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Abstract

It is shown that, just as the gravitational red shifts, the bending of light-rays can be considered as a consequence of the equiva-
lence principle. This is achieved by deriving the Maxwell-Newton Approximation for massive matter from the equivalence prin-
ciple together with related physical requirements such as special relativity and Newton’s theory as a first approximation of the
time-time component of the space-time metric, and thus beyond Schiff’s approach. This first order approximation of the space-
time metric, which is covariant with respect to the Lorentz transformation, is the foundation of Einstein’s radiation formula that is
supported by the Hulse-Taylor experiments on the binary pulsars. Concurrently, it is shown that the Maxwell-Newton Approxi-
mation is generally a first order approximation of an Einstein equation that is compatible with the 1995 update equation. Thus,
although the 1915 Einstein equation, which is compatible with the Maxwell-Newton Approximation for a static problem, has no
physical solution for a dynamic situation, general relativity remains a viable theory. Moreover, since the Maxwell-Newton Ap-

proximation is derived from general physical considerations, further confirmation by Stanford Gravity Probe-B is expected.
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1. Introduction

Einstein [1,2] proposed three testable consequences of general relativity, namely: a) the gravitational red shifts; b) bending of
light-rays; ¢) the perihelion of Mercury. The perihelion of Mercury is not a prediction but a confirmation because the perihelion
had been known from observations. The prediction of gravitational red shifts is directly related to Einstein's equivalence principle
only, but not his field equation. However, the bending of light-rays was considered as a confirmation of Einstein's field equation
because this calculation used a space-time metric obtained from the Einstein equation.

In 1911, Einstein [3] failed to show that the equivalence principle is sufficient to derive the right amount of light bending. Re-
cently, Moreau et al. [4] interpret this as "the failure of the equivalence principle to fully account for the total deflection of elec-
tromagnetic waves in the sun's gravitational field." They believe that "the total rate of deflection includes the effect of spacetime
curvature”. It seems, their interpretation is due to carelessness and negligence the details of Einstein's work. As Eddington [5,6]
observed, that few understand general relativity, in particular Einstein's equivalence principle, adequately.

Einstein [1,2] has made clear that the deflection rate of light depends on the first order derivatives of the metric elements. On
the other hand, the spacetime curvature depends on the second order derivatives [2]. Both the Ricci spacetime curvatures of the
Schwarzschild metric and the flat metric of special relativity, are zero in vacuum. However, the curvature of Einstein's approxi-
mate metric is not zero, but the derived bending rate is essentially identical to the bending rate due to the Schwarzschild metric
[7]. These all show that the deflection rate is not directly related to the spacetime curvature (see also Section 3).

Thus, such an interpretation of light bending is clearly incorrect. In 1915 Einstein [1,2] has already made clear that it is neces-
sary to use the equivalence principle to calculate the deflection rate. From Einstein's calculation [2], the 1911 failure is only on
accounting for the full effects of the equivalence principle V. It will be shown that the bending of light-rays can be considered as a
consequence of the equivalence principle, just as the gravitational red shift is currently considered.

In this paper, it will be shown that the equation of "linearized gravity" can actually be considered as a direct consequence of
the equivalence principle (Section 4). Moreover, this derivation is independence of the 1915 Einstein equation and the linearized
harmonic gauge condition, and thus beyond Schiff’s approach (see § 5). Such an independency is necessary because the 1915
Einstein equation has been found incompatible with the weak field equation for a dygamic situation [8]. In addition, this inde-
pendency is consistent with the fact that a physical gauge is unique for a given frame of reference. The resulting equation is called
the Maxwell-Newton Approximation because this is a set of equations similar to Maxwell’s and is based on Newton’s theory as a
first order approximation, and thus this set of equations may not be valid if the source is not massive maiter. To this end, let us

first discuss the relationship between Einstein equation and the weak field equation obtained by linearization.
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2. The Questions of Linearized Gravity for Weak Gravitation

In physics, a solution of a field equation for an isolated physical system should be finite and bounded ? in amplitude although
the non-zero domain of the field may not be bounded. For instance, a reason is that the field energy density is usually associated
with to the amplitude of the field. For a weak source of gravity, as suggested by Einstein [1,2], general relativity is not an excep-
tion. The principle of causality” [9,10] requires that a weak source should produce weak gravity and therefore a bounded (in am-
plitude) metric. Mathematically, however, one does not know whether there is any solution of weak gravity for a weak source
because the non-linear field equation may not be valid. Although the Einstein equation has bounded static solutions, it may not
have bounded (in amplitude) dynamic solutions since there is no bounded (in amplitude) plane-wave solution [10].

For weak gravity, the terms in the Ricci curvature tensor would have a definite order of deviations from the flat metric 1,

Linearized gravity is based on the assumption that higher order terms are negligible when compare with the sum of the first order
terms. Thus, even the solution is bounded and weak, the linearized field equation may not relate to such an approximation at all
[11]. For a nonlinear differential equation, the second order terms can play a decisive physical role [8]. If the solution is not
bounded, then it is meaningless to consider the order of deviations and the scheme of linearization breaks down completely.

Thus, to see the validity of this ordering scheme, it is extremely important to check whether the resulting linear field equation
is compatible with the Einstein equation. If they are incompatible, this means at least one of the equations is invalid. Based on
existing evidences, this can be the linearized equation or the Einstein equation [8,11].

To discuss linearized gravity and related problems, it would be useful to outline the linearization steps:

1) The non-linear Einstein's field equation of 1915 version [1,2] is
GabERab”VzRgabz‘KT(m)ab (la)

where its source T(m) ,, is the energy-stress tensor for massive matter and can depend on the space-time metric g ,p and R  is
the Ricci curvature tensor. Note that for G, (a = X, y, z, t), there is no second order time derivative [7,12]. Thus, for eq. (1a), the
initial condition of a Cauchy problem is restricted by four constraints. Also, the source has been formally extended to a general
energy-stress tensor T, [13].

Due to a certain freedom of choice of coordinates, a gauge condition must be added. The harmonic gauge condition is

0
axd

(Ig/'"2g2b) =0 (1b)
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where g is the determinant of metric g;. Note that Eddington [6] rejected the notion of an arbitrary gauge, which can lead to the

acceptance of unphysical solutions [9,14,15] and a violation of the equivalence principle?).
2) Linearized gravity is a result of neglecting all terms of explicit second order of deviations—a problematic approach since a

first order term can be zero in a finite region [8]. Then, eq. (1a) and eq. (1b) are respectively linearized to be

1 _
G(Dgp =K Tgp, where Gy, = Ggp — Gy, = 70:7 ab* HDyp, (2a)

where
1 _ — ! 7
HDgb = -3 0(0b 7 ag *+ 97 bol + T Mab®97 o,

and

&7 ae=0, (2b)

_ 1
where ¥ 5 = Yab - 3 qab(nCd Ycd) and Yab = Zab - Mab - Validity of (2b) was implicitly questioned by Einstein [2].

3) The gauge (2b) implies that H (1) ab = 0 and that eq. (2a) is reduced to (see also [6] & [8])

1 _
7097 ab=-KTap, (3a)

Eq. (3a) is the well-known linearized field equation, whose structure is similar to that of Maxwell's equation. Thus, its Cauchy
initial condition can be arbitrary. This manifests that eq. (3a) and eq. (1a) may not be compatible for dynamic problems.

An implicit assumption is the existence of bounded solution for weak gravity. This is a common implicit assumption in phys-
ics, and is generally true for a linear equation. However, for a non-linear equation, this assumption must be verified. For the case
of static field, this assumption is valid as shown by the harmonic solution and the isotropic solution {7]. However, for a dynamic
case, such an assumption is incorrect [8]. This is also the reason that no bounded dynamic solution has ever been found.

An inhomogeneous solution of eq. (3a) is

_ . K 1 . ..
7 apCd ) =- 5;! = Tably, (t-R)]d3y, where RZ2 = (xd-yh)2, (3b)

i=]

Solution (3b) can reproduce Newtonian gravity.
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In linearized gravity, there are two independent equations namely: the linear field equation (3a) and the linearized gauge con-

dition (2b). It should be noted that, however, these equations together require

AT, =0, “)

the linearized conservation law that implies no radiation [16,17]. Since eq. (4) was used in deriving Einstein's radiation formula,

there is an apparent inconsistency. But, one can use the conservation law,

VaTab = 8aTab + I‘acach - rcbaTaC =0 5)

instead of eq. (4). However, since eq. (2a) directly implies eq. (4), there is little hope that Einstein's radiation formula can be jus-

tified with linearized gravity. Also, when the source is not a massive energy tensor [18], eq. (3a) may be incompatible with weak
gravity. However, since egs. (3a) and (5) imply H(1)_, is of the second order [6], one might hope that eq. (3a) would give the first

order approximation of eq. (1a). But, eq. (3a) has been proven to be not a dynamic approximation [8] for eq. (1a).

This incompatibility means that eq. (1a) is invalid for dynamic problems if eq. (3a) is a first order approximation. But, eq. (3a)
is supported by all observations [8,19]. On the other hand, validity of eq. (1) for a dynamic situation has been questioned by Gull-
strand [20,21] as early as 1921. Also, from studying the gravity of electromagnetic waves that Einstein equation must be modified
because of the necessity of having an anti-gravity coupling to accommodate the gravitational wave [18].

Historically, Fock [22] pointed out that, for harmonic coordinates, there are divergent logarithmic deviations from expected
linearized behavior of the radiation. But, since some vacuum solutions are not logarithmic divergent [23], Fock's result was re-
garded as merely due to the method used. However, the correct interpretation should be that eq. (1) has no bounded dynamic so-
lutions [8]. In 1936 Einstein and Rosen [24,25] are the first to discover the excluding of the gravitational wave solution. How-
ever, this was not generally accepted because unbounded "time-dependent” solutions unrelated to a dynamic source, had been
considered as valid in physics because the principle of causality [18] was not recognized. In concord with Einstein et al., it was
proven in 1991 [9,26] that there is no bounded gravitational plane-wave solution.

Moreover, Hu, Zhang & Ding [12] found that a perturbative calculation on radiation depends on the approach chosen.
Mathematically, this manifests that such a dynamic solution is unbounded. Also, the post-Newtonian approaches (1/c-expansions)
are fraught with serious internal consistency problems [27] because they often lead, in higher approximations, to divergent inte-

grals. Being an extension of the linearization, the post-Minkowskian approach (K-expansions) has logarithmic divergence.
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Nevertheless, this incompatibility may mean, as Einstein [2] remarked, only that the source of eq. (1a) is subjected to modifi-
cation. Although Einstein has claimed that his theory is logically complete [21], Klein [28] pointed out that there is no satisfac-
tory proof of rigorous validity of eq. (1a). Also, gauge eq. (2b) is not an integral part of general relativity [6,15] since Newton's
theory was derived with just static weak gravity. Hogarth [29] conjectured that the source tensor should be non-zero in vacuum

to account for gravitational radiation. In other words, general relativity would still be valid (see Section 4).

3. Implicit Assumptions in Deriving the Gravitational Red Shifts and the Bending of Light.

Based on eq. (3) and that the static massive energy-stress tensor T(m),y, ,
T@m)y=0c and T(m) 45 = 0 otherwise, (6a)
where o is the mass density, Einstein obtained the static spacetime metric,

2 ‘K g K o 2
ds —c2(l-Z;jdVO}—)dtz-(l-Fh—;deo—k—)(dx +dy? + dz2), (6b)

If Einstein’s equivalence principle is valid, under the influence of only gravity, for an observer P at point (x, y, 2, t) with an arbi-

trary velocity v, there is a co-moving local Minkowski coordinate system (X, Y, Z, T) 3,

ds? = 2dT2 - dx2 - dy2 - dZ2. Q)

Consider the case of v = 0, then for observer P one has

K o
2 2: JR—— — . 8a
2dT? = 2(1 4”IdV0r)dt2, (8a)
and thus

@2 +av2 +az) =1+ o[ ary Tyl + ay? + e, (8b)

It follows from eq. (8a), the red shift for a frequency, which would have been v( in a Minkowski space

K o
v=volggp!2 = vo(l - Z}'I av,— (%a)

and
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at K

ag
L=Z=el-=fay, =), where  d¢? = (dx? + dy? + dz2), (9b)

is the light speed of the space at (X, y, z, t) since (dX2 + dY2 + dZ2)/dT2 = ¢2.

If we imagine the sun, of mass M, concentrated at the origin of our system of coordinates, then a ray of light, traveling parallel
to the x3-axis, in the x)-x3 plane, at a distance A from the origin, will be deflected, in all by an amount [1,2]
oL KM

oy = — (99

4o
a=| —
_LL : 27A

where M = j' odV, (see also Appendix). Thus, the red shifts, the light speeds, and the light deflection are consequences eq. (3). It

should be noted that A is also measured “in the sense of Euclidean geometry [1].” In fact, all his predictions are expressed in the
sense of Euclidean geometry. This is due to that Einstein’s Riemannian space necessarily has a Euclidean-like structure.

To understand the Euclidean-like structure, we must first clarify what “measure” means in relation to Einstein’s equivalence
principle. In Einstein’s theory, the measuring instruments are resting but in a free fall state [1,2]. From Einstein’s equivalence
principle, time dilation and space contraction are obtained. Based on such measurements, Einstein believed, “In the general the-
ory of relativity, space and time cannot be defined in such a way that differences of the spatial coordinates can be directly meas-
ured by the unit measuring-rod, or differences in the time coordinates by a standard clock”. However, if the measuring instru-
ments are attached to the frame of reference, since the measuring instruments and the coordinates being measured are under the
same influence of gravity, a Euclidean-like structure emerges as if gravity did not exist. From metric (6), it is clear that this opera-
tional defined Euclidean-like structure is a necessary complimentary structure of Einstein’s physical space. In other words, the
physical meaning of space-time coordinates has already been provided in the theoretical framework of general relativity.

On the other hand, eq. (9a) has been accurately approximated from the equivalence principle with Newtonian gravity [3]. An
implicit assumption is that the Newtonian potential provides a first order approximation of the exact g ; In other words; the Pois-
son equation would give a first order approximation. It will be shown in next Section that this assumption together with special
relativity and the equivalence principle would lead to eq. (3), and this is independent of the Einstein equation (1a). Then, eq. (9b)
and therefore (9¢) can also be considered as directly from the equivalence principle.

Some theorists considered Einstein’s equivalence Principle as non-essential since his predictions can be obtained without its
explicit usage [7]. Another problem is that the same predictions can be obtained from different metrics such as the Schwarzschild

solution and the harmonic solution [30]. Currently, this fact is considered as due to the gauge invariance. However, this is incor-
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rect since the second order effect of gravitational red shifts is different from these metrics. This would means that Einstein’s
equivalence principle is needed to find out the realistic metric from those that can pass the four standard tests [7,19].

A realistic gauge is unique for a given frame because the time dilation and space contractions are measurable according to
equations (7) and (8). Therefore, there must be some ways to identify the correct solution although the precise methods are not
yet known. (Note also that the criticisms of Whitehead [31] to Einstein’s understanding are actually not valid for general relativ-
ity.) Since the Maxwell-Newton Approximation can be derived independent of the harmonic gauge condition, it is a new criterion

for selecting a physically valid metric for the case of static gravity due to a spherical symmetric massive source.

4. The Equivalence Principle, the Maxwell-Newton Approximation, and the Field Equation

Moreover, there is a need to build solution (6b) on a solid foundation. First, the bending of light is only approximately a static
problem. Second, since eq. (1a) has no bounded dynamic solutions, it is incompatible with the principle of causality, which re-
quires the existence of a solution for weak gravity. Since linear eq. (3a) is supported by experiments, to reaffirm the validity of
general relativity, one must show that eq. (3a) is compatible with the theoretical framework of relativity. This need is independent
of whether eq. (3a) is an approximation of a modified Einstein equation.

In general relativity [2], there are three basic assumptions namely: 1) the principle of equivalence; 2) the principle of covari-
ance; (Note, as rectified by Lo [15] that covariance, in accord with Einstein [2], is restricted to space-time coordinate systems
which are compatible with the equivalence principle. Although a tensor equation is mathematically covariant, a tensor equation
alone has no meaning in physics unless the space-time coordinates are valid in physics.) and 3) the field equation whose source
can be modified. Thus, it is possible that eq. (3a) can be an approximation of a modified Einstein equation.

It will be shown first that eq. (3a) is compatible with the other two assumptions. Note that eq. (3a) is invariant with respect to
the Lorentz transformations. Moreover, solution (3b) implies that eq. (3a) is compatible with the principle of causallity and Ein-
stein's notion of weak gravity. Thus, eq. (3a) as an approximation for the specified coordinate system is compatible with the re-
quirement of covariance. It remains to show that eq. (3a) is compatible with the equivalence principle.

The equivalence principle implies that the geodesic equation,

2. u a .. B
d ™ dx

. +r# g———— =0, (10a)
dgz

ds ds

where

v _ K,V
F/‘aﬁ=(c?agvﬁ+é7ﬁgva—é’vgaﬂ)g‘u /2, and ds —gﬂvdx . (10b)
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is the equation of motion for a neutral particle. In comparison with Newtonian theory, one obtains [1,2] that

q)zczgooll (Il)

Since the gravitational potential @ satisfies the Poisson equation A® = 4nkp, according to the correspondence principle, one has
the field equation, Ag;( » 8mk c=2 Too, where T = p, the mass density and « is the coupling constant.

Then, according to special relativity and the Lorentz invariance, one has

1 1
N 3c0 “gab = 5 30 “Yap = “4“K°-2[0T(m)ab + BZ(mngp], (12a)
where

Z(m) = n%T(m)q, a+B =1, (12b)

a and B are constants, and T(m),,, is for massive matter. Eq. (12) is a field equation for the first order approximation (as as-
sumed) for weak gravity of moving particles. An implicit condition is that the flat metric 14}, is the asymptotic limit at infinity.
To have the exact equation, since the left hand side of eq. (12a) does not satisfy the covariance principle, one must search for a

tensor whose difference from 8,0%,1/2 is of second order in kc™2.

In Riemannian geometry, it has been proven [7] that the curvature tensor "Rxpwc is the only tensor that can be constructed
from the metric tensor and its first and second derivatives, and is linear in the second derivatives." Thus, Einstein identified the
Ricci curvature tensor R, (= R* aAb) as the required tensor; and if Rgp, includes no first order term other than 6.0°44/2, the

exact field equation would be

Ryp = XPyy, - dnxc? [o T(m)yp, + B T(m)ggp], where T(m) = g%4T(m) q (13a)

is the trace of T(m)yy, , Xy, is a second order unknown tensor chosen by Einstein to be zero. However, a non-zero X, may

be needed to ensure eq. (12) as an approximation of eq. (13a) [8].

Now, let us examine Ry, further whether the above physical requirement can be valid. Let us decompose

Ryp =R p + R (14a)

where
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a . L 1 o 1
R%ab ’;acac Tab “'2'5 [OpYac + OaYbel + ;aaab"{ , (14b)

and R@,, consists of higher order terms. To be compatible with the requirement that eq. (12) provides the first order approxima-

tion, the sum of other linear terms must be of second order. This is feasible because a second order term can be obtained by a

suitable linear combination of &y, and dyy. From eq. (12a), one obtains

9.0 (0 Ygp) = ~ 81Kc-2{aPPT(m)yp, + POHZ(m)] . (152)
It is clear that 4nkc™20%T(m),y, is of second order but 4nkc 23,Z(m) is not. Now, from (15a), one obtains

1

'; 606° (aayab + Caby) = —dnkc 2 [a[:’ﬂT(m)ab +(B+4Cp + Ca)@bZ(m)] (15b)
it follows eq. (14b) and eq. (12b) that, for the other terms to be of second order, one must have

B+4CB+Ca=0, 2C+1=0, and a+B=1. (15¢)

The solution of eq. (15¢) is C =-1/2, a =2, and B = -1. Thus,

1 1
" 0o0%ap = —8mkc [ T(m)yp, + " Z(m)Mgp] - (12¢)

for the first order approximation, is determined to be the field equation of massive matter. Eq. (12c) is independent of the exact

form of the unknown second order term X(@ ;. Then, it is possible to obtain from eq. (13a) an equation different from eq. (1a),

1
Gab = Rap = gabR = KITm)gp - YP,u1 K = 8nkc™2 (13b)
where

1
KY(I)ab = x(z)ab - 'z'g ab{ X(z)cd ng},

is of second order. The conservation law V°T(m)}, = 0 and VG, = 0 implies also

vayW, =0. (13¢)

10
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Ymab has been proven as the gravitational energy tensor of 1(2),p, although its exact form is not clear [8].
Note that Einstein obtained the same values for a and B by considering eq. (13a) after assuming X(2)ab = 0. An advantage of

the approach of considering eq. (12) and eq. (14) is that the assumption X, = 0 is not needed. The anti-gravity coupling of
t(g),p, is due to the radiation formula [8] and explains the failure of eq. (1a). Note that the existence of such an anti-gravity cou-

pling implies that the energy conditions of the singularity theorems [32], is unrealistic.

In short, the field equation of first order approximation is eq. (3a) if the source is restricted to massive matter. This means

i —
Py 0. 7 ab = -KT(m)yy, . (12d)

An implicit condition is that the flat metric n,y, is the asymptotic limit. However, the problematic gauge (2b) is not used even just

formally. The solution of eq. (12) is compatible with the equivaience principle as demonstrated by Einstein [2] in his calculation
of the bending of light. Thus, eq. (12) is compatible with eq. (6), and the derivation is self-consistent. Moreover, since this deriva-
tion of (12) is independent of the harmonic gauge, this approximation is a criterion that all the static solution must be satisfied.
Accordingly, the long-standing Schwarzschild solution is unfortunately rejected as a physically valid solution.

One might argue that Einstein equation (1a) could be "derived" from a linear equation more general than eq. (12a), if one
regards the gravitational field as a spin 2 field coupled to the energy tensor [19,33]. However, such a "pure” theoretical approach
is not really consistent with Newton's theory and related observations because Newton's theory is not gauge invariant. More
important, in such a "proof™, the existence of bounded dynamic solutions for eq. (1a) must be invalidly assumed.

While gravitational red shifts support any eq. (12a), the bending of light supports only eq. (12¢). Thus, this choice can be con-
sidered as required also by observations. One may object this on the ground that an unverified assumption that the gravitational
effect due to light is negligible has been used in the calculation. Nevertheless, such an assumption can be considered as justified
from observation. In fact, the theoretical justification of this negligence has been proven to be valid [18]. Since eq. (12) as a first
order approximation is proven on the basis of the equivalence principle, the experimental supports of this equation are verifica-
tions of this principle. Now, it is clear that general relativity can be derived logically, in spite of Klein's [28] criticism.

Note that eq. (12) need not be valid if the source is not massive [9:10]. On the other hand, theoretical consistency requires the
source of eq. (13) must be extended to include the energy-stress tensor of electromagnetism [3]. Since the source of eq. (12) is

limited to massive energy-stress tensor, it is more appropriate to call eq. (12) as the Maxwell-Newton Approximation [8].

11
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S. Comments on Comparison with SchifPs Approach

In 1960, Schiff [33], based on also the equivalence principle and special relativity, concluded that it is actually possible to
obtain the light deflection, as well as the red shift, in a valid manner without using the full theory. To avoid confusion among
some readers, perhaps it is necessary to clarify the differences from Schiff's approach.

Schiff’s approach utilized the time dilation and spatial contraction in special relativity. Since spatial contraction in special
relativity is one dimensional, his method cannot handle a multi-dimensional contraction, which solution (6a) represents. Essen-
tially, Schiff’s work is a reinterpretation of the Schwarzschild solution, which has only a one-dimensional spatial contraction.
Consequently, Schiff’s result has not reached the level of a field equation for a first order approximation. Moreover, since
Schiff’s extension was based on the source less cases, it needs not be valid for gravity with a source. This derivation of the Max-
well-Newton Approximation shows that Schiff’s extension is actually not generally valid.

Schiff’s objective is on experimental tests of a static case of the general theory of relativity because he did not know that the
1915 Einstein equation does not have a dynamic solution [8]. He also was unaware of that a physical gauge is unique for a given
frame. On the other hand, in order to interpret the binary pulse experiments [8], our objective is to justify the Einstein equation of
1995 update and in particular the related Einstein radiation formula, and thus general relativity is still a viable theory.

To this end, one must justify a first order approximation, which is covariant with respect to the Lorentz transformation, be-
cause Einstein’s radiation formula must deal with particles with changing speeds. Because the geodesic equation is considered,
we actually use the infinitesimal version of Einstein’s equivalence principle [1,2]. Consequently, our results are far richer than
Schiff’s, and include exposing the shortcoming of Einstein’s derivation of his equation. Not only the field equation for such a first
order approximation is obtained, but also it has been shown that the 1995 update equation is completely justified within the theo-

retical framework of general relativity.

6. Discussions and Conclusions

The starting point of this analysis is to see the full effects of the equivalence principle in connection with the bending of light-
rays. Another problem is that since the 1915 Einstein equation (1a) does not have bounded dynamic solutions, one cannot assume
that the Einstein equation gives a solution at the static limit. In other words, Gulistrand's criticism [20] on the calculation of Mer-
cury perihelion turns out to be completely justified. Therefore, it is not clear whether the linearized equation (3a), is compatible
with general relativity. Furthermore, since this linear equation, as a first order approximation is supported by experiments, it is

not clear that general relativity is still a viable theory. In fact, some believe that general relativity is not valid [35].

12
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Based on Einstein’s equivalence principle, we obtain the Maxwell-Newton Approximation eq. (12) within the theoretical
framework that leads to general relativity, and thus show that the bending of light-rays, just as the gravitational shifts, is a conse-
quence of the equivalence principle. Moreover, general relativity has been proven remaining a viable theory since the Maxwell-
Newton Approximation can be derived from the theoretical framework of general relativity. Concurrently, it is shown that the
Maxwell-Newton approximation is a first order approximation of the 1995 Einstein equation update (13), and therefore a modifi-
cation of Einstein equation is justified within general relativity although the exact form remains to be clarified.

Moreover, eq. (12) and the update eq. (13) are compatible with the principle of causality, and the fact that gravitational waves
carry energy. Physically, this explains why eq. (1a) is dynamically incompatible with the notion of weak gravity, and cannot have
a dynamic solution. These two equations form the basis of Einstein's radiation formula, which requires a dynamic solution of the
first order [8]. However, the question of a dynamic Einstein equation to justify the calculation for the perihelion of Mercury re-
mains unsolved because the second order terms of a dynamic spacetime metric are required.

Nevertheless, some difficult theoretical problems have been solved. For instance, although eq. (3a) as a first order approxima-
tion is supported by all experiments so far, validity of eq. (3a) may still be questioned. Some considered [12] the wave compo-
nent in g, (for a = x, y, z, or t) as artificially induced by the harmonic gauge since eq. (3a) can be incompatible with eq. (1a).
Now, eq. (12) for weak gravity is justified independently by physical principles that lead to general relativity. Thus it is on the
most solid theoretical ground possible within the theoretical framework of general relativity. No longer anyone can maintain the
hope that eq. (1a) may have a dynamic solution.

In spite of these, Christodoulou and Klainerman [36] claimed to have constructed bounded gravitational (unverified) waves. In
addition to their claims being obviously incompatible with the findings of others, as Perlick [37] pointed out, validity of their
mathematics is dubious. Further investigation shows that their proofs are mathematically incomplete and therefore invalid [38].
Furthermore, their presumed initial conditions are incompatible with Einstein’s radiation formula and are unrelated to dynamic
sources. In short, they simply have mistaken an invalid assumption (which does not satisfy physical requirements) as a wave.

Thus, assuming the existence of bounded dynamic solutions for eq. (1a), though prevailing [39-41], is actually invalid. Fur-
thermore, the derivation of the Einstein field equation is intimately related to experiments, and one no longer can maintain an
illusion that general relativity is a consequence of pure thought. On the other hand, Klein's criticism [28] on a lack of satisfactory
proof is no longer valid. Also, this theoretical development would be devastating to the viewpoint [19,30,42] that accepted Ein-

stein’s equation but rejected Einstein’s principles. It is hoped that those theorists can ® adjust to the new reality.
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There are differences between eq. (12) and eq. (13). Eq. (13), which includes implicitly the equation of motion for particles,
describes the interaction between gravity and matter. However, eq. (12) provides only an approximate influence of matter to the
gravitational field. There are important differences in physics between eq. (3a) and €q. (12) although they have the identical form
in mathematics. Eq. (12) is explicitly for a massive source only, but eq. (3a) is also not valid if the source is an electromagnetic
wave [9]. Whereas eq. (3a) is derived with a certain chosen gauge for eq. (la), eq. (12) is completely general. This is consistent
with the fact that a physical gauge is unique for a given frame. This generality has two important implications. 1) The Maxwell-
Newton Approximation eq. (12) will be further confirmed by the Gravity Probe-B gyroscopes experiment [43]. 2) The

Schwarzschild solution would also be rejected by this experiment.
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Appendix: The Deflection of Light and Theoretical Consistency in General Relativity

In the calculations of the star light bending, both wave and particle approaches [1,7] give the same deflection. This shows that
Huyghen's principle is compatible with Einstein's equivalence principle from which the null geodesic equation for a light is de-
rived. This manifests also that the particle-wave duality is not necessarily excluded from a classical theory. However, there are
theoretical problems to be settled due to the requirement of theoretical self-consistent.

Note that almost all authors consider the light as consisting of massless particles, photons, which obey the null geodesic equa-
tion [7,16,19,36]. But, Einstein {2] alone maintained the derivation of light bending through the Huyghen's principle, which is not
directly related to the motion of a particle (although he did adapt the method of calculating the perihelion advance by others.)
Perhaps, Einstein had already aware of the theoretical problem that the Einstein-Maxwell equations cannot produce the geodesic
equation for the light [ 18], although his field equation would include the equation of motion for massive matter.

A geodesic equation cannot be generated from the electromagnetic energy tensor, since it generates the Lorentz force. Never-
theless, if non-electromagnetic radiation is included in the light, its energy tensor can generate a geodesic equation. Thus, in gen-
eral relativity, the light bending by following a geodesic necessitates that the energy-stress tensor of light (i.e., the totality of re-

lated free radiations) must have a form, which is different from that of the electromagnetic energy tensor [18].
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Experimentally electromagnetic waves and photoné are inseparable although particles and waves are conceptually distinct
[44]. Quantum phenomena show conclusively that the light is distinct from Jjust a classical electromagnetic wave. On the other
hand, it has never been shown conclusively that the light is identical to an electromagnetic wave in Maxwell's theory. What has
been shown is only that the light is inseparably associated with an electromagnetic wave. Moreover, there is no physical principle,
which dictates that the distinction between the light and an electromagnetic wave is limited to quantum phenomena.

The bending of light is an example since it is independent of its frequency, this makes it possible to treat this problem classi-
cally that there are non-quantum aspects of the light, which are different from the classical electromagnetic wave. A distinct en-
ergy-stress tensor for photons would support that there are intrinsic connections between general relativity and quantum theory. In
spite of the fundamental differences, as Bohr [45] argued, there are possibly intrinsic connections among them. Note that both
theories have their foundations on different aspects of a common physical phenomenon — the velocity and quantum of light.

Moreover, an implicit assumption in calculating the light bending is that the gravity due to the light itself is negligible [2,7].
Although this is believable, to justify the calculation as a prediction of the theory, such an assumption must be proven self-
consistently within general relativity. On the other hand, if an electromagnetic wave and the related photons are distinct objects as
concluded, without a distinct photonic energy-stress tensor, one would encounter that Einstein's equation cannot have a physical
solution [9]. Therefore, the question of a distinct photonic energy-stress tensor is actually an integral part of general relativity
since the electromagnetic energy-stress tensor must be included in the source [32].

In short, it is necessary to have a distinct photonic energy-stress tensor such that the geodesic equation for photons is derived
and that the gravity due to light is negligible. Since it has been proven that such an energy-stress tensor for photons can be found
[18], it becomes justified to use solution (6b) and ds? = 0 to calculate the bending of light

For a static problem, eq. (3a) can be a first order approximation of Einstein equation (1a). To clarify this, let us consider the

isotropic solution and the Schwarzschild external solution [7], which is

ds? = (1 - KMG/4np)c2dt® - (1 — KMG/4npyldp? - p?d6? - p? sin0de?, for p>KMG/4n (AD)
where

M =[odV,, and  c2KM/4np = kM/p (A2)

is the Newtonian potential for a spherical symmetric mass distribution. And the isotropic form is

ds? = [(1 - KMG/16rr) 2/(1 + KMG/16nr) 2]de? - (1 + KMG/167r)? (dx? + dy? + d2) (A3)
where

p=r(l1 + KMG/16nr’, for p>KMG/M4n  and r=[+y%+z3" (Ad)
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Clearly,

2 K o K o
ds ~c2(l-z;jdVO}-)dtz-(l—fz;jdVO};)(dx2+dy2+dzz), (6b)
where
R =[(x - x)? Hy - yo)* + (z - zp)*1"?, and o =0 (X, Yg, Zg)

is the first approximation of (A3) since j' dVyo | R = M/r, but is not the first order approximation of the Schwarzschild solution

(A1). If (A1) is used to calculate the geodesic and to obtain the light deflection, to the first order approximation, one obtains 7
o’ =KM/2np, (A5)

where p, is the impact parameter. Since p, must be larger than the radius of the sun, p,, is approximately equal to the correspond-
ing A in eq. (9¢). On the other hand, according to Huyghen’s principle, if n is a direction perpendicular to the propagation of the
light speed ¥, the light-ray envisaged in the plane (y , n) has the curvature - dy/on. It follows that a ray of light, traveling parallel to

the x5-axis in the X, -x5 plane, at a distance A from the origin, will be deflected, in all, by an amount [1,2]

1 0oL KM
a= | ——dx,, here L=c(l -—— A6
Tiga v e o
It follows [46]
6=x12
a= | —!2—cos Odx, = kM where  cos® = A/r (A7)
f=-ni2T 224

(A4) also implies that o’ ~ a.. Of course, one can directly use (6b) for the geodesic equation, and get the same result, but there is
little point to do a new calculation since existing results derived by Fock [30] can be used readily.
Thus, for these two different metrics, the two different approaches get the same approximation. The parameters p and r should

be physical the same since these metrics have the same frame. However, the diffeomorphism (A4) requires that they are distinct.

ENDNOTES

1) This is supported by the fact that the Fermat’s principle can be derived from the geodesic equation as shown by Pauli [47].

2) In this paper, the boundedness is always addressed to the amplitude unless otherwise specified.

3) The principle of causality [18] assumes that the causes of phenomena are identifiable. This principle is commonly used in
symmetry consideration in electrodynamics. In general relativity, Einstein and subsequent theorists have used this principle

implicitly on symmetry considerations [1,7]. Thus, in practice, the physical meaning of space coordinates has been used not
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4)

5)

6)
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only subsequently, but also right at the beginning. Other consequences are that parameters unrelated to any physical cause in
a solution is not allowed and that a dynamic solution must be related to a dynamic source.

A satisfaction of the equivalence principle requires that a time-like geodesic must represent a physical free falling. This
means that the manifold is a physical space (-time), which models reality, and all (not just some) physical requirements are
sufficiently satisfied. Thus, the equivalence principle may not be satisfied in a Lorentz Manifold [15] which implies only the
necessary condition that the mathematical existence of a co-moving local Minkowski space.

Some theorists believed that Einstein’s equivalence principle does not imply the necessary physical existence of a local Min-
kowski space (7) although this is clearly stated in eq. (106) in Einstein’s book “The Meaning of Relativity”. This
misinterpretation [48] comes from in Pauli’s version [47, p. 145], in which the existence of a local Minkowski space is only a
mathematical possibility. Experimentally, it is known that the local Minkowski space exists in a spacecraft under only grav-
ity. On the other hand, there is no theoretical or observational support for the substitution of Einstein’s equivalence principle
with Pauli’s version. Currently, the fact that some predictions can be obtained from different metrics is considered as due to
the gauge invariance. However, this is incorrect since the second order effect of gravitational red shifts is different from these
metrics. This means that Pauli’s version is inadequate, and Einstein’s equivalence principle is needed to find out the realistic
metric from those that can pass the four standard tests.

Max Planck once remarked, “A new scientific truth does not triumph by convincing its opponents and making them see the
light, but rather because its opponents eventually die, and a new generation grows up that is familiar with it.” Fortunately, it

seems, mathematics is an exception to his rule.
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