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The iinear sheory of gravitation préedicts a

vzloeity dependence of the gravitational pull. It has been
aaked4 whether this fact would make the gravitational acceleration

of an stomic nucleus of, say, copper different from the

acceleration of a hydrogen nucleus, as the latter is a single

proton
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equivalence
gravitational aceceleration on the nature of the nucleus,
nevertheless 1t has been shown by consideration of an electro—
EEFERCI RN EEARIISEAE dynamic model of a rotator that the effects
of the high speed of the ouier parts of a rotator also in the
linear theory of gravitation are substantially undone by compsn-—
sating effects in the mechanism that keeps the rotator together.”
It is interesting to remark that the velocity dependence
gravitational acceleration is a feature not merely of the
theory, tut of Einstein's theory as well. Using "isotropie
coordinates", the static spherically symmetric gravitgtional Tield

practically at rest, while the former contains nmiacleons

ast within it.s

Although the linear theory does not assume the validity
principle, which would forbid such a dependence

around a star may be described by a line element given by

"~

3s® = Q (dx° + ay? + dz2) - §2c2 at?, (1)

wnere Q and Q are functions of r = ‘}/x2+yz-t-:i only.

A particle moving in this field with a velocity

v d.x/dt [with speed vz'(/q(v +v;2+ vr) (2)
- ~ 5 ;ﬂ 2
o meev=' EYQv ]
T x
will experience an acceleration
dv czv vzv v dRR ¥ dq (3)
B = # = # = =, 3
~at 2q~‘Q 2Q~ S at Q 4t
where
aQ iR
= =x.7q — = 1.7Q (4)
Finstein's gravitaticnal equations give
1412
1 -1
Q= (e 0, Q. (=2),
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wWhare 1 = -9 , wWith G : gravitational constant, ¢ = speed

of light, and M = mass of the star. In practice (for planets ete.),
1 is very small, and

Qx1_+2i+..., 91:1"2i+212+010'
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(Tnis approximation is s2od enough for the following.) Then,
¥EE by Eq. (5), the grasitational acceleration of a particie
at rest is

- 02 ey GH-IQ ;
§ = !-(v:O) = —EE_E.JL = ——;3-(1 - 41 ...), (7)
and for a moving particizs we find6
v 4xirg)
g=§(1+?—)--—-——;§——+ , (8)
where we neglect terms ¢f the oxder 12§ and-:éuié, but we neglect
¢

no powers of % in the terms linear in g.

If we resolve @ and g into components || ¥ and v,
we find v2

2% & (1 - 5:§); (9)
72

2y =8 (1 +—). (10)
a

Pigure 1 shows this relation for the case v = ¢ {(for

protons), HEME for which 51 = 2 g, This explains why

Finstein's theory gave twice the bending of light rays passing
the sun predleted according to KNewton'!s theory.

Equation (9) shows that, for an object apprcaching or
leaving a ster (y || g), Ihe gravitational attraction changes

into a repulsion for v > c1/13 ‘¢ 0,58 c . This is not

much of s help in interstellar travel, as such high speeds
do not cccur just after take—off or just before landing.
For objects bypassing a star, the effects of 2“ before and

after passing cancel each o¥her, and only the bending of the
path according to Eq. (10) is important., If a syichrotron beam
(vf;vac;i is shot wp verticaliy, it Wil expéricace 4 graviiaﬂunat duceleration

¢ up (instead of g down), but this waostd 08 Aifiicale te mudiure.



A blind application of Eqs. () - (o) to a rotational
metien

X X A cos W, y A sin wt (12)
M a plane passing thredgh the sTaxr would seem te yicld a gravi-
tational accelevation Which on the averase would he decves sed
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- 1 F = .
n ¥ then & fres varticle travels according %o

xt o= vl y' o= vitt, vf o= vitt, (7

wiln constant velooity ¥'. By transforming back %o }:, we find
az a function of t. Thence, we calculate ¥ =dx/dt and

{® (H

= dy /dt. PFrom the latter equations we eliminate v', snd we
obtain a as a function of ¥. This yields Eg. (3), and hence

Ba. (B8). Tre terms quadratic in v are found to arise in this
derivation partially from the terms in (15) gquadratic in the
coordinates, as x ~ xV = vit' ~ vxt. when squared, will contribute
to a second time dexrivative; and partially from the fact that,

for instance in x = x'/YQ = vz';tm , a factor like .Q/E

by Eq. (4) introduces enother time dependence. All these xf
contrivutions to a therefore arise from the motion of the

particlce to points x' = v'i' away from 1ts starting point,

For a - . rovational or vibrational motion, on the
other hiand, in L' Bg. (17) must be replaced by socmething
differant, and,if the center instantaneously was at rest,
this cn the average will keep the particle where it came from,
and in the mesn no v- contritutions to s will arise. If the
center moves, then a on the average will be the function (3)
or (8) of the velocity v of the center rather tnan of some
jittering parts.

The method of derivation of Eq. (3) propcsed here has
not only the advantage of being easily adspted for a discussion
of oscillators and rotators. This method, which avoids the
explicit mentioning of geodesics 1n curved space which scares
people of little mathematicsl sophistication, can also be used
for deriving the forrulas for the experimentally verifiable
predictions of Einstein's theory. We mentioned already the
banding of light (BEq. 10 and Fig, 1). The gravitational red
ghift follows from I .. %' = thﬁ[ in Eq. (15)t An observer
at Infinity 1n.}:, using for comparison an emitter of light of
frequency V,, observes the frequency ¥ of a similar emittier
falling freely near a star, and emitting the frequency ¥, with
respect to the freely falling frame of reference L '. Therefore,
V/v, = (@) V™! = YR = 1 -1,

30 Corear e 8? — (5 M
F e qe % -l = . (18)
v Tk




¥or deriving the perihelion motion of the planeis. we
mist intezrate the equation of moticn (%). It is sasily
verlified that integrels of motion are given by

F v 1 : : vz + 1 L (19)
= ey - e = -

2 S 2 c Ei
and by

_{X = 2 XV , (20}

By considering whet values these constants take @B faraway
from the ster (r >0, Q —>1, Q-—-}ﬂ, we find that ¥
amij& ere related to the energy k and the lax momentuam L

of the planet of rest msass !A Ty ‘°1b

pe’ N

;
E = 1/____ /____5, (21)
1 - P v
-5
Ei} F'Q Lxv C {on)

Ey the conventionsl methods, Eg. (8) is now brought into
the form

i+§$§- = %i—[air-1+f2—)l, (23)
with 1 = m/r GH/o r. Using a trial solution
1 = B(1+eoosﬂp). (24)
we find
v —T:‘;p‘, (25)

and, in first approximation,
T=1, ]\2 = ncla(i - 02), and P x ~

o

. (26)

The motion in this approximation is along a XKepler ellipse
of msjor semiaxis a and excentricily e. The nsxt approximation
yields Einstein's result for the advance of the perihelion

pexr period,
"] = 2vr(11r—1) N (1 -9 =« SWGOH (7-7)

craff « eb)
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Alzo on less sclentific grounds, it hasb cen suggested that
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tals partvicularly simple dependence of 8 on ¥ 1s dus to cur

choice of isotropic coordinates. With Bchwarvschlld'a
ccordinates, r and therefore v and a have different meanings
und therefore depend riifezently upon esch other.



