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Abstract

Comment on a recent article by Van Flandern [Phys. Lett. A 250 (1998) 1]. © 1999 Published by Elsevier Science B.V.

All rights reserved.

In a provocative paper, Van Flandern [1] argues
that the speed of propagation of the inverse-square
gravitational force must be, if not infinite, at least
greater than 2 X 10%° c. The core of the argument is
the statement that *‘ the consequences of introducing
a delay into gravitational interactions ... is usualy
disastrous because conservation of angular momen-
tum is destroyed’’. Thus, Van Flandern argues that if
the speed of propagation for gravitational fields is
limited to the velocity of light, two gravitating masses
would experience a torque which accel erates the two
masses so as to add angular momentum to the sys-
tem. Since the effects of such a torque have not been
observed, Van Flandern concludes that the speed of
gravitational interactions must be far greater than
that of light to minimize retardation effects.

Van Flandern quotes Sir Arthur Eddington’s de-
scription of the argument and goes on to note that
“*the speed of gravity in Newtonian Universal Law
is necessarily infinite. But [general relativity] reduces
to Newtonian gravity in the low velocity, weak-field
limit, which raises the obvious question of how that
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can be true if the propagation speed in one model is
the speed of light, and in the other model it is
infinite’’. Eddington’s version of the argument, with
reference to Fig. 1, is:

“‘If the Sun attracts Jupiter towards its present posi-
tion S and Jupiter attracts the Sun towards its pre-
sent position J, the two forces are in the same line
and balance. But if the Sun attracts Jupiter towards
its previous position S, and Jupiter attracts the Sun
towards its previous position J’, when the force of
attraction started out to cross the gulf, then the two
forces give a couple. This couple will tend to in-
crease the angular momentum of the system, and,
acting cumulatively, will soon cause an appreciable
change of period, disagreeing with observation if the
speed is at al comparable with that of light'’.

Note that Eddington chooses a non-rotating frame of
reference with origin at the center of mass. If one
were to choose a frame of reference centered on one
of the masses, say S the force on J dueto S is
aways directed radially toward S. The force on S
due to J is also always radial and directed towards
J. But since J is moving in the non-rotating refer-
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Fig. 1. Orbit stability and finite propagation speeds.

ence frame of S, one must consider retardation ef-
fects, and in this case there is no couple but linear
momentum is not conserved. This is due to the fact
that the force of S on J is not collinear with the
forceof Jon S

In Eddington’s book [2], the very next sentence
after Van Flandern’s quote states that ‘‘ The argu-
ment is fallacious, because ..."" and there follows
some discussion and a reference to Note 6 in Edding-
ton’s Appendix. While Eddington’s comments as to
why the argument is fallacious are cursory at best, he
does speak of the potential of Liénard and Wiechert.
He implies that if one first computes the retarded
potentials of the two masses, one abtains the gravita-
tional equivalent of the Liénard and Wiechert poten-
tials and the latter are well known to yield, for a
charge g with a uniform velocity v, electric and
magnetic fields at an observation point O that point
back to the present position, not the retarded posi-
tion. As a result, Eddington concludes that there is
no torque.

The no-torque result can be obtained from the
Lorentz transformations when they are applied di-
rectly to the static Newtonian gravitational force. We
will do the equivalent computation below in terms of
the gravitational version of the Liénard and Wiechert

potentials. Consider also the Trouton and Noble [3]
experiment where two charges are held at the oppo-
site ends of a horizontal rod. Before special relativ-
ity, because of the Earth’s rotation and revolution
about the sun, it was believed that the axis of the rod
will inevitably be inclined with respect to its direc-
tion of motion through the ether. Thus the two
charges would produce currents that repel (attract)
each other if the charges are opposite (alike), and
consequently there will be a torque on the rod.
Special relativity, where there is no ether, predicts no
torque and none is observed in the charges rest
frame.

The Van Flandern argument predicts the wrong
result when applied to Trouton and Noble type ex-
periments. For the sake of simplicity, consider two
opposite charges such that the line connecting them
is instantaneously perpendicular to the velocity, v, of
an observer moving with respect to the charges. One
would predict, using Van Flandern’s argument, elec-
tric fields pointing back to retarded positions of the
charges. If F is the force aong the line connecting
the charges in their rest frame, there would be a
force Fv/c on each charge opposing v. This force
cannot be canceled by the v?/c? magnetic force
between the charges.
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The above considerations yield two conclusions:
(1) rather mysteriously, retardation is enough to ob-
tain the right potentials, as Liénard and Wiechert did
before special relativity, but retardation (as used by
Van Flandern) is not enough to obtain the right
fields; and (2), the Lorentz transformations predict
that an observer with respect to whom two masses
are moving will observe a ‘magnetic’ velocity de-
pendent gravitational force. We now turn to the
gravitational equivalent of the Liénard and Wiechert
potentials, and present what we believe Eddington
had in mind when he declared that the argument
given by Van Flandern was fallacious. The only
difference between the potential theory of gravite
tional and electrostatic fields is that the electrostatic
potential may have either sign. This being the case,
one may compute the Liénard and Wiechert poten-
tials for a particle of mass m moving with velocity
v. A particularly simple and clear derivation in the
case of electromagnetics is given by Reitz and Mil-
ford [4], and a clear discussion and concise exposi-
tion by Panofsky and Phillips [5]. The formulas
obtained are, of course, identical to those obtained
by applying a Lorentz transformation to the fields of
a static charge. In the gravitational case, one obtains
for the potentials

m 1
¢=Go. A=Zév, (1)
where

1/2

L'2 .
s=r, 1—?sm2¢ , (2)

and the geometry is shown in Fig. 2. From the
figure, it is clear that

24 52 1/2
sing = M, (3)
o
so that s may be written as

1/2
02

s= x§+Y02—?(y§+z§) : (4

We have retained c for the velocity of propagation
but additional discussion, given below, is needed to
assert this is actually the velocity of light.

Retarded Position

Observation point

Fig. 2. Field coordinates and geometry for a particle of mass m
moving in the x,-direction with velocity v.

The gravitational equivalent of the electric field is
then given by

A

A 5
9——¢H3?——¢—&7. (5)

Since the motion is in the x,-direction, the gradient
becomes

d ds d x, d

dx0= dxosE= s ds’

Straightforward substitution gives
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The key point, particularly with regard to Van Flan-
dern’s argument, is that the the field is directed
along r,, the line joining the observation point to the
present position, not the retarded position. We be-
lieve this result is what motivated Eddington to
claim the argument presented by Van Flandern is
fallacious.

There is also a gravitational equivalent of the
magnetic field called the ‘gravitomagnetic’ field in
general relativity. And it is the fact that one obtains
similar expressions in the weak field 3+ 1 formula
tion of general relativity [6] that allows one to iden-
tify the velocity of propagation, given above as c,
with the velocity of light.
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