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Special Relativistic Gravitational Theory

Zhang Junhao' and Chen Xiang’
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Based on special relativity, we introduce a way to develop a new field theory
from (1) the relativistic property of the particle coupling coefficient with the
field, and (2) the field due to a static point source. As an example, we discuss
a theory of electromagnetic and gravitational fields. The results of this special
relativistic gravitational theory for the redshift and the defiection of light are the
same as those deduced from general relativity. The results of experiments on
the planetary perihelion procession shift and on an additional “short-range
gravity” are more favorable to the special relativistic gravitational theory than
to general relativity. We put forward a new idea to test experimentally whether
the equivalence principle of general relativity is correct.

1. INTRODUCTION AND CONCLUSION

As is well known, the explanation of the anomalous perihelion shift
of Mercury’s orbit was a triumph of general relativity. However, between
1967 and 1974 there was considerable controversy over whether the peri-
helion shift was a confirmation or a refutation of general relativity. This
controversy has not yet been concluded because the disagreement of the
contribution of a solar quadrupole moment remains unresolved (Clifford,
1981). Some people hope to find a new gravitational theory that can avoid
the possible difficulty of the perihelion shift.

Recently, Stacey et al. (1987a) deduced from their experiments some
results which suggest that gravity contains a Yukawa potential contribution.
One cannot deduce this additional Yukawa potential from the equation of
the metric field of general relativity. However, it is impossible that one part
of gravity is relative to a metric field while another part is independent of
it. This fact means that we need a new gravitational theory different from
general relativity.
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So far, all interaction theories except gravitational theory are based on
special relativity. Therefore, it is natural to explore the possiblity of develop-
ing a gravitational theory based on special relativity. This is the main purpose
of this paper. Our discussion proves that the gravitational field must be a
tensor of rank three, and that the gravitational force contains four terms
from special relativity. But previous gravitational theories only take one
term into account. So the consequences of a theoretical calculation of the
redshift, light deflection, and the perihelion shift contradict the experimental
results. This leads to the conclusion that one cannot explain the experimental
results from a gravitational theory based on special relativity.

In the following discussion, we prove that if we take the other terms
into account, then the results of the theoretical calculation of the redshift
and light deflection are the same as those deduced from general relativity,
and the result for the perihelion shift allows a slight difference from the
corresponding result of general relativity. The important thing is that it is
easy to find the field equation of an additional Yukawa potential. All the
experimental results are more favorable to the special relativistic gravita-
tional theory than to general relativity. Of course, we still need some new
experiments to determine whether the special relativistic gravitational theory
or general relativity is correct.

Generally the equivalence principle of general relativity has assumed
that an accelerated frame in a region free of gravitational fields is equivalent
to a rest frame in a given infinitesimal region. We can now consider the
premises of this principle. First, the gravitational mass is equivalent to
inertial mass. Second, the direction and the magnitude of gravity are
independent of those of velocity.

From the point of view of the special relativistic gravitational field
theory, some terms of gravity depend not only on mass, but also on velocity.
Hence the principle of equivalence is incorrect in general. But it is difficult
to observe these effects in experiment because the predicted effects of special
relativity are very slight.

Discussing within the context of general relativity, Weinberg concluded
that the principle of equivalence is tenable if the linear dimension of the
particle is much smaller than the dimension of the gravitational field. On
the other hand, we can easily see the difference from our discussion.

2. GENERAL CONSIDERATIONS

In general, the force exerted on a particle by a specific field depends
upon the velocity of the particle. Suppose that the 4-dimensional force K,
can be expanded in a series of powers of 4-dimensional velocity U,

K, (U,)=T,+T,U,+T,,,UU,+--- 1
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where

3K, S IK,
P 20U, U, |y, o

(2)
According to special relativity, both K, and U, are tensors of first rank.
So T,, T,,, and T,,, are tensors of first, second, and third rank, respectively.
Substituting equation (1) into K,=iK -u/¢, where u is the 3-dimensional
velocity and K is the 3-dimensional part of K, we obtain

r.v,=0, TLT,UU,=0, T,UU/U=0 (3)

TV = KV B Tva

- s
U,=0 U, |y, -0

Since every T is velocity independent, from equation (3) we obtain that
the tensors defined in equation (2) must satisfy

T,=0, T, +T,, =0
oo+ T+ Tyro+ Topgt T+ Tyup =0 | )
Denote the nth term on the right-hand side of equation (1) by K", e.g.,
k=1, K@®=1,U,, K9=T,,U,U, (5)
The force exerted on a particle by one type of field is proportional to the

strength of the field. Using H,, H,,, and H,,, to express the strength of
field, then

T,=pi’H,,  To=piHw,  Tup=p Hiop (6)
where H,, H,,, and H,,, are tensors of first, second, and third rank,
respectively. The coefficient u{§" is invariant under Lorentz transformation;
it is defined as the particle coupling coefficient with the tensor field of rank
n. The coupling coeflicient with the electromagnetic field is the charge g,

and the coupling coefficient with the gravitational field is the rest mass m,.
Considering equation (5) and the relations

K, = y{F,iF -u/c}, U, = y{u, ic} (7)

where F and u are the 3-dimensional force and velocity, respectively, and
y=(1—-u?c"?) "2, with ¢ the velocity of light, we have the expression of
the 3-dimensional force by the tensor field of rank n,

FJ('n)zﬂ(n)[(ic)n_lf'lj444-v-+(iC)n_z(I'Ijk44-~-+Hj4k4---+Hj44k---+' C)uy
+ '+I_Ijklm---ukulum o ] (8)
M(n)zﬂgn),yn—2 (9)

The construction of the force expression is u‘" * {polynomial of power
of u,}, and its maximum power of u, is (n—1). The '™ is called the
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coupling coefficient of the moving particle with the field of rank n. Corre-
spondingly, u$" is the coefficient of the rest particle. The relation between
™ and 7y can be called the relativistic property of the coupling coefficient.
We should emphasize that the form of the 3-dimensional force exerted on
a particle by a field as well as the dependence of the coupling coefficient
of the moving particle on the velocity are completely determined by the
rank of the tensor field. Conversely, we know that the relativistic property
of the coupling coefficient can determine the rank of the tensor field.
Of course, another type of relation between K and U is

Ki") = ,u'OHap---w UvUo- Tt Um
") satisfies

K{"=0

but we may prove that K

for this type of relation, from KU, =0.

Now consider several simple situations.

(i) We assume that the coupling coefficient of the moving particle is
pM=ui’y7", and the field acting on the particle is a first-rank tensor
(4-dimensional vector field). According to equations (4) and (6), we have

H,=0 (10)

This means that no such vector field exists. In other words, we cannot find
a kind of field with coupling coefficient u". This agrees with present
experimental observations.

(ii) Suppose that the coupling coefficient of the moving particle has
nothing to do with the velocity of the particle. In this case the field must
be a tensor of rank two: u® =pu$.

(iii) The coupling coefficient of a moving particle with a tensor field
of rank three is u® = 1§ y. The gravitational mass of a particle is m = m,y.
So this implies that the gravitational field is a tensor of rank three.

There is reason to believe that a tensor field of rank higher than three
may exist, but it has not yet been observed.

3. ELECTROMAGNETIC INTERACTION

3.1. The First Fundamental Hypothesis of Electromagnetic Theory

The most important experimental fact is that the charge of a particle
is independent of its velocity, namely that the coupling coefficient of a
moving particle is u® = g. This experimental resuit can be taken as the first
hypothesis of the electromagnetic theory. From this we immediately obtain
the following result.
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(i) The electromagnetic field is a tensor of rank two.
(ii) According to equations (4) and (6), the field strength must be an
antisymmetric tensor,

H,=-H,, 11)

There are only six independent components. With the usual notation, we
can write

0 B, -B, —iEjc
H,=| % 0 B b (12)
Bz —Bl 0 _1E3/C

iE,/c iE,/c iEs/c 0
(iii) In this case, equation (8) has the simple form
F® = u®{icH 4+ Hyu} (13)
or
F?=g(E+uxB) (14)

This is just the Lorentz force, also only a consequence of the first hypothesis.

We need to take two points into consideration. Generally speaking,
the 3-dimensional force is a function of 3-dimensional velocity. It can be
expanded as

F(u) = F( 0)+(3E) u+1< o'F, ) wat, + (15)
AU )= F. L= e — . . — TR PR
S Al ou; u;=0 12 au]' oy =0 ik

J

Therefore we should know if it contains a term depending on wu;. The
reason that we do not observe such a term in the present investigation is
perhaps due to the small particle velocity. Can we observe effects represent-
ing this term when u - ¢? The answer derived from equation (13) is negative.
It would lead to a collapse of special relativity if one could observe this
term experimentally. So far such an observation has not been established.

In the general case, the second-rank tensor can be split into symmetric
and antisymmetric parts,

H;=8;+ B (16)

where S;; is the symmetric part of H;;, and the direction of u- & is not
perpendicular to u. Equation (11) means that only the antisymmetric part
appears in H;;. Therefore, the direction of the velocity-dependent force is
only perpendicular to u. This agrees with current experiments.
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3.2. The Second Fundamental Hypothesis of Electromagnetic Theory

The fields due to a static charge are
E=gr/(4meer’), B=0 (17)

The electromagnetic field due to a moving charge can be derived from
equation (17) by utilizing a Lorentz transformation. Thus, we can further
establish the clectromagnetic equations. We can adopt equation (17) as the
second hypothesis of electromagnetic theory.

4. GRAVITATIONAL INTERACTION

4.1. The First Fundamental Hypothesis of Gravitational Theory

The first fundamental conclusion of gravitation experiments is the
equivalence of inertial and gravitational mass; this means that the coupling
coefficient of a particle with the gravitational field is m=myy=u". In
general, we call this conclusion of experiment the first fundamental
hypothesis of gravitational theory. We can derive three conclusions from
this fundamental hypothesis immediately.

(i) The gravitational field must be a tensor of rank three.

(ii) According to equations {4) and (6), the gravitational field sirengths
satisfy the relation

H,,+H,,+H,,+H,+H,,+H,,=0 (18)

(iii) Considering equation (8), we obtain
F® =y O —c*Hyga+ ic(Hya+ Hygj)u; + Hyjuguy ] (19)
Here we use the symbol G; to express the third term of this formula,
G, = mHuu, (20)

From equation (18), we can prove that this term is the component of a
vector which is perpendicular to u; then it can be expressed in the form
me *(ux R - u). Therefore, the gravitational force has the form

1 1 1
F(3)=m<E+—u><B+;ll'9"*—2“"%'“) (21)
c C

where
E;=—c’Hyu, B; =%icz(ij4_ij4+ Hja — Hiay)
Py =3ic*(Hya+ Hyat+ Higy + Hyi) (22)
Ry= %CZ(I'IjkI — Hy;+ Hy — Hy;)

where (i, j, k) takes an even permutation of (1,2, 3).



Special Relativistic Gravitational Theory 585

4.2. The Representation Subspace of the Lorentz Group
Equations (2) and (6) mean that H,,, is symmetric for g, p:
H,,=H,, (23)
Then equation (18) becomes
H,.,+H,, +H,,=0 (24)

Equations (23) and (24) reduce the 64-dimensional representation space
into a 20-dimensional subspace. This corresponds to the fact that we can
only measure 3+3+6+8 =20 experimental values of field strengths [the
coefficients of each term of equation (21)].

The third-rank tensor H,,, can be confirmed by the direct product of
a partial differential operator d/6X, with a tensor potential A,, of rank
two. Suppose that A,, is a symmetric tensor,

Arn=A, (25)

In the general case, H,,, can be expressed as

A
H,, = £+ 2+ 26
P T hx, T Pax, Bax, (26)

From equations (23)-(25), we get
a,=as;= —a, (27)
If we choose a; =1, then we have

3A,, 10A,, 134,

H,, = 28
PeX, 20X, 293X, (28)
Substituting equation (28) into (22), we obtain
E = _cz(aA44 _aAi4>
0x; 0x4
_3ic? (aAk4 aAj4)
! 2 axj 0Xy
(29)
P. =_i.c_2 (8A4j+_.aA4i_ 2 %)
Y2 \ex 8x 89Xy

R, = C2(_0A_k’_%_f_’>
i 8xj' 8xk
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4.3. Discussion of the Gravitational Experimental Results
in the Range r> 1000 m

4.3.1. The Gravitational Field Due to a Static Spherical Body

To further develop the equations of the gravitational field, we should
discuss the possible form of the gravitational potential tensor from the angle
of the space rotation group. Under the space rotation, A4, is scalar, A;, and
A, are 3-vectors, and A;; is a 3 X 3 tensor. Because of the spherical symmetry
of the source, they have the form

A= £(r), Aj4=A4j=i77(r)xj/r
Aij = Z(r)5,1 + B(r)xixj'/rz

Furthermore, all of the A,, are time independent. Substituting (30) into
(29), we obtain

(30)

dé x;
— _p2 21
E=-c dr r
Bizo
dn n) XX, M } 31)
Py c[(dr r) ra"
dl, %6 — X8,
R, =222 7% J
“=c dr r
where
dg_di 9
dr dr r

When the source of the field is due to a static sphere, R;; is not dependent
on { or 6 singly but on ¢, only. Now let us assume that 8 = 0 in the following
discussion.

4.3.2. Planetary Motion in Gravitational Fields Due to a Static Sphere
Substituting (31) into (21), we obtain

2 d§ d’] ’7) dgl (Cl] dgl ) }
(3) — I__ 25> =1 7 +—= 2| —=—=+=
F _m{ c » ( , cu, . u- e, ; U, ju (32)

where e, is the unit vector in the r direction, and u, is the r component of
u, respectively. From this formula, we get

dw_( d¢ 1dng , 7 2)
w_( T ear et dt (33)

———d(rmu‘”)=—<ﬂ+% u,) dt (34)

rmu, roodr
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where w = mc> and u, is the ¢ component of u. The solution of (34) is

rmu, = (rmu,)|,, exp[—c J.r?dt—gl(r)+§1(ro)] (35)

If n #0, then the angular momentum will decrease with time in the range
n>0 and increase in the range 7 <0. But we never observe this
phenomenon, so we say that the A;, component of a gravitational field due
to a static spherical body is zero, namely that

Ajg=Ay=in(r)x;/r=0 (36)
Thus, we can derive two integrals of the motion of a planet,
w = wo exp[—£(r) + £(ro)] (37)
and
rmu, = (rmu,)|,, exp[— () + {1(r0)] (38)

Although this formula suggests that the angular momentum varies with r,
in the following discussion we shall prove that {,(r) ~ GM/c*r. Due to this,
the deviation of the angular momentum of Mercury is within a few parts
in 10", which can be considered in the error range of experiment. Therefore,
this conclusion does not contradict the result of astronomical observation.
From equations (37) and (38), we get

ru, = h exp[£(r) — £,(r)] (39)
ul+ul=c’—k’exp[2£(r)] (40)

where h and k are constant. According to the inverse square law of gravity,
&(r) and ¢,(r) can be expanded as

Er)=ar  tar P+ . (41)
fl(r)=ﬁlr"1+ﬁzr_2+' t (42)

where a,, a,, B, and B, are unknown coefficients which can be determined
by present experimental results. From the conclusions of classical gravita-
tional theory, we can forecast that a,< @; and B,< B;. Substituting
equations (41) and (42) into equations (39) and (40), we obtain the equation
of orbital motion of a planet and get the perihelion shift of the planet,

Ap=—2T )(231—a1+ﬁ> (43)

a(l [2 4]

where e and a are the eccentricity and semimajor axis of the orbit,
respectively.
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4.3.3. Light Propagation in a Gravitational Field Due to a
Static Spherical Body

Since Maxwell’s equations only describe an electromagnetic wave
propagating in gravity-free space, we must develop a new set of equations
which can describe electromagnetic wave propagation in gravitational fields.
We discuss this problem in Section 5.

Here let us consider a photon as a particle with velocity ¢ and mass
m = wc°. Therefore, the photon is acted upon by gravity, and we can derive
an equation for the orbit of a photon in a gravitational field. The following
discussion shows that both methods give the same result.

According to the relations of momentum, energy, and mass of special
relativity,

G =mu, w = mc’ (44)
we have
G’ —wc ?=m*(u’ - c*) = —mjc’ (45)
for all kinds of particles, where m, is invariant under the Lorentz transforma-
tion. This relation agrees with the first hypothesis of gravitational theory.
Therefore, for all kinds of particle (including the limiting case u - ¢, my—0),
equations (21), {37), and (38) are still correct.
From equation (37), we have
w=wo[1—£(r)+36(r)++ -] (46)
where w, is the energy of a photon at r =00, According to the quantum
theory of the electromagnetic field, w = Av, we obtain
v—vo=—volar ' +(a,—3ad)r+- -] (47)
This is the formula of the redshift.
Now consider light deflected in the gravitational field of the Sun. Using
equation (39) and
W+ ui =¢? (48)
where u, and u, are the r component and the ¢ component of the velocity
of light, respectively, we derive the orbit equation of light

dp\> ¢
(‘E> = {1+2[L,(p)~ £(p)]+- -}~ p’ (49)
do h
where p =r"". Therefore the deflection angle of the light is
_ 2(B1—ay) _2(31 ~a,)’

R R?

5 (50)

where R is the radius of the Sun.
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4.3.4. Discussion of the Results of Gravitational Experiments

The experimental values of the redshift, the angle of deflection of light,
and the planetary perihelion shift are

GM

SOy

4GM
¢’R (1)
5, _6TCM(1+2)
= a(l-¢?

respectively. Comparing the experimental values with the first-order
approximate theoretical values, we have

-GM
ay=—p;= 2
G*M?
a,=-3A— (52)
c

Most physicists take A =0 here. From this point of view, three experi-
mental values can be expressed by two. parameters «; and B,. It implies
that special relativity can explain the internal relation of these three experi-
ments. The disagreement over whether A=0 is exactly satisfied remains
unresolved. If A# 0, one has problems in general relativity. On the other
hand, it is easy to give a description for the special relativistic gravitational
theory.

The most important point of the result is that the preceding special
relativistic gravitational theory only calculates the contribution of the E;
component of equation (21) (the contribution of «,, @,), and does not
consider that the gravitational fields tensors of rank three. But this is not
an essential error of special relativity.

4.4. The Second Fundamental Hypothesis of the Special Relativistic
Gravitational Theory and the Equations of Gravitational Fields

Recently, Stacey et al. (1987a,b) discussed a Yukawa potential term
of gravity. Correspondingly, we put forward a second hypothesis of gravita-
tional theory from the experimental conclusion for r> 1000 m. Then we
develop an auxiliary hypothesis from the experimental results for r < 1000 m.
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4.4.1. The Second Hypothesis of Gravitational Theory Based on the
Experimental Data for r> 1000 m

According to the experimental data for r>1000m, the second
hypothesis of special relativistic gravitational theory is that the gravitational
tensor potential due to a static spherical body is

~-GM AG*M?
Aw=""5—"""733
cr 2¢°r
Au=Au=0 (53)
GM B,
Af(ﬁ*?) %

where A =6A and 8,~ G*M?/c*. Here Ay, is the solution of the nonlinear
equation

0AL 0A 477G
Sl T e (54)

ViAu+A

“T%ex ax,

in the case of a spherically symmetric source. Since 8, does not appear in

the first order of approximation, if we assume that 8,=AG M?/(2c*), then

it is acceptable for analyzing the experiment. Therefore, equation (53) is
the solution of the equation

0A,, 94, 47Gp,

V?A,,+A 57— Nuo (55)
ax;  9x; c
where

-1 0 0 0

0 -1 0 0
N,, = 56
il 0 0 -1 0 (36)

O 0 01

Using the Lorentz transformation in equation (55), we get the equations of
gravitational fields due to a moving source,

9A,, . 3A,,0A,, —47G, 2
+A - 77-2 Po (6V0'+—c—2_ UVU0'>

(57)
X 0% Xy 0Xg c

or

PA,, 4 A 9Auy 53_»_0( A L aA,,,a> _ =87Gp, U, U,

3X; 3%, 8X; 3%, 2 \ax, dx; dX; O, ct

(58)



Special Relativistic Gravitational Theory 591

If the observation of planetary motion indicates that A =0, then the non-
linear equation (58) reduces to the linear equation
62Ava' 3110' azAaa _STTGPOUVUU'

= 59
a.X§ (9X§ 2 8x§ 8x§ C4 ( )

4.4.2. The Revision of the Second Hypothesis in Terms of the
Experimental Data for r <1000 m

Stacey et al. suggest that we have reason to believe that the gravitational
potential is

-GM
Ve—-—(1+ae ") (60)
r

From this point of view, the second hypothesis of the gravitational theory
can be revised: the potential tensor due to a sphere is

A=A+ AR (61)
where A') has the form of equation (53), and

-aGM _,
Aﬁ)=—cz—r—e & (62)

This equation is the solution of

—87BGp
VAR +uAR =—5—

(63)

in the case that the source is a sphere, where 8 can be determined from
the experimental value a,

B =3apR” exp(—V/=p R) (64)

The additional Yukawa potential in equation (60) is only relative to A% .
In order to establish the equations of the additional tensor potential field,
it is necessary to obtain the other A2 from experiments. However, the
following equation is a possible form:

ﬁ_(v_%f)_+ A(Z):877_Gp0

O
axg axf c4 (Bl vo B2UVUG') (65)

where B,, B, are constants determined by experiment.

This brief discussion has shown that even if the “short-range force” is
further confirmed by experiment, this would not cause undue problems for
the special relativistic gravitational theory.
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5. THE EQUATIONS OF ELECTROMAGNETIC WAVES IN
GRAVITATIONAL FIELDS AND THEIR SOLUTIONS

5.1. The Equations of Electromagnetic Wave in Gravitational Fields
We can prove that equation (21) has the form

oT,,

va'r Tarr (66)
ax,

in the case of a continuous medium, where T,, is the stress-energy-
momentum tensor of the medium. Since the electromagnetic wave has its
own energy, momentum, and mass, it is also acted upon by gravitational
fields. As mentioned above, since equation (21) is correct whether m,=0
or not, then equation (66) is also correct for electromagnetic waves. In this
case, we can write

o (FFoo =30 FsuFog) = HuurFuFoy~10u,FsaFog)  (67)
where F,, is the electromagnetic field-strength tensor defined by (12) (the
symbol H,,, is changed to F,, here). Obviously, the equations of electromag-
netic waves in gravitational fields have the form that the left-hand side of
the equation is a partial differential of F,,, and the right-hand side of the
equation is the product of the H,,,, with F,,. In the case of H,,,,~ 0, this
set of equations tends to Maxwell’s equations. So the left-hand sides of the
equations of electromagnetic waves have a similar structure to Maxwell’s
equations. They contain two subsets, the vector 9F,,/dx, and the third-rank
tensor 9F,,/dx, +3F,,/0x, +dF,,/0x,. At the same time, the right-hand
sides of the equations must be a vector and a tensor of rank three correspond-
ingly. The tensor of rank three is invariant under the cyclical permutation
of (u, v, A). Thus, the equations of electromagnetic waves have the form

oF

axM: a\H,p, Fp, +a,Hg, . Fp, (68)

8FM,,+6F,,,\+8FAH
ox,

ax, 9x,
= bl(praFa/\ + Hv/\aFay. + HA,u,aFaV)
+ bZ(Ha,u.vFa)\ +HaVAFa/J. + Ha Fav)

+b3(H,uaaF1/)\+HVaaF)\/.L+H/\aaFy.u) (69)

Ap

We should choose two sets of suitable coefficients a; and b; in such a way
that (67) could be derived from (68) and (69). For this purpose, we have
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a,=b;=1/2, a;=—b,=2/3, and b; = —4/3. Using the notation in (12), we
can rewrite (69) as

E
c2<VxB—c2%)=—;(BxE<G)+B-%+%-B)
1
+z[E-g’—%ESp(§/‘)—%ExB(G)]
2 OB 1 (G)
c VXE+:9-I‘ =—3(EXE“+E-Z+R-E)
—c[B- P —1Sp(P)B-iBxB] (70)
2
c2V-B=%B'(L—E‘G))—3—E-B(G)
[
2 _1 (G4 2€ (G
¢*V-E=1E-(L-E )+?B'B

where E;, B; are the electromagnetic field strengths, E{9 B9 L, P, and
R, are the gravitational field strengths, and

L; = g3 Ry, Sp(P)=pi1+ P22t P33 (71)
This set of equations is invariant under the following transformation:
E; > cB,, ¢B;~ —E; (72)

5.2. The Propagation of Electromagnetic Waves in the Gravitational Fields
Due to a Static Sphere

Using equations (31) and (36) and taking the center of the sphere as
the origin of coordinates, we can rewrite (70) as

(73)
d¢, _1d¢ F=
{V+(dr 2dr)e,] E=0

dg, 1de\ | o
[v+(dr 2dr>e':| B=0

If the electromagnetic wave is a cylindrical wave,

3E; aB;
=0, = (74)
0z
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then, on the z =0 plane, (73) is split into two sets. One set is

IE_ o2, 1dE28)
ot ay 2dr r

Lo LdexE)
ot ax 2dr r

at  dx gy 2dr r

9E, oE dé, 1 d§) xE,.+yE
e e el B et | 7
ox 3y (dr 2 dr (75)

Another set can be obtained from the transformation
E,. - c¢B,, E,->cB,, ¢B,-> —E,

In these two sets of equations, B is perpendicular to E.
Suppose that the phase of the electromagnetic wave is 8 and the
amplitudes of E,, E, and B, are a,, a,, and b, respectively; then

E. = a, exp(id), E, = a, exp(id), B, = b exp(id) (76)

The situation differs from that of electromagnetic waves not in a gravitational
field, in that all the amplitudes and k., k,, @ are functions of r, where

L) 36 36
k., =— k,=—, w=— (77)
ay at

Substituting (76) into (75), we obtain a set of complex equations, the
imaginary part of which is

wa, = c’bk,, —wa, = c’bk, 78)
wb=ak,—a,k,, ka.+ka,=0
The conclusions of (78) are as follows.
1. We have
ait+ai=cb’, or [E|=c|B| (79)

and in the general case, B is perpendicular to E.
2. k=(k,, k,), where k is perpendicular to E and B.
3. w”=c’k?, where the phase velocity of light is c.
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Moreover, the real part of this set of complex equations is

9b_ ldgyb  9b_ 1dixb

= —= 80
3y 2dr r’ 6x  2drr (80)
a_aéf_% 1£l_§xay_yax=0 (81)
ax dy 2dr r
%+a_az+(£é_ld_f> xatyay_
ax 3y dr 2dr r
if da./9t =da,/dt =3b/3t =0. Therefore, we have
b= by exp{3[ £(ro) — £(r)]} (82)
Then the energy density of electromagnetic waves is
w = wo exp[£(ro) — &(r)] (83)
We consider that (83) is just (46), so we get the formula of the redshift
immediately.

Now, we assume that at the point (r, ¢) on the Oxy plane, the angle
of k with the Ox axis is 7/2+ 0; then we have

a sin(6 —¢)

rde  cos(8—¢) (84)
and the equation
d 0—
0 _(d_do)sost0 ) )
dr dr dr/ sin(8—¢)
can be derived from (81). Thus, we get
(f’ﬂ)z—i{l—z[a )= L)1+ }=p (36)
i) K p)—&ip P

where p=r"". Finally, due to equation (86), we obtain equation (50),

namely, the formula of the deflection of light. Therefore, the consequence
is that the redshift and the angle of light deflection derived from (70) and
(73) are the same as those from (37) and (38).

6. EXPERIMENT CAN TEST THE EQUIVALENCE PRINCIPLE
OF GENERAL RELATIVITY

As mentioned above, we cannot affirm which is correct, general relativ-
ity or the special relativistic gravitational theory, based on the experiments
on the redshift, the deflection of light, and the planetary perihelion shift.
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However, if A#0 is found in the observation of the perihelion shift, this
will cause a problem for general relativity. On the other hand, if the existence
of a “short-range force” is confirmed by experiment, then it will support
the special relativistic gravitational theory. However, we hope to determine
which of these two theories is true directly from a new experiment.

Consider the case that there is only the E{“’ component in the gravita-
tional field; then

F, = mE® (87)

No matter what mass and velocity the particles have, they have the same
acceleration. Hence, there is an accelerative frame in which all particles are
in inertial motion. This is the case which general relativity discusses. In the
case that there is only a B{“) component in the gravitational field, the
gravitational force of (21) is

F,=muxB'%/¢c (88)

If two particles with the same mass pass through a gravitational field along
the x and y axes, respectively, then the directions of the gravitational force
exerted on both particles are along the —y and x axes. It is clear that we
cannot find an accelerative frame such that all particles are in inertial
motion. If this phenomenon is observed in experiment, then the equivalern.e
principle of general relativity is wrong.

The property of F, of (88) is similar to that of the magnetic force. On
the other hand, since both the gravitational B'“’ field and the magnetic field
are due to a moving field source, these two fields are analogous. The special
relativistic gravitational theory predicts that there is only a B'“’ field in the
system of Figure 1 with two rings revolving around their common axis.
From (59), we have

—6GM,yy*vR

B Z—c(R2+ 577 (89)

Fig. 1
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and all other field strengths are zero at both ring centers, where M,, R, and
V are the mass, radius, and velocity of revolution of the rings, respectively,
and 2b is the distance between the two ring centers. As mentioned above,
B®xv/c and F,x (u/c)B° cos a; this is the main reason we have not
observed the effect of F, in investigations.

While Weinberg also discussed the problem of the tenability of the
principle of equivalence, the difference between his discussion and that
introduced above should be apparent.

In conclusion, the experimental results are more favorable to the special
relativistic gravitational theory than to general relativity. Still, new experi-
ments are needed to test which theory is correct.
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