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INTRODUCTION

The fgllowing discussion relates thevrecent}verificgtign
of the existence of anti-matter to the possibility of its use
to overcome the effects of gravity, Future efforts to utilize
gravitational energy would be greatly benefit;ed by direct ex-
perimental measurement‘of gravitational forces‘existing between
matter and anti-matter. A method for accomplishing such an
gxpgrimggt is described and application of the theory toward the
cqngtrugtion of.a‘gravitationglvshield is pointed out, The
feasibility of such a plan rests on thg experimental proof
thatmqomplgte symmetry of charge exists and”;hat anti-matter

is actually repelled by gravitational forces.,



THE USE OF ANTI-MATTER
AS A MEANS OF OVERCOMING GRAVITATIONAL ATTRACTION

It is generally believed; although there is no @;rept
experimental evidence for this; that the inertial mass as de-
figgd from Newton's second law is identical to the gravitational
mass. It should bemremembered; however; that all the experi-
menga; verifications and observed consequences of gravitational

forees to date have been carried out with ordinary matter,

Unt@l :ecently the actual existence of anti-matter was
pheoretical. However, the number of anti-particles now neces-
sarily known to exist has increased considerably in the last
few years. Especially important was the discovery of the anti-
p:qpon_ap@ﬂgnti-neutrog; and the ability to produce them under
high energy, With this inqumation and equipment ava;lgble;uit
is now feasiblemto‘palk ofvactually constructing atoms composgd
of anti-nucleons and p0sitrons; forming what is referred to as

anti-matter,

Experimental confirmstion has shown that the anti-proton;v
anti-neutron; and positron mass is the same as that of the pro-
ton; neutron, and electron, Furthermore, the electrostatic
forces are known to be symmetric with respect to charge; and
due to the charge independence of nuclear forces; anti-matter
will have the same properties as matter. Even the spectra

will have the same characteristics.
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Since the physical characteristics of matter and anti-matter
are so closely related; it should also be possibly to reclate
their behavior undcr the influence of gravitational fo:cec.

The connection lies in the great deal of similarity; especially
in mathematical fcrm;_existing between Coulomb's LawAandmthe 4
Grayi?ational Law, As previously mentioned; the electrostatic
forcég are known to be symmetric with respect to_charge; and
governed by Coulomb's Law. That is; like charges are known to

repel, while unlike charges attract,

It is quite conceivable that the Gravitational Law will
have the same type of symmetry with respect to matter and anti-
mstter. It is kmown that gravitational forces betwsen matter
and matter are attractive, The points not actually observed
so far are the following: L

1, Gravitational forces between matter and anti-matter, _

2, Gravitational forces between anti-matter and ant}-catter;
If in the first case the force is repulsive; and in the second
cage att?active; the symmetry of the gravitational law will be

analogous to Coulomb's law,

According to recent theoretical claims made at the Inter-.

.\_

national Conference on Gravitation held at, Duke University in

the spring of 1957, a repulsive force betw:cn matter and anti-
matter cen be reconciled with the existing Relativistic Field
Thecries, Hoyever; this cannot be established from theoretical
considerations alone, Therefore; in order to further future

efforts to utilize gravitational energy, a direct experimental
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measurement of gravitational forces between matter and anti-

matter would be of great value,

Any experiment which requires an observation of anti-matter
in the presence of matter must take into consideration mass to
energy qonvergion; since a particle and its anti-particle will
anpihilate‘eagh_otper giving_rise to intense gamma radiation,
Since anti-matter cannot be stable for any considerable length
of‘time; due to its annihilation properties; a direct expe?i-
mental verification of gravitational forces between them is

very difficult,

The following experiment is proposed which overcomes this

difficulty:

| - With the high energy accelerators available; it
| is posgible tomobtain a beam of anti-protons. If a short pulse
of this beam is introduce¢ into a region of uniform magnetic
field under the conditions that:

1, the magnetic field is vertical
- 2, the anti-proton beam is horizontal |
then the anti-proton pulse will be confined to a ring as a
plasmoid, , ,

B VIfhthevgrgvitational force between this plasmoid and the ‘
earphwis'aptragtive; the plasmoid will be accelerated downward,
If the force is repulsive; the o%served acceleration will be
reversed, N ”

»quqrppgvent the loss of anti-protons due to_annih@lation; the

plasmoid will be confined in an evacuated shell, This spherical



shell will also be useful as an electrostatic shield, which is
necessary in view of the relative magnitude of electrostatic

and gravitational forces,

Diagram of apparatus
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- We hgye_now el;minated the electrostatic forces by eonstruc-
ting thewgpheré of some good conductor; such as copper; to serve
as a shield, Since we wish to observe only gravitational forces
exerted on the plasmoid; the magnetic field must be adjusted
parallel to the earth's gravitational field, This will elimi-
nate g}ectromagnetic forces in the direction of the gravitational

forces,
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The space density of the anti-protons in the ?lasmoid
should now be adjusted to a reasonably low value, since the
electrostatic fprces between them will change the dimensions
of the plasmoid., If the density is low, the time taken for
any appreciable change in size can be made smaller than the time

taken for the plasmoid to reach the detector,

7 The dgtectors are situated directly above and pelgwﬁtpe
central position of the plasmoid. The observation consists of:
measurement of the time it would take for the
plasmoid to reach one of the detectors from
| - the center of the sphere,
The detector can be a large HaI(Th) crystal with a photo-multi-
plier., If an anti-propon enters this crystal it wiil proquce‘

annihilation_gamma rays which will be detected by the crystal,

If it is observed that the top detector gives a pulse; and
the bqytpmldetector does not; it will be concluded that anti-
protons experience an upward force in the earth's gravitational
field. Therefore, it will be established that the gravitational

forces between matter and aati-matter are repulsive,

One of‘the consequences of the Dirac Theory is the creation
of par;icles in pairs., This implies that in the beginning when
protons; neutrons; and electrons were created, and equal number
of anti-protons; anti-neutrons, and positrons came into being,
One can speculate that these anti-particles have formed some
stars whicp are existing in our‘universe. The light emitted by

these stars will have the same spectral characgeristics as the



CA“ LReute 3 “ :

light from a star of ordinary matter, Therefore it will not be

possible to differentiate between them,

However; acgording to the Special Theory of Relativity,
matter detepm}neg thg geometry of physical space, A positive
curvature in space is introduced in the proximity of matter,
If anti-matter is repulsed by matter; the curvature int;oduged
in ?hg physical space by anti-matter should be negative, As a
°°n53q“93¢9w°f this deformity in space; a ray of light will be
bent towards a concentration of matter and away from a concen-

tration of anti-matter,

- The first effect has been experimentally observed in the
form of_a relativé shift in the position of stars in the vicinity
of thgvsun._)Similarly; if the light ray travels in the gravi-
tational field of a star which consists of anti-matter; the ray
of light will be deviated in the opposite direction.,

Applications of gravitational energy with respect to anti-
matter may be made iﬁﬂponnectiOn?with rocket propulsion; based
on the theory that a missile composed of anti-matter will be
repelled by gravity under suitable conditions and without recourse
to the tremendous quantities of fuel now consumed,

A further application; based on the establishment of the
symmetry of gravitatiom 1 law; is the feasibility of constructing
a shield for neutralizing the gravitational field. Once this
symmetry is established, no difference will exist between the
Coulomb lgw anq the gravitational law, Therefore; by forming a
suitable conductor of anti-matter; a shield can be obtained for the

gravitational field similar to that used for the eldctrostatic field,
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