fig.A4 (a) can be 
modified in order to produce a new type of 
Gravitational Shielding, as shown in Fig.A4 (b).  
In this case, the Gravitational Shielding will be 
produced in the Aluminum plate, with thickness 

, of the parallel plate capacitor connected in the 
point 
h

P  of the circuit (See Fig.A4 (b)). Note that, 
in this circuit, the Aluminum foil (resistance ) 
(Fig.A4(a)) has been replaced by a Copper wire # 
14 AWG with 1cm  length ( ) in order to 

produce a resistance . Thus, 

the voltage in the point 

pR

cml 1=
Ω×= −51021.5φR

P  of the circuit will have 
the maximum value  when 

the resistance of the rheostat is null (
VV p

4max 101.1 −×=

)0=R  and 

the minimum value when VVp
5min 1003.4 −×=

Ω=10R . In this way, the voltage (with 

frequency 
pV

Hzf μ2= ) applied on the capacitor 
will produce an electric field  with intensity pE

hVE pp =  through the Aluminum plate of 

thickness mmh 3= . It is important to note that this 
plate cannot be connected to ground (earth), in 
other words, cannot be grounded, because, in 
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this case, the electric field through it will be null 
††.  
          According to Eq. A14, when 

mVhVE pp /036.0maxmax == , Hzf μ2=  and 

,  
(Aluminum), we get  

mSAl /1082.3 7×=σ 3/2700 mkgAl =ρ

( )

( )
9.0−≅=

Ali

Al

m
m

χ

Under these conditions, the maximum current 
density through the plate with thickness  will be 

given by (It is 
well-known that the maximum current density 
supported by the Aluminum is ).   

h
26maxmax /104.1 mAEj pAl ×==σ

28 /10 mA≈
          Since the area of the plate is 

, then the maximum current is 

. Despite this enormous 
current, the maximum dissipated power will be 

just , because the 
resistance of the plate is very small, i.e., 

( ) 222 1042.0 mA −×==

kAAji 56maxmax ==

( ) WRiP plate 2.6
2maxmax ==

Ω×≅= −9102AhR Alplate σ . 

          Note that the area  of the plate (where 
the Gravitational Shielding takes place) can have 
several geometrical configurations. For example, 
it can be the area of the external surface of an 
ellipsoid, sphere, etc. Thus, it can be the area of 
the external surface of a Gravitational Spacecraft. 
In this case, if , for example, the 
maximum dissipated power will be 

, i.e., approximately .  

A

2100mA ≅

kWP 4.15max ≅ 2/154 mW
          All of these systems work with Extra-Low 
Frequencies ( )Hzf 310−<< . Now, we show that, 
by simply changing the geometry of the surface 
of the Aluminum foil, it is possible to increase the 
working frequency  up to more than 1Hz.   f
          Consider the Aluminum foil, now with 
several semi-spheres stamped on its surface, as 
shown in   Fig. A7 .  The semi-spheres have 
radius , and are joined one to 
another. The Aluminum foil is now coated by an 

mmr 9.00 =

                                           

r

†† When the voltage Vp is applied on the capacitor, the 
charge distribution in the dielectric induces positive 
and negative charges, respectively on opposite sides of 
the Aluminum plate with thickness h. If the plate is not 
connected to the ground (Earth) this charge 
distribution produces an electric field Ep=Vp/h through 
the plate. However, if the plate is connected to the 
ground, the negative charges (electrons) escapes for 
the ground and the positive charges are redistributed 
along the entire surface of the Aluminum plate making 
null the electric field through it.   

insulation layer with relative permittivity ε  
and dielectric strength . A voltage source is 
connected to the Aluminum foil in order to provide 
a voltage (rms) with frequency . Thus, the 

electric potential V  at a distance 

k

0V f
r , in the 

interval from  to , is given by  0r a
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rεπε
In the interval bra ≤<  the electric potential is 
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since for the air we have 1≅rε . 
          Thus, on the surface of the metallic 
spheres ( )0rr =  we get 
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Consequently, the electric field is  
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By comparing (A26) with (A25), we obtain 
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The electric potential at is bV br =
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Consequently, the electric field is given by bE
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From  0rr =  up to   the electric 
field is approximately constant (See Fig. A7). 
Along the distance  it will be called . For 

dabr +==

d airE
dar +> , the electric field stops being constant. 

Thus, the intensity of the electric field at 
dabr +==  is approximately equal to , 

i.e.,
0E

0EEb ≅ . Then, we can write that 
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whence we get 
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Since the intensity of the electric field through the 
air, , is airE 0EEE bair ≅≅ , then, we can write that    
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Note that rε  refers to the relative permittivity of 
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the insulation layer, which is covering the 
Aluminum foil.             
          If the intensity of this field is greater than 
the dielectric strength of the air ( )mV /103 6×  
there will occur the well-known  Corona effect. 
Here, this effect is necessary in order to increase 
the electric conductivity of the air at this region 
(layer with thickness d). Thus, we will assume 
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and 
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The electric field  will 
produce an electrons flux in a direction and an 
ions flux in an opposite direction. From the 
viewpoint of electric current, the ions flux can be 
considered as an “electrons” flux at the same 
direction of the real electrons flux. Thus, the 
current density through the air, , will be the 
double of the current density expressed by the 
well-known equation of Langmuir-Child  

maxmin
airairair EEE ≤≤
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where 1≅rε  for the air;  is the 
called Child’s constant. 

6−×=α 1033.2

          Thus, we have 
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where , in this case, is the thickness of the air 
layer where the electric field is approximately 
constant and V is the voltage drop given by  
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By substituting (A36) into (A35), we get 
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According to the equation of the Ohm's vectorial 
Law: Ej σ= , we can write that  
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          If the insulation layer has thickness 
, mm6.0=Δ 5.3≅rε  (1- 60Hz), 

mmkVk /17=  (Acrylic sheet 1.5mm thickness), 
and the semi-spheres stamped on the metallic 
surface have  (See Fig.A7) then mmr 9.00 =

mmra 5.10 =Δ+= . Thus, we obtain from Eq. 
(A33) that 

kVV 7.2min
0 =

( )409max
0 AkVV =

From equation (A31), we obtain the following 
value for : b

( )411068.1 3
0 Amrb r

−×== ε
Since b da += we get  
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Substitution of , ,  and A(32) into (A39) 
produces 
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Substitution of airσ ,  and 

into (A14) gives 
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For V  and , the result is kVV 9max
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          Note that, by increasing , the values of 

 and 
0V

airE airσ  are increased. Thus, as show 
(A42), there are two ways for decrease the value 
of ) : increasing the value of V  or 

decreasing the value of .    
(airgm 0

f
         Since  and 

 then the dielectric strength of the 
insulation must be . As 
mentioned above, the dielectric strength of the 
acrylic is17 .  

mmkVmVE /10/107max
0 ==

mm6.0=Δ
mmkV /7.16≥

mmkV /
          It is important to note that, due to the 
strong value of  (Eq. A37) the drift velocity 

 , 
airE

dv (
air

Substitution of (A37) into (A38) yields )neEnejv airairaird =σ=  of the free 
charges inside the ionized air put them at a 
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distance mfvtvx dd 4.02 ≅== , which is much 

greater than the distance . 
Consequently, the number  of free charges 
decreases strongly inside the air layer of 
thickness  

md 4108.1 −×=
n

d ‡‡, except, obviously, in a thin layer, 
very close to the dielectric, where the number of 
free charges remains sufficiently increased, to 
maintain the air conductivity with mSair /1.1≅σ  
(Eq. A39). 
          The thickness  of this thin air layer close 
to the dielectric can be easily evaluated starting 
from the charge distribution in the neighborhood 
of the dielectric, and of the repulsion forces 
established among them. The result is 

h

mEeh 9
0 104406.0 −×≅= πε . This is, therefore, 

the thickness of the Air Gravitational Shielding. If 
the area of this Gravitational Shielding is equal to 
the area of a format A4 sheet of paper, 
i.e., , we obtain the 
following value for the resistance  of the 

Gravitational Shielding: 

20582.0291.020.0 mA =×=
airR

Ω×≅= −8106AhR airair σ . 
Since the maximum electrical current through this 
air layer is , then the 
maximum power radiated from the Gravitational 

Shielding is . This 
means that a very strong light will be radiated 
from this type of Gravitational Shielding. Note that 
this device can also be used as a lamp, which will 
be much more efficient than conventional lamps.    

kAAji 400maxmax ≅=

( ) kWiRP airairair 10
2maxmax ≅=

          Coating a ceiling with this lighting system 
enables the entire area of ceiling to produce light. 
This is a form of lighting very different from those 
usually known. 
        Note that the value , defines the 
power of the transformer shown in Fig.A10. Thus, 
the maximum current in the secondary is 

kWPair 10max≅

AkWkVis 9.0109max == . 
          Above the Gravitational Shielding, airσ  is 
reduced to the normal value of conductivity of the 
atmospheric air ( )mS /10 14−≈ . Thus, the power 
radiated from this region is 
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( ) ( ) WEAhd

AihdP

airair

airairair

42max
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=−=

σ

σ
  

          Now, we will describe a method to coat the 
Aluminum semi-spheres with acrylic in the 
necessary dimensions ( 0ra − )=Δ , we propose 
the following method.  First, take an Aluminum 
plate with  (A4 format). By cmcm 1.2921 ×
                                           
‡‡ Reducing therefore, the conductivity airσ , to the 
normal value of conductivity of the atmospheric air.   

means of a convenient process, several semi-
spheres can be stamped on its surface. The 
semi-spheres have radius , and 
are joined one to another. Next, take an acrylic 
sheet (A4 format) with 1.5mm thickness  (See 
Fig.A8 (a)).  Put a heater below the Aluminum 
plate in order to heat the Aluminum (Fig.A8 (b)). 
When the Aluminum is sufficiently heated up, the 
acrylic sheet and the Aluminum plate are 
pressed, one against the other, as shown in Fig. 
A8 (c). The two D devices shown in this figure are 
used in order to impede that the press 
compresses the acrylic and the aluminum to a 
distance shorter than . After some seconds, 
remove the press and the heater. The device is 
ready to be subjected to a voltage  with 

frequency , as shown in Fig.A9. Note that, in 
this case, the balance is not necessary, because 
the substance that produces the gravitational 
shielding is an air layer with thickness  above 
the acrylic sheet. This is, therefore, more a type 
of Gravity Control Cell (GCC) with external 
gravitational shielding.    

mmr 9.00 =

ay +

0V
f

d

          It is important to note that this GCC can be 
made very thin and as flexible as a fabric. Thus, it 
can be used to produce anti- gravity clothes. 
These clothes can be extremely useful, for 
example, to walk on the surface of high gravity 
planets.  
                    Figure A11 shows some geometrical 
forms that can be stamped on a metallic surface 
in order to produce a Gravitational Shielding 
effect, similar to the produced by the semi-
spherical form.      
          An obvious evolution from the semi-
spherical form is the semi-cylindrical form shown 
in Fig. A11 (b); Fig.A11(c) shows concentric 
metallic rings stamped on the metallic surface, an 
evolution from Fig.A11 (b). These geometrical 
forms produce the same effect as the semi-
spherical form, shown in Fig.A11 (a). By using 
concentric metallic rings, it is possible to build 
Gravitational Shieldings around bodies or 
spacecrafts with several formats (spheres, 
ellipsoids, etc); Fig. A11 (d) shows a Gravitational 
Shielding around a Spacecraft with ellipsoidal 
form.  
          The previously mentioned Gravitational 
Shielding, produced on a thin layer of ionized air, 
has a behavior different from the Gravitational 
Shielding produced on a rigid substance. When 
the gravitational masses of the air molecules, 
inside the shielding, are reduced to within the 
range igi mmm 159.0159.0 −<<+ , they go to 
the imaginary space-time, as previously shown in 
this article.  However, the electric field stays 
at the real space-time. Consequently, the 
molecules return immediately to the real space-

airE
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time in order to return soon after to the imaginary 
space-time, due to the action of the electric 
field .     airE
          In the case of the Gravitational Shielding 
produced on a solid substance, when the 
molecules of the substance go to the imaginary 
space-time, the electric field that produces the 
effect, also goes to the imaginary space-time 
together with them, since in this case, the 
substance of the Gravitational Shielding is rigidly 
connected to the metal that produces the electric 
field.  (See Fig. A12 (b)). This is the fundamental 
difference between the non-solid and solid 
Gravitational Shieldings.     
          Now, consider a Gravitational Spacecraft 
that is able to produce an Air Gravitational 
Shielding and also a Solid Gravitational 
Shielding, as shown in Fig. A13 (a) §§. Assuming 
that the intensity of the electric field, ,  
necessary  to reduce the gravitational mass of 
the air molecules to within the range 

, is much smaller 

than the intensity of the electric field, , 
necessary  to reduce the gravitational mass of 
the solid substance to within the range 

,  then we 
conclude that the Gravitational Shielding made of 
ionized air goes to the imaginary space-time 
before the Gravitational Shielding made of solid 
substance. When this occurs the spacecraft does 
not go to the imaginary space-time together with 
the Gravitational Shielding of air, because the air 
molecules are not rigidly connected to the 
spacecraft. Thus, while the air molecules go into 
the imaginary space-time, the spacecraft stays in 
the real space-time, and remains subjected to the 
effects of the Gravitational Shielding around it, 

airE

igi mmm 159.0159.0 −<<+

rsE

igi mmm 159.0159.0 −<<+

 
§§ The solid Gravitational Shielding can also be 
obtained by means of an ELF electric current through 
a metallic lamina placed between the semi-spheres 
and the Gravitational Shielding of Air (See Fig.A13 
(a)). The gravitational mass of the solid Gravitational 
Shielding will be controlled just by means of the 
intensity of the ELF electric current. Recently, it was 
discovered that Carbon nanotubes (CNTs) can be 
added to Alumina (Al2O3) to convert it into a good 
electrical conductor. It was found that the electrical 
conductivity increased up to 3375 S/m at 77°C in 
samples that were 15% nanotubes by volume [12].  It 
is known that the density of α-Alumina is 3.98kg.m-3 
and that it can withstand 10-20 KV/mm. Thus, these 
values show that the Alumina-CNT can be used to 
make a solid Gravitational Shielding. In this case, the 
electric field produced by means of the semi-spheres 
will be used to control the gravitational mass of the 
Alumina-CNT.  
    

since the shielding does not stop to work, due 
to its extremely short permanence at the 
imaginary space-time. Under these 
circumstances, the gravitational mass of the 
Gravitational Shielding can be reduced to 

0≅gm . For example, .  Thus, if 
the inertial mass of the Gravitational Shielding is 

kgmg
410−≅

kgmi 10 ≅ , then 4
0 10−≅= ig mmχ . As we 

have seen, this means that the inertial effects on 
the spacecraft will be reduced by . Then, 
in spite of the effective acceleration of the 
spacecraft be, for example, , the 
effects on the crew of the spacecraft will be 
equivalent to an acceleration of only 

410−≅χ

25 .10 −= sma

 1
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.10 −≈==′ smaa
m
m

a
i

g χ  

This is the magnitude of the acceleration upon 
the passengers in a contemporary commercial 
jet.    
          Then, it is noticed that Gravitational 
Spacecrafts can be subjected to enormous 
accelerations (or decelerations) without imposing 
any harmful impacts whatsoever on the 
spacecrafts or its crew. 
          Now, imagine that the intensity of the 
electric field that produces the Gravitational 
Shielding around the spacecraft is increased up 
to reaching the value  that reduces the 
gravitational mass of the solid Gravitational 
Shielding  to within the range 

rsE

igi mmm 159.0159.0 −<<+ . Under these 
circumstances, the solid Gravitational Shielding 
goes to the imaginary space-time and, since it is 
rigidly connected to the spacecraft, also the 
spacecraft goes to the imaginary space-time 
together with the Gravitational Shielding.  Thus, 
the spacecraft can travel within the imaginary 
space-time and make use of the Gravitational 
Shielding around it.  
          As we have already seen, the maximum 
velocity of propagation of the interactions in the 
imaginary space-time is infinite (in the real space-
time this limit is equal to the light velocity c ). This 
means that there are no limits for the velocity of 
the spacecraft in the imaginary space-time. Thus, 
the acceleration of the  spacecraft can reach, for 
example,  , which leads the 
spacecraft to attain  velocities 

(about 1 million times the speed 
of light) after one day of trip. With this velocity, 
after 1 month of trip the spacecraft would have 
traveled about . In order to have idea of 
this distance, it is enough to remind that the 
diameter of our Universe (visible Universe) is of 
the order of .  

29 .10 −= sma

114 .10 −≈ smV

m2110

m2610
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          Due to the extremely low density of the 
imaginary bodies, the collision between them 
cannot have the same consequences of the 
collision between the real bodies.  
          Thus, for a Gravitational Spacecraft in 
imaginary state, the problem of the collision in 
high-speed doesn't exist. Consequently, the 
Gravitational Spacecraft can transit freely in the 
imaginary Universe and, in this way, reach easily 
any point of our real Universe once they can 
make the transition back to our Universe by only 
increasing the gravitational mass of the 
Gravitational Shielding of the spacecraft in such 
way that it leaves the range of  

to .   
iM1590.+

iM1590.−
          The return trip would be done in similar 
way. That is to say, the spacecraft would transit 
in the imaginary Universe back to the departure 
place where would reappear in our Universe. 
Thus, trips through our Universe that would delay 
millions of years, at speeds close to the speed of 
light, could be done in just a few months in the 
imaginary Universe. 
          In order to produce the acceleration of 

 upon the spacecraft we propose a 
Gravitational Thruster with 10 GCCs (10 
Gravitational Shieldings) of the type with several 
semi-spheres stamped on the metallic surface, as 
previously shown, or with the semi-cylindrical 
form shown in Figs. A11 (b) and (c). The 10 
GCCs are filled with air at 1 atm and 300K. If the 
insulation layer is made with Mica 

29 .10 −≈ sma

( )4.5≅rε  and 

has thickness , and the semi-
spheres stamped on the metallic surface have 

 (See Fig.A7) then 

mm1.0=Δ

mmr 4.00 =

mmra 5.00 =Δ+= . Thus, we get 

mrb r
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0 10295.9 −×== ε
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mabd 410295.4 −×=−=
Then, from Eq. A42 we obtain 
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For  andkVVV 6.15max
00 == Hzf 12.0= , the result is 
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Since 0
max

0
max
0 rVE = is now given by 

mmkVmmkVE /3.179.06.15max
0 ==  and  

then the dielectric strength of the insulation 
must be . As shown in the table 
below

mm1.0=Δ

mmkV /173≥
***, 0.1mm - thickness of Mica can 

withstand 17.6 kV (that is greater 
than ), in such way that the 
dielectric strength is 176 kV/mm.  

kVV 6.15max
0 =

          The Gravitational Thrusters are positioned 
at the spacecraft, as shown in Fig. A13 (b).  
Then, when the spacecraft is in the intergalactic 
space, the gravity acceleration upon the  
gravitational  mass  of the bottom of the 
thruster (See Fig.A13 (c)), is given by [

gtm
2]  

( ) ( ) μχχ ˆ
2
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r
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Gga g
airMair −≅≅

rr
 

where  is the gravitational mass in front of 
the spacecraft.  

gM

          For simplicity, let us consider just the effect 
of a hypothetical volume 

 of intergalactic 
matter in front of the spacecraft ( ) . The 
average density of matter in the intergalactic 
medium (IGM) is )

3733 10101010 mV =××=
mr 30≅

326 .10 −−≈ mkgigρ
†††. Thus, 

for  we get  4106.1 ×−≅airχ
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In spite of this gigantic acceleration, the inertial 
effects for the crew of the spacecraft can be 
strongly reduced if, for example, the gravitational 
mass of the Gravitational Shielding is reduced 
                                           
*** The dielectric strength of some dielectrics can have 
different values in lower thicknesses. This is, for 
example, the case of the Mica.   
Dielectric   Thickness (mm)   Dielectric Strength (kV/mm)  
Mica                 0.01 mm                   200 
Mica                 0.1 mm                     176 
Mica                 1 mm                          61 
  
††† Some theories put the average density of the 
Universe as the equivalent of one hydrogen atom per 
cubic meter [13,14]. The density of the universe, 
however, is clearly not uniform. Surrounding and 
stretching between galaxies, there is a rarefied plasma 
[15] that is thought to possess a cosmic filamentary 
structure [16] and that is slightly denser than the 
average density in the universe. This material is called 
the intergalactic medium (IGM) and is mostly ionized 
hydrogen; i.e. a plasma consisting of equal numbers of 
electrons and protons. The IGM is thought to exist at a 
density of 10 to 100 times the average density of the 
Universe (10 to 100 hydrogen atoms per cubic meter, 
i.e., ).  326 .10 −−≈ mkg
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down to   and its inertial mass is 

. Then, we get 

kgmg
610−≅

kgmi 1000 ≅
8

0 10−≅= ig mmχ . Therefore, the inertial 
effects on the spacecraft will be reduced by 

, and consequently, the inertial effects on 
the crew of the spacecraft would be equivalent to 
an acceleration of only   
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Note that the Gravitational Thrusters in the 
spacecraft must have a very small diameter (of 
the order of millimeters) since, obviously, the hole 
through the Gravitational Shielding cannot be 
large. Thus, these thrusters are in fact, Micro-
Gravitational Thrusters.  As shown in Fig. A13 
(b), it is possible to place several micro-
gravitational thrusters in the spacecraft. This 
gives to the Gravitational Spacecraft, several 
degrees of freedom and shows the enormous 
superiority of this spacecraft in relation to the 
contemporaries spacecrafts.   
          The density of matter in the intergalactic 
medium (IGM) is about 10 -26 kg.m-3 , which is 
very less than the density of matter in the 
interstellar medium (~10-21 kg.m-3) that is less 
than the density of matter in the interplanetary 
medium (~10-20 kg.m-3). The density of matter is 
enormously increased inside the Earth’s 
atmosphere (1.2kg.m-3 near to Earth’s surface). 
Figure A14 shows the gravitational acceleration 
acquired by a Gravitational Spacecraft,  in these 
media, using Micro-Gravitational thrusters.   
       In relation to the Interstellar and 
Interplanetary medium, the Intergalactic medium 
requires the greatest value of airχ  ( χ  inside the 
Micro-Gravitational Thrusters), i.e., 

. This value strongly decreases 
when the spacecraft is within the Earth’s 
atmosphere.  In this case, it is sufficient 
only

4106.1 ×−≅airχ

‡‡‡ 10−≅airχ  in order to obtain: 
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With this acceleration the Gravitational 
                                           
‡‡‡ This value is within the range of values of χ  
( )15..10 3 AEqSee−<χ , which can be produced by 
means of ELF electric currents through metals as 
Aluminum, etc. This means that, in this case, if 
convenient, we can replace air inside the GCCs of the 
Gravitational Micro-thrusters by metal laminas with 
ELF electric currents through them.  

Spacecraft can reach about 50000 km/h in a 
few seconds. Obviously, the Gravitational 
Shielding of the spacecraft will reduce strongly 
the inertial effects upon the crew of the 
spacecraft, in such way that the inertial effects of 
this strong acceleration will not be felt. In 
addition, the artificial atmosphere, which is 
possible to build around the spacecraft, by means 
of gravity control technologies shown in this 
article (See Fig.6) and [2], will protect it from the 
heating produced by the friction with the Earth’s 
atmosphere. Also, the gravity can be controlled 
inside of the Gravitational Spacecraft in order to 
maintain a value close to the Earth’s gravity as 
shown in Fig.3.  
          Finally, it is important to note that a Micro-
Gravitational Thruster does not work outside a 
Gravitational Shielding, because, in this case, the 
resultant upon the thruster is null due to the 
symmetry (See Fig. A15 (a)). Figure A15 (b) 
shows a micro-gravitational thruster inside a 
Gravitational Shielding. This thruster has 10 
Gravitational Shieldings, in such way that the 
gravitational acceleration upon the bottom of the 
thruster, due to a gravitational mass  in front 

of the thruster, is  where 

gM

0
10

10 aa airχ=
2

0 rMGa g−=  is the gravitational  acceleration 
acting on the front of the micro-gravitational 
thruster. In the opposite direction, the 
gravitational acceleration upon the bottom of the 
thruster, produced by a gravitational mass , 
is 

gM

 
( ) 02

0 ≅′−=′ rGMa gsχ  
 
since 0≅sχ  due to the Gravitational Shielding 
around the micro-thruster (See  Fig. A15 (b)). 
Similarly, the acceleration in front of the thruster 
is 
 

( )[ ] sgairair rGMaa χχχ 210
0

10
10 ′−=′=′

 
where ( )[ ] 10

210 arGM gair <′−χ , since rr >′ . 

Thus, for and  we 

conclude that . This means that 

. Therefore, we can write that the 
resultant on the micro-thruster can be expressed 
by means of the following relation 

29
10 .10 −≅ sma 810−≈sχ

2
10 .10 −<′ sma

1010 aa <<′

  

0
10

10 FFR airχ=≅
 
          Figure A15 (c) shows  a Micro-Gravitational 
Thruster with 10 Air Gravitational Shieldings (10 
GCCs). Thin Metallic laminas are placed after 
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each Air Gravitational Shielding in order to retain 
the electric field xVEb 0= , produced by metallic 
surface behind the semi-spheres. The laminas 
with semi-spheres stamped on its surfaces are 
connected to the ELF voltage source  and the 
thin laminas in front of the Air Gravitational 
Shieldings are grounded. The air inside this 
Micro-Gravitational Thruster is at 300K, 1atm.   

0V

          We have seen that the insulation layer of a 
GCC can be made up of Acrylic, Mica, etc. Now, 
we will design a GCC using Water (distilled 
water, ( ) 80

2
=OHrε ) and Aluminum semi-

cylinders with radius . Thus, 
for , the new value of a  is . 
Then, we get  

mmr 3.10 =
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Note that  
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ε
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( )
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rV

E
ε

00=

Therefore,  and  are much 

smaller than . Note that for the 
intensities of and are not 
sufficient to produce the ionization effect, which 
increases the electrical conductivity. 
Consequently, the conductivities of the water and 
the acrylic remain . In this way, with 

 and  much smaller than , 

and 

( OHE
2 ) )

) )

) )

(acrylicE

airE kVV 90 ≤

( OHE
2 (acrylicE

1.1 −<< mS
( OHE

2 (acrylicE airE

( ) 12 <<OHσ , ( ) 1<<acrylicσ , the decrease in 
both the gravitational mass of the acrylic and the 
gravitational mass of water, according to Eq.A14, 
is negligible. This means that only in the air layer 
the decrease in the gravitational mass will be 
relevant.   
         Equation A39 gives the electrical 
conductivity of the air layer, i.e.,  

( )46029.02 2
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0 AV
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⎛= ασ

Note that ( )OHrrb
20 ε= . Therefore, here the 

value of b  is larger than in the case of the acrylic. 
Consequently, the electrical conductivity of the air 
layer will be larger here than in the case of 
acrylic.   
          Substitution of ( )airσ ,  (rms) and 

 into Eq. A14, gives 

airE
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For  and , the result 
is 

kVVV 9max
00 == Hzf 2=

( )

( )
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0
−≅

airi

airg

m
m

This shows that, by using water instead of acrylic, 
the result is much better.         
          In order to build the GCC based on the 
calculations above (See Fig. A16), take an Acrylic 
plate with 885mm X 885m and 2mm thickness, 
then paste on it an Aluminum sheet with 
895.2mm X 885mm and 0.5mm thickness(note 
that two edges of the Aluminum sheet are bent as 
shown in Figure A16 (b)). Next, take 342 
Aluminum yarns with 884mm length and 
2.588mm diameter (wire # 10 AWG) and insert 
them side by side on the Aluminum sheet. See in 
Fig. A16 (b) the detail of fixing of the yarns on the 
Aluminum sheet. Now, paste acrylic strips (with 
13.43mm height and 2mm thickness) around the 
Aluminum/Acrylic, making a box. Put distilled 
water (approximately 1 litter) inside this box, up to 
a height of exactly 3.7mm from the edge of the 
acrylic base. Afterwards, paste an Acrylic lid 
(889mm X 889mm and 2mm thickness) on the 
box. Note that above the water there is an air 
layer with 885mm X 885mm and 7.73mm 
thickness (See Fig. A16). This thickness plus the 
acrylic lid thickness (2mm) is equal to 

mmabd 73.9=−= where ( ) mmrb OHr 63.11
20 == ε  

and mmra 99.10 =Δ+= , since mmr 3.10 = , 

( ) 80
2

=OHrε and mm6.0=Δ .   
          Note that the gravitational action of the 
electric field , extends itself only up to the 
distance , which, in this GCC, is given by the 
sum of the Air layer thickness (7.73mm) plus the 
thickness of the Acrylic lid (2mm). 

airE
d

         Thus, it is ensured the gravitational effect 
on the air layer while it is practically nullified in 
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the acrylic sheet above the air layer, since 

and ( ) airacrylic EE << ( ) 1<<acrylicσ . 
          With this GCC, we can carry out an 
experiment where the gravitational mass of the 
air layer is progressively reduced when the 
voltage applied to the GCC is increased (or when 
the frequency is decreased). A precision balance 
is placed below the GCC in order to measure the 
mentioned mass decrease for comparison with 
the values predicted by Eq. A(47). In total, this 
GCC weighs about 6kg; the air layer 7.3grams. 
The balance has the following characteristics: 
range 0-6kg; readability 0.1g. Also, in order to 
prove the Gravitational Shielding Effect, we can 
put a sample (connected to a dynamometer) 
above the GCC in order to check the gravity 
acceleration in this region.  
          In order to prove the exponential effect 
produced by the superposition of the 
Gravitational Shieldings, we can take three 
similar GCCs and put them one above the other,  
in such way that above the GCC 1 the gravity 
acceleration will be ; above the GCC2 

, and above the GCC3 . 
Where

gg χ=′

gg 2χ=′′ gg 3χ=′′′
χ  is given by Eq. (A47).  

          It is important to note that the intensity of 
the electric field through the air below the GCC is 
much smaller than the intensity of the electric 
field through the air layer inside the GCC. In 
addition, the electrical conductivity of the air 
below the GCC is much smaller than the 
conductivity of the air layer inside the GCC. 
Consequently, the decrease of the gravitational 
mass of the air below the GCC, according to 
Eq.A14, is negligible.  This means that the GCC1, 
GCC2 and GCC3 can be simply overlaid, on the 
experiment proposed above. However, since it is 
necessary to put samples among them in order to 
measure the gravity above each GCC, we 
suggest a spacing of 30cm or more among them. 
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Figure A2 – Experimental Set-up 1. 
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Figure A3 – The Simplest Gravity Control Cell (GCC). 
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Fig. A4 – Equivalent Electric Circuits  
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Figure A5 – An ELF electric current through a wire, that makes a spherical form as shown above,
reduces the gravitational mass of the wire and the gravity inside sphere at the same proportion

0ig mm=χ (Gravitational Shielding Effect).  Note that this spherical form can be transformed into 
n ellipsoidal form or a disc in order to coat, for example,  a Gravitational Spacecraft. It is also a

possible to coat with a wire several forms, such as cylinders, cones, cubes, etc. The characteristics 
of the wire are expressed by: rμ ,σ , ρ ; j  is the electric current density and f  is the frequency.   
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Figure A6 – Experimental set-up 2. 
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Figure A7 – Gravitational shielding produced by semi-spheres stamped on the Aluminum 
foil - By simply changing the geometry of the surface of the Aluminum foil it is possible to 
ncrease the working frequency f  up to more than 1Hz.   
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(a) 

                                                                         

(b) 

                                                                         

(c)  

                                                                         

(d)  

Figure A8 – Method to coat the Aluminum semi-spheres with acrylic ( )mmra 6.00 =−=Δ . 
(a)Acrylic sheet (A4 format) with 1.5mm thickness and an Aluminum plate (A4) with several 
semi-spheres (radius mmr 9.00 = ) stamped on its surface. (b)A heater is placed below the 
Aluminum plate in order to heat the Aluminum. (c)When the Aluminum is sufficiently heated 
up, the acrylic sheet and the Aluminum plate are pressed, one against the other (The two D 
devices shown in this figure are used in order to impede that the press compresses the acrylic 
and the aluminum besides distance ay + ). (d)After some seconds, the press and the heater are 
removed, and the device is ready to be used. 
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Figure A9 – Experimental Set-up using a GCC subjected to high-voltage 0V  with frequency 
Hzf 1> . Note that in this case, the pan balance is not necessary because the substance of the 

Gravitational Shielding is an air layer with thickness d  above the acrylic sheet. This is therefore, 

                              

                                  

more a type of Gravity Control Cell (GCC) with external gravitational shielding.     
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(b) 
 
 
 

Figure A10 – (a) Equivalent Electric Circuit. (b) Details of the electrical connection with the 
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Aluminum plate. Note that others connection modes (by the top of the device) can produce 
destructible interference on the electric lines of the airE  field.  
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Figure A11 – Geometrical forms with similar effects as those produced by the semi-spherical form – (a) 
shows the semi-spherical form stamped on the metallic surface; (b) shows the semi-cylindrical form (an 
obvious evolution from the semi-spherical form); (c) shows concentric metallic rings stamped on 
the metallic surface, an evolution from semi-cylindrical form. These geometrical forms produce 
the same effect as that of the semi-spherical form, shown in Fig.A11 (a). By using concentric 
metallic rings, it is possible to build Gravitational Shieldings around bodies or spacecrafts with 
several formats (spheres, ellipsoids, etc); (d) shows a Gravitational Shielding around a Spacecraft 
with ellipsoidal form.  
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t

 
 

           

                                                     (a)                                                       (b) 

Figure A12 – Non-solid and Solid Gravitational Shieldings - In the case of the Gravitational 
Shielding produced on a solid substance (b), when its molecules go to the imaginary space-time, 
he electric field that produces the effect also goes to the imaginary space-time together with 

them, because in this case, the substance of the Gravitational Shielding is rigidly connected (by 
means of the dielectric) to the metal that produces the electric field. This does not occur in the 
case of Air Gravitational Shielding.  
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 (c) 

igure A13 – Double Gravitational Shielding and Micro-thrusters – (a) Shows a double 
ravitational shielding that makes possible to decrease the inertial effects upon the spacecraft 

F
g
when it is traveling both in the imaginary space-time and in the real space-time. The solid
Gravitational Shielding also can be obtained by means of an ELF electric current through a metallic 
lamina placed between the semi-spheres and the Gravitational Shielding of Air as shown above. (b) 
Shows 6 micro-thrusters placed inside a Gravitational Spacecraft, in order to propel the 
spacecraft in the directions x, y and z. Note that the Gravitational Thrusters in the spacecraft 
must have a very small diameter (of the order of millimeters) because the hole through the 
Gravitational Shielding of the spacecraft cannot be large. Thus, these thrusters are in fact Micro-
thrusters. (c) Shows a micro-thruster inside a spacecraft, and in front of a volume V of the 
intergalactic medium (IGM). Under these conditions, the spacecraft acquires an acceleration a in 
the direction of the volume V.  
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(c) 

Figure A14 – Gravitational Propulsion using Micro-Gravitational Thruster – (a) Gravitational 
acceleration produced by a gravitational mass Mg of the Interstellar Medium. The density of the 
nterstellar Medium is about 105 times greater than the density of the Intergalactic Medium (b) 
ravitational acceleration produced in the Interplanetary Medium. (c) Gravitational acceleration 

I
G
produced in the Earth’s atmosphere. Note that, in this case, ρatm (near to the Earth’s surface)is about
1026 times greater than the density of the Intergalactic Medium.  
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(a) 

 

(b) 

 
 

 (c) 
Figure A15 – Dynamics and Structure of the Micro-Gravitational Thrusters - (a) The Micro-Gravitational 
Thrusters do not work outside the Gravitational Shielding, because, in this case, the resultant upon the thruster is 
null due to the symmetry. (b) The Gravitational Shielding ( )810−≅sχ  reduces strongly the intensities of the 
gravitational forces acting on the micro-gravitational thruster, except obviously, through the hole in the 
gravitational shielding. (c) Micro-Gravitational Thruster with 10 Air Gravitational Shieldings (10GCCs). The 
grounded metallic laminas are placed so as to retain the electric field produced by metallic surface behind the 
semi-spheres.  
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GCC Cross-section Front view  

(a) 

 
 

GCC Cross-section Side View 
(b) 

Fig. A16 – A GCC using distilled Water.  
                  In total this GCC weighs about 6kg; the air layer 7.3 grams. The balance has the    
                  following characteristics: Range 0 – 6kg; readability 0.1g. The yarns  are inserted  
                  side by side on the Aluminum sheet. Note the detail of fixing of the yarns on the  
                  Aluminum sheet.    
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Fig. A17 – Experimental set-up.  In order to prove the exponential effect produced by the 
superposition of the Gravitational Shieldings, we can take three similar GCCs and put them one above 
the other,  in such way that above the GCC 1 the gravity acceleration will be gg χ=′ ; above the 
GCC2 gg 2χ=′′ , and above the GCC3 gg 3χ=′′′ . Where χ  is given by Eq. (A47). The arrangement 
above has been designed for values of gmg 13<  and χ  up to -9 or kgmg 1<  and χ  up to -2  .  
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APPENDIX B: A DIDACTIC GCC USING A BATTERY OF CAPACITORS  
 
          Let us now show a new type of GCC - easy to 
be built with materials and equipments that also can 
be obtained with easiness.  
          Consider a battery of  parallel plate 
capacitors with capacitances , , ,…, , 

connected in parallel. The voltage applied is V ; 

n
1C 2C 3C nC

A  
is the area of each plate of the capacitors and d is  
the distance between the plates; ( )waterrε is the 
relative permittivity of the dielectric (water). Then the 
electric charge on the plates of the capacitors is 
given by 

q

 

( ) ( )( ) ( )1... 0321 BV
d
AnVCCCCq waterrn εε=++++=

 
 
In Fig. I we show a GCC with two capacitors 
connected in parallel. It is easy to see that the 
electric charge density 0σ  on each area azA =0  
of the edges B of the thin laminas (z is the thickness 
of the edges B and a is the length of them, see 
Fig.B2) is given by 
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waterr εεσ ==

Thus, the electric field E  between the edges B is  
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Since , we can write that yx LLA =
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Assuming ( ) 81=waterrε  **** (bidistilled 

water); ( ) 1≅airrε (vacuum 10-4 Torr; 300K); 2=n ; 

; ;  and 

 we obtain 

mLL yx 300.== ma 120.= mmz 10.=
mmd 10=

 
VE 810432 ×= .  

 
For  , the electric field is VV 220=max
 
                                           
****It is easy to see that by substituting the water for 
Barium Titanate (BaTiO3) the dimensions  of the 
capacitors can be strongly reduced due to 

yx LL ,

( ) 1200BaTiO3 =rε . 

 
 

mVE /.max
101035 ×=  

 
Therefore, if the frequency of the wave voltage 
is Hzf 60= , ( )fπω 2= , we have that 

. It is known that the electric 

conductivity of the air,

191033 −−×= mSair ..ωε

airσ , at 10-4 Torr and 300K,  
is much smaller than this value, i.e.,  

airair ωεσ <<  

Under this circumstance ( )ωεσ << , we can 
substitute Eq. 15 and 34 into Eq. 7. Thus, we get 
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The density of the air at 10-4 Torr and 300K is  

371051 −−×= mkgair ..ρ
Thus, we can write  
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Substitution of E  for  into 
this equation gives 

mVE /.max
101035 ×=

 
21.max −≅χ

 
This means that, in this case, the gravitational 
shielding produced in the vacuum between the 
edges B of the thin laminas can reduce the local 
gravitational acceleration  down to g

gg 2.11 −≅

Under these circumstances, the weight, gmP g+= , 
of any body  just above the gravitational shielding 
becomes 
 

gmgmP gg 211 .−==
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Vertical Cross Section  
 
 
 
 
 
 

 
 
 
 
 

Figure B1 – Gravity Control Cell (GCC) using a battery of capacitors. According to Eq. 7 , the 
electric field, E, through the air at 10-4 Torr; 300K, in the vacuum chamber, produces a gravitational 
shielding effect. The gravity acceleration above this gravitational shielding is reduced to χg where χ 
< 1. 
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εr (water) = 81  ;  εr (air)  ≅ 1  

 
   E = [q/A0] / εr (air) ε0 = n [εr (water) / εr (air)] [A/A0] V / d 
 
   A is the area of the plates of the capacitors and A0 the 
cross section area of the edges B of the thin laminas (z is 
the thickness of the edges).   
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Top view 

Figure B2 – The gravitational shielding produced between the thin laminas. 
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Figure B3 – Experimental arrangement with a GCC using battery of capacitors. By means of this 
set-up it is possible to check the weight of the sample even when it becomes negative. 
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