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Abstracts
This essay emphasizes some little-known aspects of Finstein's Cenersl
Theory of Telativity. These features, although of mince theoretical importanece,

can lead us to the generation and control of gravitationsl forces., Four distinotly

different non-lewtonian gravitstional forces are described, Those reseerch areas
which will lead to control of gravitation are pointed out and guidelines for initial
investigation into these areas are given.
iptreductions

In finstein's General Theary of Relativityl there are a number of different
ways to generate non=Vewtonlan gravitational forces. | A1l of these methods could
t.héoreucauy be used to counteraet the gravitational field of the earth and thus are
a form of anti-gravity. |

The three methods of obtaining non-MNewionisn gravitational fields which are
outlined below were probably imown by “instein before he published his papar on the
prineiple of general relativity in 1916,1, They were first specifically derived by
Thirring® in 1918 and they have been contsined in every text on general relativity
sinoe then>***%, Tnese forces are well known to the theorists in general relativity,
but are litble icnnm to those outslide of the field,

The forces arise from the applicstion of the principle of general relativity
o gystema of moving masses, The moving masses give rise to forces on a test body
vwhich are similar to the usual centéifugal and coriolis forees, although mush smaller,
The asselerations given to the test body by these farces are independent éf the mmss
of the test body, and are therefore true gravitational farces. |

"hen a rotating system of masses 18 investigated using “instein's Ceneral
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Theory of Relativity, it cen be shown that besides the usual Newtonian term, the
gravitational scalar potentiel contains terms which arise from the rotation of the
body. One of the shapes which has been investigated is the rotating massive ring>.
For a massive ying rotating in the ==y plane, the acceleration on a
stationary test body nesr the origin is spproximately:
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“here M and R are the mass and radius of the ring, ,, 4is the angular velocity, G =
6,67 x 1078 em?/gn see? 1s the Newtonian gravitational constant, ¢ is the speed of light,
and X,y,8 are the coordinates of the test body with respect to the origin of the
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rotating nass,

From these equations we see that not only does the rotsting mass fores the
test body away from the sxis in an imitation of centrifugal force, but it also pulls
it into the plane of rotatiom.

In the previcus section it was pointed cut that a rotating mass will exert
forces on a stationary test body which act like the usual centrifugal forse. In
addition, if the test body is moving st some constant velooity ¥, then it will experi-
ence an additional force which is proportional to the cpess product of the sngular
velocity of the rotating mass and the linear veloeity of the test body. This particular
force has two analogies. From a mechanical point of view, it acts like a very weak
coriolis force. From an electromsgnetic point of view,4s® it acts 1ike the gravitational
equivalent of the Lorents force on a charged particle movirng through a magnetie field,
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One of the shapes whieh has been investigated is the rotating massive sphericsl shell.
The acceleration on a test body moving with a velocity ¥ inside the shell is
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are the mass and radius of the spherical shell, and the other quantities where defined
in the previous Mon.

 The first term in each expression is the centrifugal type force on a station-
ary test body that was described in the previous section. The uooud term in the x and
y components of the acceleration are seen to depend upon the velocity of the test bedy.

When we investigate the effect of a large accelerated mass on a smmall test
body using Einstein's Theory, we find that the accelsrated body drags the test body along
with it. The exact equations are: o =

oy et s n ()

Where M, a and ¥ are the mass, acceleration and velocity of the large body and R 4s the
distance from the mmall body to the larger body.

Notice that besides the usual Newtonian attrastion, the test body experiences
forees in the direstion of the acseleration and of the velocity of the large body.

ces U Moving t

All of the above equations contain two common factors. One is the Newtonian
gravitational field and the other is the ratio of the system velocity to the veloclity
of light
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In order to obtain measurable amount s of gravitational foroce, these quantities must
be as large as poesibls. For the gravitationel field to be high we need eitler a
large mass or a high density., The greater the dendty, the less total mase we need
to get the ssme gravitational field,

It will not be possible to obtain aystems with sufficiently high rotstiocns
or valocities using the mechanical strength of materials. It will be necessary to use
flelds to held the system together under inertisl stresses. One field we could use
is the high gravitational fisld obtsinable with dense matter, although practical
devices will probebly find ways to use electric or magnetic fields.

An sxample of a aystem of rotating masues held tosether by flelds is &
contact tinary dwarf star systemy The two dense stars are kept in their orbits by
thelr mutual gravitational field.

The éf;o/rfcymum deseribing thelir mutual rotation ies
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but also & tangential acceleration

x = —en (mﬁ (éf/] Xy /64//)

where b 1is the distance of the particls from the center of the gystem,

If the test object (such a® a spsce vehicle) passcs by this star system
the radial accelerations will not introduce sny net changs in velocity tut the tangential
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acceleration will transfer snergy and momentum to the vehicle. For a neutron binary
star thess accelerstions ean be greater thsn one million g's. Thus star systems can
be used to accelsrate space vehicles to the speed of light.

An important fact to remsmber is that thess are gravitational forees. They
act independently on each individusl pertliecle of the body and although you are being
accalersted at 109eu/m2, you will feel no forees on your body; you sre still in free
fall.

By using slestromagnetiec forees to contain the rotating systems it will be
poasible to attain relativistic velocities and in this manner a comparatively smmll
smount of matter can give usable gravitstionsl effeste if it is dense enough.

There are other types of deviees for obtaining non-Newtomian gravitational
forees which use Einstein's General Theory of Relativity, but they have not besn fully
investigated in a rigorous m. For instance, two rotating gyroscopes should repel
each other if oriented properly, two pipes with massive liquid flowing through them
should exhibit a pinch effect, este,

An example of sush a device, which is readily visualised by its anmnlogy
to elestromagnetism, is a system of sccelerated masses whose mass flow can be appréxi-
mated by the current flow in a wire-would torus.?

In the elsctramagnetic case, the current ; through the wire causes a magnetis
field in the torus. If the current is constantly increasing, then the megnetis field
also increases with time, This time-warying magnetic field then crestes a dipole
eleotric field. The value of this fleld at the center of the torus is:

o8 s S flTr
Lir R+ .
Where R is the radius of the torus, r is the radius of one of the loope of wire wound
around it, and ¥ is the total number of turns.
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Ye ¢an now use th: known anslogies between the electromagnetie and gravite
tionsl rields.ﬁ' #g transform all the electramsgnetic quantities to thelr equivalent

gravitational quantitiss to get: @; _ '4(:’ - g_F 77 v Y _y
Y77 R=2

where G 1s the gravitationsl field generated by the totsl mass current N T and V) ias
the gravitational equivalent to the magnetic permeability,

“hen looking at the above equation, it is important to notisce that the time
derivative operates on the entire cuantity in the brackets, Nommally one would then
say that all quantities ars independent of time except the mass flow T, If the amount
of mass flow incresses with time then T/¥, and we will generste a gravitational field
3« However, in electramasgnetism the permeability of some materials such as iron is
non-linear., This allows the construetion of highly efficient electromegnetie field
generatore, A material with a highly non-linear would be useful in the sonstruction of
afw gravitational field generators.
Researeh iress:

Dense Materiale - It wae emphasised in the previous sections that in order to
obtain measurable gravitational effects with moderate smounts of mase it 1s necessary
to use danse matter. Thus, the most important research area that will lesd to the
generation and contrel of gravitstion is the study of degenerate matter, Ve must learn
how to menufscture, sontaln snd control matter with densities from 108 to 1013 gn/em’,
Tis is not an impoeaible task, This type of matter exists right now, From one to ten
percent of all stars in the gelaxy are made of degenerate matter. We can see this ultra
dense matter tlwrough telescopes, and study 1t with spsctrographs, All we have te do is
duplicate what nature slresdy has shown us can be done, It would seem that the best
place to begin is the study of the neutron-neutron interaction., We know the internucleon
forees are attractive, but why are !;h-ré no particles consisting of only neutrons? Is
it begause the neutron decays into a proton and elestron in 12 minutes? If we assembled
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a large enough drop of neutrons from a cold neutron gas in lees than tids deeay time,
would the binding forees prevent decay as they do in the stable atom? These and
sailsr questions deserve s.nmm. study .

maﬁbam Properties of Hatter - When we look at the gravitational
analogles to elestromagnstism, we notice that there 1s one analogous quantity which has
not besn MM@M. This 4o the gravitational equivalent to the magnetic permeability.
Our slectrical poser distribution aystens depend upon the ancmalously large snd non-
linear permeability of iron and other magnetie materisle. Since all atams have spin, all
materials will have a gravitastional permeability different than that of free spece,
Rough ¢csleulations show that this differance is very emall but experimental investige-
tion may find anomalously large or non-linsar effects that can be used to enhance time-
varying gravitational fields.

thmmemtmih-mMMmmhmam
it may be possible to use this property to convert time-varying slectromagnetic fields
into time~warying gravitational fislds,

The only way at pressnt to leok for such materisls is to intersperss wedges
of material between gravitatiomal wave mtwa and detectors sush as those deseribed
by J. Weber’ and look for a change in amplitude or direction of propagation,

None of this work will be eaay. "e are not going to have anti-gravity in
every home, But we don't have a Saturn roaket in every garage either., Futurs progress
in the control of gravitation like all modern sciences will require specisl projects
involving large sums of men, money, and energy.
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