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Guidelines to Antigravity*

ROBERT L. FORWARD
Hughes Research Laboratories, Malibu, California
(Receivel 12 Septembe 1962

This pape emphasizs certan little known aspecs$ of Einsteins genera theow of relativity.
Although the® features are of minor theoretich importance their understandig and use can
lead to the generatim and contrd of gravitationa forces Three distinctly differert non
Newtonian gravitationa forces are described The researb areas which might lead to method
for the contrd of gravitation are pointed out and guidelines for initial investigatio into thes

area are given

INTRODUCTIO N

TT* INSTEIN'S gener& theoly of relativity pro-
' vides a numbe of ways to genera¢ non
Newtonian gravitationa forces Theoretically
all of thee forces could be useal to counterat
the gravitationa field of the earth thus acting
as aform of antigravity. The three outlined here
were probabl known by Einsten before he
publishal his pape on the principle of generha
relativity in 1916 They were first specificaly
derived by Thirring? in 1918 and sinee then hawe
beean containe in nearly ever text on genera
relativity.>®

Although non-Newtonia forces are well known
to the theoriss in generd relativity, they are
littte known to thos outsice the field, and it
was for this reasm that it was felt that a simpli-
fied discussioa of the® unusu& gravitationa
effeck would be of interes to the nonspecialist

The equatiors of generd relativity not only
predid the usud radid Newtonian gravitationad
force behavig of a stationay mas on a station
ary teg body, but they al predid that amoving
mass can creak forces on ated body which are
similar to the usud centrifugd and Coriolis
forces althoudh much smaller In addition when
the generd relativity field equatiors are linear
ized, they resut in asd of dynamtc gravitationad
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field relatiors similar to the Maxwel relations
Thus one can use intuitive pictures from electre
magnetc theory to desigqn theoretich models
Whethe the effecs predictal by the linearizal
theory really exist will, of course hawe to be
checkel by repeatim the calculatiors with the
nonlinearizel field equations

The essentibpoint is that all of thee unusua
forces creakt acceleratioa which are independer
of the mas of the tes body and the forces areg
therefore indistinguishabg from the usud New
tonian gravitationa force

NON-NEWTONIA N GRAVITATIONA L FORCES
Effect of Rotating Masse on Stationary Bodies

By using Einsteins gener& theowy of relativity
for a rotating systan of massesit can be shown
that in addition to the usud Newtoniax term,
the gravitationa scala potentid contairs terms
which arise from the rotation of the body. One
of the shaps which has bee rigorousy investk
gatal is the rotating massie ring.3

For a massie ring rotating in the x-y planeg
the non-Newtonia acceleratia on a stationay
teg body nea the origin is approximatey

#= (MGu?/2¢*R)x,

¥=(MGw*/2¢R)y, 1)

and
t=— (MGuw*/¢3R)3.

Where M and R are the mas and radius of the
ring, 03 is the angula velocity, G=6.67X10""
m’/kg-seé is the Newtonian gravitationa con
stant c is the sped of light, and x, y, z are the
coordinate of the tegd body with respet to the
origin of the rotating mass From thes equa
tions it is evidert that the rotating mas not only
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FIG. 1. Non-Newtonim componeh of acceleratia on a

tes body belov the cente of a rotating massie ring.
forces the ted body away from the axis in an
imitation of centrifugd force but also pulls it
upward into the plare of rotation as shown in
Fig. 1

Effect of Rotatig Masse on Moving
Bodies

It has been pointed out that a rotating mas
will exet a force similar to centrifugad force on a
stationay ted body, alsg if the tes body is
moving a some constah velocity v, it will
experiene an additiond force which is propor
tiond to the cross produd of the angula velocity
of the rotating mas and the linea velocity of
the te¢ body. The additiona force can be com
pared with two others mechanically it act
like a very wes Coriolis force electrically;"®
it acts like the gravitationa equivalen of the
Lorentz force on a chargel particle moving
throuch a magnett field.

One of the shaps which has bee investigatel
is the rotating massie spheric shell The aa
celeration on ateg body moving with a velocity
v inside the shel is approximatel§

E=(GM/3c*R)[ $w’x — 8wy, ],
= (GM/3c*R) [$w?y+8wv, ],

3= — (8GMau?s/156¢R),

2

where v, and v, are the x and y componerd of
the velocity of the tes¢ body anrd M and R are
the mas and radius of the spherica shell The
first temm in ead expressia is the centrifugat
type force on a stationay te¢ body describe
in the previows section The secom tem in the
x and y componend of the acceleratia depend
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FIG. 2. Non-Newtonia componehof acceleratiao on a
ted body with a velocity vx a the cente of a rotating
massie sphere

upon the velocity of the teg body as shown in
Fig. 2.

Effect of Acceleratd Masse on
Stationay Bodies

In employirng Einsteins Theowy to investigaé
the effed of a large acceleratd mas on a smal
teg body, it is found that the acceleratd body
drags the teg body along with it. The exad
equatiors arée'

¥=V(GM/Ry+ (4GM/c’R)a
. " +(4GM/c) (a-R/RY)v,
= Fi/m+ Fa/m-+ Fs/m,

where M, a and v are the mass acceleratior
and velocity of the large body, respectively and
R is the distane from the smal body to the
large body. In addition to the usua Newtonian
attraction the ted body experience forces in
the direction of the acceleratia and the velocity
of the large body as shown in Fig. 3.

3)

v

FIG. 3. Forces on ateg body nea a massive
acceleratingmoving body.
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CREATING NON-NEWTONIAN GRAVITATIONAL
FORCES

Devices Using Moving Masses

The equatiors in the previows section contan
two commm factors One is the Newtonian
gravitationa field,

GMyr~ (4r/3)Gpr, @)

and the othea is the ratio of the characterist
systan velocity to the velocity of light sud as

Q)
In orde tq obtan measurald amouns of gravi
tationd force these quantities mug be as large
as possible To obtan a high gravitationa field,
eitha alarge mas or a high densiy is required
The greate the density the les totd mas
necessarto achiee the same gravitationa field.

To obtan high rotationd velocities we cannd
use the mechanich strengh of materiak since
this limits the obtainabé equatorid velocities
to approximate} the speel of sound’ Becaus
of this, it will be necessar to use fields to hold
the systens togethe unde inertid stressesOne
exampk would be the high gravitationa fields
obtainabé with den® matter However any
practicd deviee which might be constructe
would probaby use electrc or magnetec fields.
By using electromagneti forces to contan ro-
tating systems it would be possibé for the masse
to read relativistic velocities thus a compara
tively smal amourt of matter if den® enoudn
and moving fag enough could produe usabé
gravitationd effects

An exampké of a systen held togethe by
gravitationd fields is a conta¢ binary dwaif
sta system The force equation describirg the
mutud rotation of the stass is

—(GMM/(2r)") = — Muw*r=~— (Mv*/r). (6)

A particle coming nea the systan will experiene
not only a radid acceleratiof\
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but alo a tangenti& acceleratia

fig'—-

4GMmr1 | 1:| I(GM)*’ @

@ Lo—r b+rd o\ ¢
where b is the distan@ of the particle from the
cente of the system

In applying thee equatiors to a ted objed
(such as a spae vehiclg passig by this sta
system it is eviden that in general the radid
acceleratio will not introdue any net chang in
velocity, but that the tangentid acceleratia
will transfe eneryy and momentun to the ve-
hicle. For aneutra binaly star, this acceleratia
can be greate than one million g's althoud
thes acceleratios seen very high, there are no
stresse on the human body becaus the forces
are gravitational Sud systens could be usal to
accelera¢ spae vehicles to neary the spee of
light.

Devices Basal on Analogies between Electro-
magnetic and Gravitational Fields

There are othe types of devices for obtainirg
non-Newtonia gravitationd forces which follow
from the known electromagneti analogis basel
on Einsteins generh theowy of relativity; how
ever, thee devices hawe not been analyzel using
the complet field equations For instance two
rotating gyroscops shoull repd ead othe if
oriented properly and two pipes with massie
liquid flowing throudh them shoub exhibit a
pinch effect

Although the rotating gyroscopes and flowing
masse shoull exhibit non-Newtonia forces
the linearized theoly does not predid an inter-
action with a stationay tesd body. A device
which electromagneti analogis predid might
be able to creat a non-Newtonia gravitationd
force that will accelerag anonrotating nonmow
ing body is one that contairs acceleratd masse
whos mas flow is like the currert flow in awire
wourd torus® If we look at the electromagneti
model| a currert | throuch the wire- cause a
magnetc field in the torus If the curren con
stantly increases then the magnetc field alo
increass with time. This time-varyirg magnetc
field then creats a dipole electrc field. (Fig. 4.)
IRE « 1407 MOfil Vv
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The value of the electrc field at the cente of the
torus is

~B=+(d/dt) @NIr*/4xR?),  (9)

where R is radius of the torus r is the radius of
one of the loops of wire wourd arourd it, and N
is the totd numbe of turns

If we replae the wires with pipes carrying a
massie liquid, then the known analoy betweea
the electromagneti and gravitationa fields can
now be used® All the electromagnet quantities
are transformel to their equivalen gravitationa
guantities to obtan

d (qNTr?
G=—K= ‘——(" )
47R?

(10

where G is the gravitationa field generatd by
the totd mas currert NT, and 27 = 3.73X10-°
m/kg is the gravitationd equivalen to the
magnete permeability? (See Fig. 5)

It is importart to notice in the abowe equatim
that the time derivative operats on the entire
guantity in the brackets One would normally
s& that all quantities are independet of time
excep the mas flow T. If the amoun of mas
flow increase with time, then >0, and thus
a gravitationa field G can be generated How-
ever, in electromagnetisinthe permeabiliy of
some materiak sud as iron is nonlinear which
allows the constructim of highly efficient elec
tromagnetc field generators A materid with a
highly nonlinea ij would also be usefu in the
constructim of efficient gravitationa field
generators

RESEARCH AREAS
Dens Materials

It has been emphasizd that in orde to achiewe
measurald gravitationd effecs with moderaé
amouns of mass den® matte isrequired Thus
the study of degenera matte could lead to the
generatim and contrd of gravitation Methods
mug be found to manufacturecbntain and con
trol matte with densities from 10* to 10" g/cnf.
The bed starting point appeas to be an investt
gation of the neutron-neutrn interaction By
using extremey low temperaturse and strorg
magnetc fields, one shoull be able to cod the
thermd neutrors from a pile and concentrag
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FI1G. 4. Generatoof adipole electrt field.

them into a smal region throudh the interactio
of the magnett field with the magnetc momen
of the neutron? The Fermi enery will limit the
densiy to abou 10° g/cn®, but the formation
of tetraneutron («*) or the existene of a super
conductive-tyg pha® spae condensatio will
creat bosors which do not hawe this limitation.
The resuls of a more comprehensie study of the
properties of a cold neutran gas and the method
for containmen will be given in a future paper

Gravitational Properties of Matter

In studyirg analogis betwea electromagne
tism and gravitation it can be see that one
analogos quantity has not been investigated
This is the gravitationd equivalen to the mag
netic permeability Electricd powe distribu
tion systens depem upon the anomaloust large
and nonlinea permeabiliy of iron and othea
magnetc materials Sine all atons haw spin,
all materiat will hawe a gravitationd perme
ability which is differert from that of free space
Rough calculatiors shov that this differene is
very small but experimenth investigatiom may

FIG. 5. Generatoof adipole gravitationé field.
» V. V. Vladimirskii, Sovid Phys.—JEP 12 740 (1961)
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find materiab with anomalous} large or non
linear properties that can be usal to enhane
time-varying gravitationa fields. Also, since the
magnetc momen and the inertid momen are
combinal in an atom it may be possibé to use
this propery to convet time-varyirg electre
magnetc fields into time-varyirg gravitationa
fields. At presentthe only way to seart for suc
materiak is to interspere wedge of materid
between gravitationd wave generatos and de-
tectors suc as thos describe by J. Weber™
and look for a chang in amplituce or direction
of propagation The first efforts in this direction*

103 Weber Phys Rev, 117 306 (1960)
11y R RracinekvV N Rndenkoard G | Rukman

FORWARD 170
hawe been carried out by the Russiam workers
Braginsky Rudenkq and Rukman with negatiwe
results

It is obvious that researh in the field of
gravitation will be very difficult sinee even the
mod optimistic calculatiors indicae that very
large devices will be requirel to creat usabé
gravitationa forces Antigravity, like spae
travel, will probaby hawe no dired effed on the
daily life of the averag person Future progres
in the contrd of gravitation like al moden
sciences will require specid projecs involving
large sunms of money men and energy

Zhur, Eksp i Theoret Fiz. 43, 51 (1962 (in Russia with
Eneiith abstract)



