GRAVITATIONAL EFFECTS OF MATTER IR RAPID MOTION
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In surveying the possibilities for artifloeially influencing
gravitation, the first ooncern is to decide on the physical theory of
gravitation to be adopted. It ig, of course, easy to invent new theorles
" in terms of whioh the possibllities of 1nr1uon01n¥ gravitation are
rather promising, or to postulate the existence of materisl with proper-
ties that have never been obveerved, such as a negative mass. In the
writer's opinion, such suggestions should be classifled as solience fiction,
and serious survey of the possibilities must be baged on Einstein's
General Theory of Relativity in its original form (i.e. Unified Pleld
Theories which might or might not lead to differences in the possibilities
are 2lgo regarded ae t00 speculktive).

For the purposes of this essay it 1s assumed that the problem is
%0 cancel or appreciadly reduce the gravitational fleld in s small region
near the surface of the earth. Although all schemes for affecting the
gravitational fleld at a point seem to suffer from the fatal weaknese that
the effects are so small that they are 4ifficult or impossible even to
detect, it must be admitted that the Einstein theory provides in principle
more promising possibilitiés than does the Newtonian. In the latter theory
the gravitational field at a point is obtalined by superposing the central
fields Aue to each geparate particle of matter, and the only possibility
seems to he to acoumulate an enoimous amount of matter just above the point
where the flield 48 to be reduced. In the Einstein theory, however, the
field is determined in a more complicated way that depends on the motion
of nearby matter as wall as on 1ts momentary distribution, and in fact the
gravitational effects due to nearby matter in rapid motion may be many
orders of magnitufle greater than that which the Newtonian theory would
prediot for the same mass.

To show this, we consider the following situation: a test particle
at rest 1s affected by the gravitational field according to the equation of
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and our objective ia to study the possibllity of artificlally influencin
the force which it experiencea. We assume further that the gravitationa
field as seen by the test-particle 1s static. Under these conditions, we
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and (1) reduces to
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Thus, ford/= 1, 2, 3, the aonpcnent/{éy of the affine connection plays
the role of a gravigtational fleld intensity.

Ve have now to consider the manner in which this field is influenced
by the presence of nearby matter. For thia, the general rule 1s the field

equation
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This 18 to be approximated in a way similar to that used in showing that

the Einstein theory contains the Newtonian theory as a fipst approximation®,
except that we 40 not assume small velocities for the matter giving rise

to the field. We can, of course, sssume that the metric Aalffers only slight.
ly from the Euclidean, since this would remain true even in gravitational
fields that are enormous from the terrestrisl point of view.

Thus, we put

(o)
Jer = Fav 7 Firy | (3)
where .y
(9 —/
Fay = =,

is the Euolidean metric. Thedhﬁ>/kre then smsll compared to unity, and
we neglent their squares and higher powers. From the general formula
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using (3) and the fact that the field is static, we get
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Comparing with (la) we see that the gravitational potential is
-2
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Einstein shows (MR, p. 87) that by expressing the contracted Riemann tensor
R«»in terms of the metric and making a certain cholee of the coordinate
system, the solution of (2) may be written in a retarded potential form:
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S8ee, for example, A. Einsteln, "The Meaning of Relativity", Princeton Preas,
1946 (Hereafter referred to as MR); pp 79-90
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Thus, the gravitational potential seen by the test particle is given by
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the square brackets indicating retarded quantities. The quantity () e &)
in_(6a)_1s equgl to the Newtonian gravitational constant 8 = 6.67 x 10"
on) gn~l gec~2 .

/;ne tést partiﬁle 1:)desoribed by a rest~density and
- O

It 18 seen that as the velooity of nearby matter approaches that
of light, 1ts gravitational effects increase without limit. This increase
ie not just that due to the increased energy density, which ig (kinetic
+ rest energy) ,(Oc.‘L.
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In this expression, one factor of )
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may be regarded as arising from kinetie energy, the other accomplishing
the transformation of mass density from a coordinate system moving with
the matter (in which _the density is (C) to the laboratory system., Because
of the factor () 4 £2) in (6a), a quasi-Newsonian theory in which we make
uge of the equivalence of mass and energy, but not any other relativistic
effects, would not prediet the correct gravitational effects. At high
energles, thls factor approaches two, and therefore the gravitational field
due to matter in rapid motion is twice as great as one might expeet from
1ts mass. This corresponds to a famous factor of two occurring in the
expression for the defleotion of light in the gravitationsl field of the
sun. There also, a quasi-Newdanian point of view in which one uses the
velocity and mass of a photon but not relativistic effects proper, results
in a prediction of Just half the correst amount of deflection.
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Regardless cf what is in principle possible, the sad fact remains
that the magnitude of these effects 13 sc small that there is no prospect
in sight of making any practicsal utilization of then, and little prospect
even of detecting them in the lahoratory with available techniques, 8o
there is no point at present in speculating on the details of the gadgets
that might be involved. ‘

One loophole in the above arguments which has aot been explored by
the writer concerns the asaumption of a statio gravitatiaonal field at the
test particle. If nearby masses are set into violent cseillation, new ef-
Tects appear, some of which are dlscuseed by Einstein in MR, However, the
above remarks szbout numericsl magnitude remain spplicable, and we conclude
that there ig no prospect, within the limite of present physical theory
and present techniques, of influencing gravitationsl flelds to any practi-
cally useful axtent.
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ggggggx A short caloulation demonstrates that according to the Einstein
theory of gravitation, the gravitational field produced by a given amount
of matter may be increased by setting 1t in rapid motion. This is Aue %o
two eauaesi 1) the sdded kinetic energy inoreases its maes scocording to
the equivalence of mass and energy, and (2) e further factor of two ocours
at high veloclties, whioh is of kinematic origin. Thus, in the Einstein
theory the gravitations) fleld produced by matter in rapid motion msy be
many orders of magnitude greater than that which the Newtonlan theor{ would
predict for the same rest-nmesss, and is in fact twice 28 great as would be
predicted by a quasi-Newtonian theory in which the mess of kinetio energy
is taken into acsount.

The numerical magnitude of these effects is, howsver, 80 small that
there appears to be no prospect at present for sny practical utilizatioén.



