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GRAVITATIONAL EFFECES OF MATTER IN RAPID MOTION
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Summary A short calculation demonstrates that according th the Einstein
theory of gravitation, the gravitaticnal field »roduced by a given amount of
matter may be increased by setting it in rapid motion. This is due to two
causes; (1) the added kinetic energy increases its mass according to the
equivalence of mass and energy, and (2) a further factor of two occurs at
high velocities, which is of kinematic origin., Thus, in the Einstein theory
the gravitational field produced by matter in rapid motion may be many
orders of magnitude greater than that which the Newtonian theory would
predict for the same rest-wass, and is in fact twice as great as would be
predicted by a quasi-Newtonian theory in which the mass of kinetic energy

is taken into account,

The numerical magnitude of these effects is, however, so small that
there appears to be no prospect at present for any practical utilization.
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In surveying the possibilities for artificially influencing gravitation,
the first concern is to decide on the vhysical theory of gravitation to be
adopted., It is, of course, easy to invent new theories in terms of which
the possibilities of influencing gravitation are rather promising, or to
postulate the existence of material with properties that have never been
observed, such as a negative mass. In the writer's opinion, such suggestions
should be classified as science fiction, and serious survey of the ovossibilities
must be based on Einstein's Gensral Theory of Relativity in its original form
(i.e. Unified Field Theories which might or wmight not lead to differences in

the possibilities are also regarded as too speculative).

For the vurnoses of this essay it is assumed that the vroblem is to cancel
or appreciably reduce the gravitational field in a small region near the
surface of the earth. Although all schemes for affecting the gravitational
field at a point seem to suffer from the fatal weakness that the effects are
so small that they are difficult or imvossible even to detect, it must be
admitted that the Einstein theory vrovides in orinciple ~ore promishg
possibilities thah does the Newtonian. In the latter theory the gravitational
field at a point 1s obtained by superposing the central fields due to each
separate particle of matter, and the only cvossibility seems to be to accumulate
an enormous amount of matter just above the n»noint where the field is to be
reduced. In the Einstein theory, however, the field is determined in a more
comnlicated way that depends on the motion of nearby matter as well as on its
momentary distribution,; and in fact the gravitational effects due to nearby
matter in ranid motion may be many orders of wagnitude greater than that which

the Newtonian theory would oredict for the same nass,
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Thus, the gravitational notential seen by the test particle 1s given by
(H(‘ ) o x
7 = [‘° (63)

the sguare brackets indicating retarded guantities. The quantity (>(02/877)
in (6a) is equal to the Hewtonian gravitational constant G = 6.57 x 1078
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It is seen that as the velocity of nearby matter approaches that of light,
its gravitational effects increase without limit. This increase is not just
that due to the increased energy density, which is (kinetic & rest energy)

_ees
l-p*

In this expression, one factor of
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may be regarded as arising from kinetic energy, the other accomplishing the
transformation of mass density from & coordinate system moving with the matter
(in which the density is e ) to the laboratory system. BRecause of the factor
X
(1 + ) in (6a), a quasi-Newtonian theory in which we make use of the
equivalence of mass 2nd energy, but not any other relativistic effects, would
not oredict the correct gravitational effects. At high energies, this factoe
apuroaches two, and therefore the gravitational rield due to matter in rapid
motion is twice as great as one night expect from its mass. This corresponds
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to a famous factor of two occurringe in the exvression Pfor the deflection of
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licht in the gravitational field of the sun. There also, a guasi-iicwtonian
point of view in which one uses the velocity and mass of a photon but not
relativistic effects oroper, results in a prediction of just half the correct

agmount of deflection.

Regardless of whdat is in vprinciple possible, the sad fact remains that the
magnitude of these effects i: so small that there is no orospvect in sight of
making any vractical utilization of them, and little prospect even of
detecting them in the laboratory wit! availsble techniques, so there is no
point at present in sveculating on the details of the gadgets that might be

involved,

One loophole in the ahove arguments which has not been explored by the
writer concerns the assumation of a static gravitational field at the test
particle, If nearby masses are set into violent oscillation, new effects
apnear, some 0of which are discussed by Einstein in MR. However, the above
renarks ahout numerical magnitude remain anplicable, and we conclude thzat
there is no nrospect, within the limits of vresent nhysical theory and present
techniques, of influencing gravitational fields to any practically useful

extent.
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