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Abstract

Space, time, motion, and general relativity are reviewed with its recent theoretical developments and experi—
ments. Based on Einstein's original work, the theoretical framework of relativity together with implicit as-
sumptions and unverified beliefs in current theory are identified by examining the later theoretical develop-
ments. It is concluded that the existence of the anti—gravity coupling is a necessary feature of general rela-
tivity. This implies that the energy conditions in the singularity theorems of Hawking and Penrose are not valid
in physics. Consequently, these singularity theorems are irrelevant to theories on space-time. In contrast to
the current belief, the principle of equivalence is actually a crucial requirement for a physical coordinate
system. For example, the current solutions for electromagnetic plane waves are incompatible with this prin-
ciple and consequently other physical principles. Then based on the principle of causality, it is proven that
there is no physical solution unless an additional tensor with an anti-gravity coupling is included in the source
term. Physical considerations and detailed calculations identify that such a tensor should be the energy-stress
tensor of photons. In search for its general form, it is discovered that the real-complex "wave-duality” in
electrodynamics has its origin from particle-wave duality. Thus, the existence of a connection between
relativity and quantum theory is manifested. It is therefore conjectured that gravitational radiation is also
associated with an anti—gravity coupling. Interestingly, this conjecture has actually been verified by the
gravitational radiation of the binary pulsar PSR 1913+16, because Einstein's radiation formula implies that
the Einstein equation must be modified with a gravitational energy-stress tensor added to the source term.
Indeed, the energy-stress tensor for gravity must have an anti-gravity coupling. Moreover, the supposedly
inevitable gravitational complete collapse of a super star in the current theory actually results from inadequate
modeling due to the remnant influence of Newtonian gravity. In general relativity, a super star would end, in

agreement with observations, as a supernova.




1. Introduction

In physics, the nature of matter is understood in terms of its motion. Since any motion is described in
terms of space and time coordinates, the nature of space and time is a fundamental problem in physics. Since
a motion invariably involves gravity, the understanding of motion and gravity historically goes hand in hand
and theoretically is almost inseparable. Our understanding of the motion of bodies is improved with the depth
of our observations. This can be dated back to Aristotle, Galileo and Newton.

Perhaps, the earliest recorded notion of motion, stated by Aristotle, is that the natural state of a body
was to be at rest and that it moved only if driven by a force or impulse. Aristotle stated also that a heavy
body should fall faster than a light one. Aristotle's statements are based on our crude daily experience without
analyzing the resistence due to friction. The Aristotelian tradition also held that, based on some principles
which may have been concluded from some observations by an authority, one could work out all the laws of
nature by logical thinking which often involves dubious implicit assumptions. Such extrapolations need not to
be checked by observation. Unfortunately, such a tradition often revived in the history of theories.

Galileo's studies of mechanics showed that a body does not come to a halt when the force propelling it
is removed, but instead decelerates at a rate dependent on the amount of friction it encounters. Therefore,
Galileo argued that all objects would fall at the same rate if there were no atmospheric frictoin. Also, as a
body rolls down a constant slope, the same gravity force always makes it constantly speed up. This shows that
the effect of a force is to change the speed of a body, rather than just to set it moving. Thus, whenever a
body is not acted on by any force, it will keep on moving in a straight line at the same speed. Calileo's
experiments were used by Newton as the basis of his three laws of motion. Newton's law implies that there is
no unique standard of rest, and therefore one could not give an event an absolute position in space. Moreover,
a speed is related to another object which serves as a reference frame of which a coordinate system is
attached. But, both Aristotle and Newton believed in absolute time.

Newton, based on his laws of motion and Kepler's three laws of planetary motion, discovered a law to
describe the force of gravity, which states that every body attracts every other body with a force that is
proportional to the mass of each body. This explains why all bodies fall at the same rate. In the geometrical
aspect, the gravity force between two bodies is inversely proportional to the square of their distance. This
explains Kepler's law of planetary motion. Moreover, his law of gravity predicts the orbits of the earth, the
moon, and the planets with great accuracy. Newtonian gravity is important in the formulation of relativity.

Newton's theory is based on observations of the mechanical slow speed phenomena. The limitations of
his theory are exposed when electromagnetic phenomena are observed and analyzed. In spite of the most obs-
tinate efforts, electromagnetism just cannot be explained in terms of mechanics. A new physical concept,
“field" in space has to be accepted. Moreover, Maxwell's theory predicted that electromagnetic waves (or
lights) travel at a certain fixed, but very high, speed. This speed, according to Newton's theory, would be
measured relative to a certain reference frame; and ether was suggested. However, all attempts to measure

the relative motion of a body to ether fail. In particular, the Michelson-Morley experiment showed that the




speed of light is independent of the direction of the earth's motion.

There were several attempts, most notably by the Dutch physicist Hendrik Lorentz, to explain the result
of the Michelson-Morley experiment in terms of objects contracting and clocks slowing down when moved
through the ether. However, in 1905, Albert Einstein pointed out in his special theory of relativity that the
whole idea of ether was unnecessary, but the idea of absolute time must be abandoned. A similar point was
made a few weeks later by a French mathematician, Henri Poincaré. It is interesting to note that Einstein's
arguments were physical; whereas Poincaré, being a mathematician, regarded this problem as mathematical.

Special relativity is based on inertial reference frames. This is, in principle, unsatisfactory since an
inertial frame exists only in idealization. On the other hand, gravity cannot be made compatible with special
relativity because of the experimental fact that all bodies have the same acceleration in a gravitational field
(1]. Einstein solved both problems by realizing the equality of inertial and gravitational mass. Later, he
developed this to the principle of equivalence, on which the general theory of relativity is formulated. From
this exceedingly convincing theoretical framework, Einstein made three observable predictions: i) perihelion
precession; ii) bending of lights; and iii) gravitational red shift. All three predictions are confirmed by
experiments with high accuracy [2]. General relativity is also supported by subsequent tests [3].

In general relativity, matter curves the four-dimensional Reimannian space-time, and the metric plays
the role of a gravitational potential. The equivalence principle implies that the geodesic equations are the equ-
ations of motion. However, as pointed out by Klein [4], there is no proof for the rigorous validity of Eins—
tein's equation, which have been and will be further modified within the framework of general relativity.

Some relativists, who are confused over the differences between mathematics and physics, believed that
the choice of physical coordinates is arbitrary. Obviously, this would not be compatible with the principle that
“The justification for a physical concept lies exclusively in its clear and unambiguous relation to facts that can
be experienced” [5]. Such a belief is based on their failure in recognizing that the equivalence principle
actually limits the choice of valid physical coordinates [6]. (They thought that such a physical condition is
satisfied automatically by any metric [3].) Since the principle of equivalence should be satisfied in a
physical space, this mistake would not relate directly to observations. This would explain, in part, that the
agreement between observation and theory remains excellent. However, it does hinder and mislead the
theoretical developments of relativity. For instance, this incorrect belief is the root of the inadequate notion of
gauge [7], and a reason of many unphysical solutions in the literature [8].

A well-known unsettled problem in general relativity is the notion of gravitational energy. Einstein pro-
posed a gravitational energy-stress, in analogy to electromagnetism, to be essentially a quadratic form of the
the metric's partial derivatives [9]. Based on linearized gravity, Einstein derived a formula for gravitational
radiation. However, since such a gravity energy-stress is a pseudotensor, doubts have been raised by Lorentz
[10], Levi-Civita [11], and Einstein [12] himself. Some theorists [13] have gone so far as to justify
an alternative theory. Moreover, in his notion, gravitational energy cannot be localized since the principle of

equivalence implies that such derivatives are always zero in a local Minkowski space. But, if gravitational



energy is not localized, then how a particle can gain (or lost) energy in a gravitational field?

Nevertheless, the observation of Hulse and Taylor [14] supports Einstein's radiation formula although
Wald (7] and Yu (15] find that its derivation is not self-consistent. Naturally, attempts [16] were made
to justify the radiation formula by improving the approximation. But, this is a futile effort because, as Einstein
(17] noted, the linearized field equation is incompatible with Einstein's equation. In fact, linearized gravity
cannot be justified by mathematics alone, and the linearized field equation can be compatible only if the Ein-
stein equation is modified with a gravitational energy-stress tensor subtracted from the source (18]. Also,
his notion of gravitational energy-stress is actually an approximation of a localized tensor as required by phy-
sical considerations. But, Einstein's radiation formula remains valid [19]. Then, the current Einstein equation
emerges as a static approximation, and the intrinsic difference from Newtonian gravity becomes clear.

Whereas the great advancement from the ideas of Aristotle to those of Galileo and Newton started from
a better understanding of the simple fact, friction; the big step to Einstein's ideas started from the constancy
of light speed, and the equality of inertial and gravitational mass. The Taylor-Hulse experiment would be an-
other starting point for a great advancement because it verifies the existence of anti-gravity coupling.

However, since the exact form for a gravitational energy tensor remains to be found [19], general
relativity is incomplete. Thus, Einstein's claim [20] of logical completeness of general relativity seems to be
overstated. Moreover, in current theory, there are implicit assumptions and unverified beliefs [6,18].
(Another example is that the universal coupling for massive matter has been extended without sufficient
justifications.) In view of these, it would be beneficial and necessary to clarify the theoretical framework and
to identify the implicit assumptions and unverified beliefs. Then, it may become possible to see clearly that in
general relativity what assumptions and to what extent have actually been confirmed by experiments. Another
problem in general relativity is to identify the physical requirements for physical solutions.

Einstein [21] suggested that the appropriateness of a source tensor would be a problem. The source
tensor for electromagnetic waves is investigated because existing solutions are incompatible with the equival-
ence principle. It is founded [22] that, based on causality, electromagnetic waves alone have no physical
solution for gravity unless an energy-stress tensor with an anti-gravity coupling is added to the source. This
tensor is identified as the energy-stress tensor for related photons. The existence of an anti-gravity coupling,
which is established by both experiment and theory, means that the singularity theorems [7], on which the
notion of black hole is based, are actually irrelevant to physics (see §6). Einstein's another suggestion is to
consider the non-symmetric metric [23-25]. Another known direction of generalization is to increase the
dimensionality of the Reimannian space [26-29] such that other physical interaction, e.g. electromagnetism,
can be included. However, there is not yet a distinct experimental confirmation for any of the generalizations.

In this paper, the above problems in general relativity are addressed. In particular, the existence of the
anti—gravity coupling is proven and the question of gravitational collapse is discussed. However, this review is
by no means complete due to the limitation and prejudice of the author. It is hoped that this paper would be

useful to those who wish to develop and achieve a deeper understanding in space, time, and motion.



2. Special Relativity, quivalence Principle, and Covariance.

The fundamental principle of relativity was that the laws of science should be the same for all freely
moving observers, no matter what their speed. Based on experiments, the constancy of light speeds is also
assumed. A consequence of special relativity is that it is impossible to increase the speed of a massive particle
to the speed of light. The physical requirement that no event can propagate faster than the velocity of light in
an empty space shall be called refativistic causadity (see also §3). It becomes harder to increase the
speed of an object as its speed gets faster. This effect is verified by modern high energy accelerators in
numerous experiments [30] in which charged particles are accelerated.

However, special relativity is not exact. The best known consequence is perhaps
E = mc2. (2.1)

Eq. (2.1) implies AE = Amc? in connection with the mass—energy transformation in an interaction but not a
mass—energy equivalence since the photon is massless. Note that general relativity implies that mass and
energy are not equivalent since gravity depends also on the energy foum (as illustrated by the Reiss—
ner—-Nordstrom metric in §6). This is intrinsically different from Newtonian gravity.

In special relativity, the time coordinates of different reference frames may give different time
separations for two events, and the distance of two points also depends on the reference frame. It should be
noted, however, that the time coordinate is determined once the frame of reference (space coordinates) are
chosen. (In physics, it is meaningless to use the space coordinate of one reference frame but the time of
another reference frame although this is mathematically allowed.) This is why FEinstein [31] said that “In
physics, the body to which events are spatially referred is called the coordinate system."

The free moving frames of reference require that a coordinate transformation must be linear in time.
However, the constancy of light speed implies that some linear coordinate transformations are not valid in
physics. For instance, consider a Galilean transformation,

x'=x, Y=y, z=z+vt, and t =1t (2.2)

where v is a constant. If the light speed dz/dt = + ¢, then the light speed in the z'-direction is

dz” dz dz”

@ = g tV=crvo oor = -C + V. (2.3)

Thus, transformation (2.2) leads to only a mathematical but not a physical coordinate system. In relativity,

between inertial systems, only Lorentz transformations are physically valid. An example is,

i i

xX'=x, y=y, z' = Y(z +vt), and t' = Y(t + zv/c?), (2.4)



where Y = (1 - v2/c2)~" Also, the Maxwell's equation is invariant under Lorentz transformations.

in special relativity, the flat metric N, (+,-,—-,-) is
ds? = c2dt? - dz2 - dx2 - dy?. (2.5)

Therefore, the time coordinate and a space coordinate are distinct although there is no absolute time. A time
coordinate { must be time-like (d{2 > 0); whereas a space coordinate & must be space-like (d€? < 0).
Moreover, a physical coordinate system must satisfy relativistic causality. The Calilean transformation (2.2),

which is valid in mathematics but not in physics, transforms the flat metric (2.5) to

ds?2 = [dz' + (c - v)dt'] [-dz' + (c + v)dt'] - dx2 - dy2 (2.6)

‘., z') are space-like, and coordinate t' is time-like if ¢2 > v2.

Then, all the space coordinates (x', y
However, metric (2.6) and the condition, ds? = O for a light ray in the z'~direction would produce eq. (2.2)
which violates relativistic causality. Note that both metrices (2.5) and (2.6) satisfy the same Einstein
equation (G,, = 0) in an empty space. Thus, afthough a metric satishies Einstein equation, the dight
cone condition 5 inadequate to ensure redativistic causality (see also §3).

An important link between special relativity and general relativity is Einstein's principle of equivalence.
This principle implies that, in a nonrotating free falling coordinate system, special relativity is locally valid
[2]. Thus, relativistic causality is guaranteed by Einstein's principle of equivalence. However, in calcula—
tions, both this principle and relativistic causality should be considered as physical requirements since Einstein
equation allows solutions which are incompatible with relativistic causality (see also §3.2 & §3.3).

For a constant metric, there is no gravity since all Christoffel symbols I'?, _ are zero (see §3.1). Then,
in a nonrotating free falling, the velocity of an observer is a constant. According to special relativity, this
observer carries with himself a new coordinate system which is obtained by a Lorentz transformation. But, a
Lorentz transformation does not transform a constant metric (if it is not the flat metric) to a local Minkowski
space. In other words, for a non-Minkowski constant metric, there is no physical free falling which relates to
a local Minkowski space. Thus, the flat metrvic s the ondy physical constant metric and the principle
of equivalence is incompatible with Galilean transformations. Moreover, there are manifolds for which there
is no coordinate transformation such that the equivalence principle is globally satisfied in the transformed
space (see §3). This means that it is not generally valid to consider light speeds in terms of local spaces.

The current notion of gauge is based on diffeomorphism (one-one, onto, infinitely differentiable C=
map with a C* inverse between two manifolds) [7] in mathematics. Since no assurance is given for the
validity of the equivalent principle, such a transformation may not lead to a physical coordinate system. The
Galilean transformation is an example. Consequently, the covariance of physical laws should be considered

only among physical coordinate systems but not all the mathematical coordinate systems (see also §3.3).
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3. General Relativity and its Theoretical Framework.

In special relativity, laws of nature are described in terms of an inertial coordinate system, just as in
Newton's theory. This is unsatisfactory in principle since, in reality, an inertial coordinate system exists only
as an idealization. Therefore, laws of nature must be describable in terms of a non-inertial system and should
be invariant under physical coordinate transformations (principle of general relativity).

On the other hand, special relativity is incompatible with Newton's gravity which requires action at a
distance. To satisfy special relativity, as pointed out by Einstein (1], "the simplest thing was, of course, to
retain the Laplacian scalar potential of gravity, and to complete the equation of Poisson in an obvious way by
a term differentiated with respect to time." However, such a potential of gravity has difficulty with the ex-
perimental fact that all bodies have the same acceleration in a gravitational field. Then, Einstein realized that
the equality of inertial and gravitational mass must lie the key to a deeper understanding of inertia and gravit-
ation. Then, he formulated the principle of the equality of inertial and gravitational mass as follows: In a
homogeneous gravitational field all motion takes place in the same way as in the absence of a gravitational
field in relation to a uniformly accelerated coordinate system. Thus, gravity is related to a non-inertial frame.

These considerations lead to Einstein's field equation for gravity. It should be noted, however, its solution
may not necessarily be compatible with the principle of equivalence (see §2). Moreover, for some cases, it

is possible that an Einstein equation may not even have any physical solution (see §3.2 and §3.3).

3.1. Equivalence Principle, Metrics, and Equations of Motion

For a non-inertial system, due to non-linear transformations, equation (2.5) takes the general form,
ds? = g,y dxH dxV, (3.1)

where metric guy is a function of xM. Then, it follows from Einstein's principle of equivalence that the

equation of motion for a particle should be associated with the geodesic equation in a Reimannian space,

d2x9 o dx4  dxV o gaB dggy 9ggy 9guy
et r Wogxn di = 0, where I =5 (ax" Yol BxB ). (3.2)

Eq. (3.2) satisfies the equality of inertial and gravitational mass, and can be compatible with the principle of
equivalence since, at any point, the Christoffel symbols can be tranformed to zeros through a mathematical
transformation to a local Minkowski space. However [32], "As far as the propositions of mathematics refer
to reality, they are not certain; and as far as they are certain, they do not refer to reality." Physically, the
principle of equivalence requires that such a local Minkowski space can be obtained through a non-rotating
free falling system [2]. (This principle also restores the constancy of light speed in a local system.) Thus,
the satisfaction of the equivalence princple may not be gloéadly valid for a manifold although the satisfaction

of this principle is automatic for a local Minkowski space (see §2 and also §3.3).



3.2. Einstein's Field Equation and Gauge
Now, it is necessary to find a field equation to determine the metric. From eq. (3.2), for weak gravity
and slow motion, g, is identified with the Newtonian potential of gravity. The correspondence principle and

the principle of relativity indicate the appiroaximate validity of the following equation,
n8,8, g,y = - 2K T(m)y, (3.3a)

where T(m),,, is the energy-stress tensor of massive matter, and K = 4TG (G is the Newtonian gravity

coupling constant). Then, the principle of covariance suggests the following equation,
Ry = = K T(m),y, (3.3b)

where R n is the Ricci curvature tensor. However, eq. (3.3b) is not compatible with the conservation law,

VHT(m),,, = O. This physical requirement and VIG,;,, = O lead to the current Einstein equation,

1
G =Ry - 7 guu R == KTy . (3.4)

Note that if T has not been determined, any metric could be considered as a solution [8]. Obviously, the
validity of eq. (3.4) depends on the appropriateness of T,y (see also §4 and §5). But, there is no principle
to determine an exact T, directly [21]. Thus, a solution should be examined with physical principles.
Hilbert [33] shows that the solutions of equation (3.4) are not unique. Thus, there are certain freedom
in the choice of coordinate system. Before a choice restriction due to the principle of equivalence is recogn-
ized (6], it was believed that the choice of a coordinate system is completely arbitrary. The condition for

such a choice is called a gauge. An often used gauge is the harmonic coordinate condition [34],

d
ax (lgl™g®) = o. (3.5)
However, condition (3.5) may not be compatible with the principle of equivalence (see §3.3).

3.3. Velocity of Light, Relativistic Causality, and Physical Coordinates

Einstein [35] pointed out that “The principle of inertia and the principle of the constancy of the velo-
city of light are valid ondy with respect to an inertial system.” A velocity component with respect to a space
coordinate is that the difference of the space coordinate at different times is divided by the difference of time
at different places. Then a light speed is determined by components of the space-time metric since the light-
cone condition is invariant. To circumvent physical coordinates, some relativists “define” the light speed at

any point of a manifold in terms of a local Minkowski space. However, such a “definition” is not wefl-




dedined since there are manifolds which cannot be transformed to a physical space. This “definition” is also
misteading in physics since satisfying the equivalence principle must be implicitly assumed (see also §2).
Moreover, a speed in a local coordinate system is not a speed in the physical space.

Since the equivalence principle implies relativistic causality, it can be used as a criterion. Obviously,
that a speed of light is smaller than or equal to ¢ (the light speed in a vacuum) may not be valid for some
diffeomorphic manifolds. Neveatheless, the principle of covariance 5 compatible with redativistic
causality since its violation means that the choice of coordinates ©5 not valid in physics.

It is not difficult to see that relativistic causality is satisfied by the Schwarzschild solution [2],
c C .
ds? = (1 - 7)dt?2 - (1 - )~ ¥dr?2 - r2dQ2, (3.6a)

where C (= 2M) is a positive constant, dQ2 = (dB82 + sin20 d®?), and (r,8,0) are spherical coordinates.

Thus, the light speeds in the r—direction and O-direction are respectively,

dr C rdg C .
G =1 -7), and G == (1 -77)". (3.6b)

Eq. (3.6b) shows that, due to gravity, light speeds are slower.

One might argue on the ground that, based on the simultaneous distance and the local time, light speeds
remain to be * 1. However, from metric (2.6), for a light ray in the z'-direction, the simultaneous distance
is determined by ds?=-dz'2, and the local time is determined by ds?=(c2- v2)dt2. If such a z'-directional
light speed were % c, then one obtains ds? = 2vdt'dz’ ¥ 0. For a light ray in the x'-direction, althought light
cone condition is not violated, one would still obtain the unphysical relation that dx'2/dt2 = c2 - v2,

In the literature [2,8], there are non-trivial metric solutions which do not satisfy relativistic causality

and/or have other problems in physics. For example, an accepted metric [36] is as follows,

ds? = du dv + h"j(u)xix} du? - dx; dx ) (3.7)
where u = t-z, v = t+z (the light speed in a vacuum is denoted as 1), h,(u) = 0, and hij = hj3 (i,j = 1,2).
This metric satisfies the harmonic gauge (3.5). It should be noted, however, that metric (3.7) depends on x

(= xy) and y (= x,), and is not weak nor bounded although the cause of metric (3.7) can be an electro-

magnetic z-directional plane wave. Moreover, metric (3.7) satisfies

N®8,8, Ty = =2[h,(u) + h (u)], and 7 =nvy,=0, (3.8)

where 7, is the deviation from T,,. Thus, metric (3.7) is rather arbitrary as the similar case derived by

Peres and Bonnor [37]. It will be shown that metric (3.7) is not compatible with relativistic causality.



Metric (3.7) and similar metrices [37] have a general form as follows:

ds? = du dv + Hdu? - dx; dx; . (3.9a)

A light trajectory satisfies ds? = 0. For a light in the z-direction (i.e. dx = dy = 0), one obtains

dz 1+ H
ds?2 = dudv + Hu2 =0, and g = -7 - H (3.9b)

is the backward light speed while the forward light speed is 1. Then, redativistic causality requires,
H < 0. (3.10)

Obviously, condition (3.10) is not satisfied by metric (3.7). Moreover, the gravitational force is related to
'z, = (1/2)0H/Bt. There are arbitrary parameters (the choice of origin) which are not related to the cause
(an electromagnetic plane wave). This violation of the principle of causality implies that £t ©5 fmpossiéle to
thansform metric (3.7) to a physicad one. 1t will be shown in next section that there is no physical

solution for an electromagnetic plane wave if the wave energy-stress tensor is the only source term.

3.4. Remarks on Theoretical Framework and Implicit Assumptions.

The general theory of relativity is based on the principle of equivalence. This principle, as a physical
requirement, not only implies that the geodesic equation is a equation of motion, but determines the validity of
a metric and possibly the source. Since this principle also implies relativistic causality, it can be used to
examine the validity of a metric, and therefore a gauge. Another general physical requirement is the principle
of causality (see Appendix A). In Einstein's field equation (3.4), only the left hand-side is determined. For
massive matter, the right hand-side source term should be compatible with the principle of correspondence.
These are the theoretical framework of relativity supported by experiments. However, since gravity depends
on the form of the energy, the appropriateness of the source term may remain to be an issue (see §4 & §5).

The incorrect beliefs identified so far are: the arbitrariness of a coordinate system and consequently any
metric with a proper signature would be incorrectly considered as physically valid. Einstein's postulate [38]
is "Natural laws are to be formulated in such a way that their form is identical for coordinate systems of any
kind of states of motion". Thus, arbitrariness is among physically realizable systems. Moreover, the co-
ordinates in the Schwarzschild metric are measurable, since their validity has been verified by experiments
(2,3,7]. An implicit assumption is the fact that the extension of Newtonian universal coupling has not been
justified since general relativity implies that mass and energy are not equivalent (see §2). As pointed out by
Pauli [9], in principle, general relativity allows to have different coupling constants even with different
signs. The other implicit assumptions related to the source, shall be identified later (see §4, §5 and §6).
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4. Gravity of Electromagnetic Plane Waves and Anti—Gravity Coupling.

The validity of an electromagnetic wave energy-stress tensor as the only tensor in the source should be
examined because of duality. In general relativity, duality was used in the calculation of the star light deflec-
tion where light is considered as consisting of massless particles, photons (2]. Naturally, one may ask whe-
ther duality should be considered in Einstein's field equation, which would include the equation of motion for
massive particles [39]. To be more specific, is there a tensor for photons as part of the source tensor?

Electromagnetic waves and photons are inseparable. It is therefore conjectured that for some cases,
without a photon tensor, the Einstein's field equation may not have a physical solution. (It should be noted that
although a variational principle assures mathematical compatibility (23], it does not ensure the existence of a
physical solution.) Here, we consider a simple case when the source is the energy-stress tensor of an elec~
tromagnetic plane wave. Our conjecture is supported by the fact, as shown in §2, that the solutions obtained
by Peres and Bonner [37] are not physical because the principle of equivalence is violated.

The principle of causality implies that an electromagnetic plane wave would generate an accompanying
gravitational plane wave (see Appendix A). On the other hand, since the time average of the related G, is
positive, there is no physical solution unless another tensor is subtracted from the source (see §4.3). This
means that the anti-gravity coupling, which was considered by Pauli (9] as a possibility, should be a
necessary feature. Moreover, a physical solution requires that, in the flat metric approximation, this unknown
tensor, on the time average, is the same as the electromagnetic energy-stress tensor. Thus, this unknown
tensor would satisfy the condition for an energy-stress tensor for photons as required by quantum theories.

Based on that photons travel along a geodesic and other physical considerations, a photon tensor is obta-
ined for monochromatic waves. Then, physical solutions are indeed obtained for different polarizations. Thus,
the anti-gravity coupling for photons is confirmed theoretically. Naturally, this leads to the conjecture that a
pure gravitational radiation (or gravitons) would also have an anti-gravity coupling. Surprisingly, this “con-

jecture” has actually been confirmed experimentally by Hulse and Taylor [14] 20 years ago (see §5)!
4.1. Duality and Causality

Let us consider a ray of electromagnetic waves propagating in the z-direction. Within the ray, one can
assume a strong cylindrical condition. Thus, as in the literature [2,8], the electromagnetic potentials are:
Due to the principle of causality (see Appendix A}, the metric g, is functions of u (= t-z), i.e.

Bk = Bi(u) - (4.2)

Because the momentum of the photon Pk is in the z-direction and the photon is massless, one obtains
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8 + 28, +8,=0, 8, * 8, =0 and g, +g, =0 (4.3a)
Eq. (4.3a) can be considered as a part of the harmonic gauge condition, and are equivalent to

g*t - g¥z =0, g¥t - g¥%2 =0, and gtt - 2gtz + g2z = 0. (4.3b)
Note that equation (4.3b) is equivalent to the transverse condition [22],

P® g = P = 0, (4.3c)
for k = x, y, and v (E t + z). The transversality of an electromagnetic wave would imply

P®™ A, = 0 , or equivently A, + A, = 0 . (4.4)

Eqgs. (4.2) to (4.4) imply that not only the geodesic equation, the Lorentz gauge, but also Maxwell's equation
are satisfied. Moreover, the Lorentz gauge becomes equivalent to a covariant expression.

The above analysis suggests also that an electromagnetic plane wave can be an exact solution. The scalar
§P,_dx™ would equal to P, x™ in a coordinate system where P, are constants. Then, P_x™ represents a scalar

even though the space is not flat. Now, obviously eq. (4.3c) is necessary due to eq. (4.1).

4.2. The Reduced Field Equation

Then, eq. (4.2) and eq. (4.3) reduce the field equation to a single equation,

Ri = -7 3x® + 8t ~[™anlPtt+I™ntl™ne = -KT(E)y = K gm™F o Fot, (4.5)
where F| is the electromagnetic field tensor. Note that eq. (4.5) is compatible to R, = - R, = R,,, and the

other components are zero. Then, eq. (4.5) is simplified to a differential equation of u as follows:
C"-8. '8y + (8, ) 2 -G [(C'/2G) +(g/'/g)] = 2K (F %, +F 28, ~2F (F  g.),  (4.6a)
where
C =g, 8,y - 8,7 and g =gy + g, . (4.6b)

The metric elements are not necessarily independent since they are connected by the following relation:

-g=Gg?, where g = |g]| (4.7)
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is the determinant of the metric. If g is a constant, the metric shall be called semi-unitary.

Equations (4.3), (4.4), (4.6), and (4.7) allow A, g, 8ytr and g,, to be set to zero (or equivalently
g4 = O for k = x, y, u). These orthogonal conditions are valid because there is no physical reason to suggest
otherwise. In any case, these assigned values have little effect in subsequent calculations. Note that equation
(4.3) requires only g, + g,, = O. This allows g, to have a wave component.

Now, there are four metric elements (g ., 8xyr Byyr and g,,) to be determined. However, there is only
one differential equation (since equation (4.7) is not really an equation if g is not specified by other means).

Nevertheless, to show that there is no physical solution, equation (4.6) is sufficient.

4.3. Necessary Physical Conditions and the Source Tensor.

It will be shown that there is no physical solution for eq. (4.6) by using the required periodic nature of
the metric due to causality (see Appendix A). Concurrently, it is shown that the curvature tensor, on the time
average, is necessarily non-negative for a plane wave. |

In the subsequent derivations, weak gravity is assumed. From the viewpoint of physics, this assumption is
not a limitation because it is difficult to imagine that a strong gravitational wave can exist, but a weak one
cannot. For simplicity, it is assumed also that the wave components are essentially monochromatic.

For clarity on the order of each term, the deviations 7, (= g, —Tx) are used. Let us consider
T * Yy = = F= = (fg + ;) . (4.8a)
where f, is the time average of f over a multiple of periods. Then, one has

C'l = fil - [f1lTxx + fox' + 2’YxxT>(xl + Z’nyrrxy'] 4 (48b)
and

C" = Bu'By' * (8y)* = 1" = F1 "V = (1)
= {27+ f) " + (T2 + 27,1, + (7,0 7. (4.8c)
Now, it is clear that in R, the only term which can be of the first order of deviations is f,". Note that eq.

(4.8¢) includes all terms (from the curvature tensor) in the lowest order equation.

To give an approximation for eq. (4.6), a periodic function A(Wu) is represented by a sum

A=Ay + ¥ A, cos(nu + d,) . (4.9a)
n=1
It follows that
(A)2 + 2AA" = - W2 3 n2A, 2%/2 + 2A"A, + W2 [F(A) - 2F,(A)]. (4.9b)
n=1

where
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- 1
F(A)= % [mn A Asin(mu + O )sin(nu + Q)] - 7
m+n n

1[n"’An"' cos2(nwu + Q)] ,

[ ael:

and
2F,(A) = ¥ [(mZ+n?)A A cos(mWu+Q, )cos(nWu+0, )] + zl (n2A, 2cos2(nwu+q,)].
m+n n=
Note that, in eq. (4.9b), the constant terms are negative, and the time average of other terms are zero.

Now, consider the case that f," is of the first order of deviations. Then the first order equation is

f," = - Kw?{ 5 n? [AL2 + ALZ] + 2([F(A) + F(ADT T (4.10a)
n=1
Thus, it follows from equation (4.9b) that the solution of (4.10a) is not physical unless there is no

electromagnetic wave. If f," is of the second order of deviations, then the second order equation is

it e - K0T Tt (A7 ¢ AL+ 2(FA) + FAD])

=
(2 4 T+ ()P + 27, 7" + ()% (4.10b)

From egs. (4.9b), one can easily see that the constant terms in (4.10b) have the same sign. Consequently, f,
cannot have a physical solution unless there are no electromagnetic waves.

The above calculation also gives a necessary condition for a physical solution. The time average of the
source stress tensor must be negative and of the second order of deviations. If (TXX+TW)' is of the second

order, this is obvious. If (7, +Y is of the first order, the time average of the source stress tensor remains

)I
Yy
the same sign and order because the first order of the time average must be zero. Thus, the constant terms of
the first order in the stress tensor for electromagnetic waves and in an unknown tensor must cancel each
other. In terms of physics, this means, in the {lat metrvic approximation, an electromagnetic wave

and the unknown souirce tensor carry, on the time average, the same energy-momentum.
4.4. Anti-Gravity Coupling and the Photon Tensor.

To verify the conjecture that a non-physical field equation is due to an inappropriate source tensor, one

must find the photon tensor for electromagnetic plane waves. Let us assume that the source is
Tyy = T(E)yy + CT(P)y (4.11a)
where T(E) n and T(P)u\, are the stress tensors for the electromagnetic wave and the related photons, and

C is a constant. Since both T(E)u\, and Tp\) are divergence free and traceless, T(P)u\) is also divergence

free and traceless. Moreover, the photons move along a geodesic. Since there is very little interaction, if any,
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among photons of the same ray, one may assume a dust-like model, Tab(P) = PP2Pb, for a monochromatic
wave. The scalar P is a function of u, and should be a non-zero function of the electromagnetic potentials
andfor fields. This implies P(u) = A A_g™A_, where A is a constant to be determined. Note that P(u) is
Lorentz gauge invariant because of eqgs. (4.2) and (4.3). Also, the geodesic equation, PavV. P> = 0, is

implied by V,(pP2) = 0, and V,T(P)2b = 0. In classical theory, light intensity is proportional to the square

of the wave amplitude. Thus, P can be considered as the density function of photons if A = -1. In
anticipation of an anti—gravity coupling, one may assume C = -1 in eq. (4.11a), and obtain
Tyv = T(E)yy = TPy = T(E)yy - A A g™A, PuPy- (4.11b)

Thus, a photon tensor changes nothing in the calculation, but only gives another term for eq. (4.6).

To determine A, let us consider a circularly polarized monochromatic electromagnetic wave,

1 1
A, = 7z Agcos Wu , and A, = 7 Agsin Wu . (4.12a)

Then, we have (see Appendix A)

1
Ty = 26W2A,2[(1 + C)(1 + X) - (1 - A)Bgycosd]

(A
e

(4.12b)

Eq. (4.12b) requires that A < -1 because the constants C and B, are much smaller than 1. As shown in
§4.3, causality requires that, in a flat metric approximation, the time average of T, is zero. This implies that

1 K
A=-1,and T, = ~GW?A;?BgcosQ < 0, and By = 5 Ay2cosQ. (4.13)

where O is the phase difference between the electromagnetic and the gravitational waves. Thus, puie
electromagnetic waves can exist since cos = O is possible.

To confirm the validity A=~1, consider a wave linearly polarized in the x-direction,

A, = Agcosbi(t ~ z} . (4.14a)
Then, one has
Syy ..
Ty = 3¢ WAAZ{(-A = 1) + (1 - X)cos [2w(t - z)] }. (4.14b)
Thus, the flat metric approximation again requires that A = -1. Then,
9yy
Te = —G  W?Ag2cos [2w(t - z)]. (4.14¢)
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Eq. (4.14c) implies that the related Einstein tensor and (g, + gyy)' are of first order of deviations. Thus,

its polarization has to be different. One may expect that the time average of T, is also negative.

4.5. Unified Polarizations and Physical Solutions.

If a circularly polarized electromagnetic plane wave results in a circularly polarized gravitational wave,
one may expect that a linearly polarized electromagnetic plane wave results in a linearly polarized gravita-
tional wave. From the viewpoint of physics, it would be meaningful to require that, for an x-directional

polarization, gravitational components related to the y-direction, remains the same. In other words,

By =0, and g = -1. (4.15a)
Mathematically, condition (4.15a) is compatible with semi-unitary (i.e. g is a constant, see Appendix B).
Equation (4.15a) means that the gravitational wave is also linearly polarized. In the literature [2,8,36],
there are other proposals. However, they all lead to unphysical solutions (see §3 and Appendix B).

It follows that equation (4.6) becomes

G¢"=-2KCT,, and GC=-g, . (4.15b)

Then, the general solution for equation (4.15) is:

K -
-8 =1+ Cy, -7 Agzcos[Zm(t - 2)], and 8¢ = — &, = ! _.gix , (4.16)

where C, is a constant. Note that the frequency ratio is the same as the case of a circular polarization. For a

polarization in the diagonal direction of the x-y plane, the solution is:

K
Bix = 8y = =1 = Cy/2 + 7 AgZcos [20(t - z)] , (4.17a)
K
8y = = Ci/2 + 7 Ag2cos[2w(t - 7)] , (4.17b)
K 1
8 = - 8, = ~¢/{1 + C, - 5 A2cos [2w(t - )] }72, (4.17¢)

Note that for a perpendicular polarization, the metric element 8xy changes sign. Solutions (4.16) and (4.17)
imply that linear superposition of electromagnetic waves is only approximately valid. The time averages of
their T,, are also negative as required. If g = -1, relativistic causality requires C; = K A,%/2.

If the photon tensor were absent (i.e. A = 0), then the solution of equation (4.15) could have been
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K ~
-g,. =1+ Cy -7 A2{2w2(t - 2)? + cos[2wW(t - 2)] + C, (t - 2), (4.18)

where C, and C, are constants. Solution (4.18) is not physical because the term (t - z)% grows very large
as time goes by. Thus, T(E), has a time limit zero, and therefore disagrees with special relativity.

For a circularly polarized electromagnetic wave, the phase difference controls the amplitude of the
gravitational wave (see eq. (4.15)). This is different from the case of linearly polarized waves. Also, in both
cases, there is a small constant C, to be determined. Nevertheless, this constant C, would not affect the
gravitational force, and thus, the forces related to gravitational waves (4.16) and (4.17) can be compared
with measurements. In particular, the frequency ratio would make such measurements easier. Thus, this
calculation can be experimentally verified. Also, these formulas provide a theoretical basis to measure more
directly the gravitational coupling constant for the electromagnetic energy-stress tensor.

Eq. (4.15a) can be interpreted as the transverse metric components are subjected to another constraint
related to duality and invariance of polarization. Note that both the momentum P* and the conjugate momen-
tum P, are in the z-direction. One may conjecture that an electromagnetic plane wave A, and the cor-
responding contravariant electromagnetic potential Ak have the same plane of polarization. In other words, the

ratios among their corresponding components are the same. Then one has the following additional equation:
(@%-B?)g, =0B(g,-8,,), where A,=0A, A =BA, and |a|?+|B|?=1, (4.19)

where O and B are constants, and A is a periodic function of u. Equation (4.19) is equivalent to that, for an
electromagnetic wave linearly polarized in the x-axis, 8« = 0. For a circularly polarized wave, one could
extend equation (4.19) to complex waves. Then, an electromagnetic and the accompanying gravitational wave
have similar connection between real and complex waves.

A semi-unitary condition simplifies equation (4.6) considerably since eq. (4.7) implies that the last two

terms on the left-hand side of equation (4.6a) cancel each other. Then equation (4.6a) is reduced into
C" - 8By *+ (87 = 2K {(Fy? 8y, + F,? 8 = 2FFc 8) + CT(P)y}. (4.20)
Note that equation (4.20) includes only transverse metric elments, and G" can be of first order of deviations.

4.6. Real-Complex "Wave-Duality" and Duality.

Here, it will be shown that a general photon tensor can be obtained from duality considerations.

In classical electrodynamics, it is well-known that a real wave is the real part of a complex wave
because Maxwell's equation is linear. These waves satisfy related Maxwell's equations in which the source

term of the real equation is the real part of the complex source. It seems that such a “"wave duality” is only a
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mathematical convenience and that complex waves are mathematical auxiliaries. However, QED (quantum
edectrodynamics) suggests that this wave-duality should have a physical origin, paticle-wave
duatity because complex wave functions must be used in a hermitian field operator.

If "wave-duality" indeed has a physical origin from duality, then wave-duality should also be valid in
general relativity. Then, QED (in which there is no photon tensor) would imply that the real part of the

complex electromagnetic energy-stress tensor T( é)lk is the modified tensor (4.11), i.e.
Re [Ty (E)] = Ty(E) - Ty(P). (4.21)

Eq. (4.21) implies that, for a static electromagnetic field, T,k(é) is real, and there is no photon. The validity
of eq. (4.21) is verified for monchromatic plane waves. Since the imaginary part, Im [T, (E)] may not be

zero, from the view point of physics, T‘k(é) should satisfy a complex Einstein eguation, i.e.
Gi(g) = -K Ty (E); (4.22)

and the real part of a complex gravitational wave satisfies a modified real Einstein equation. This would mean
that, whereas particle-wave duality 5 eaplicitly manthested in a real Einstein equation;
duality o5 implicitly included in a complex Einstein equation.

Eq. (4.22) is supported by the facts that eqs. (4.2) and (4.3) are valid for complex functions and that
the geodesic equation and the generalized Maxwell's equation can be extended to a complex metric. Since eq.
(4.20) has only transverse metric elements, one may expect that wave-duality is valid for those elements.
However, since the metric is semi-unitary, one may expect wave-duality to be only approximately valid for
8« and g,,. In short, wave—duality is valid at feast for weak gravity.

It is not difficult to see that wave-duality is valid for directionally polarized electromagnetic waves. For
example, consider the case of an electromagnetic wave linearly polarized in the x-direction. The complex

wave related to the real wave in (4.14a) is

A, = A = Agexp{-iw(t - z)} . (4.23a)
The complex gravitational metric elements are:

-9

—“Oxx ’

K
8 =1+ C -7 A%, and g,=-8g, = (4.23b)

where C is a complex constant. These metric elements satisfy equations (4.2), (4.3), (4.7), (4.20) and the

following differential equation
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GC"=-2K(A)2, where G=-g¢g, . (4.24)

Equation (4.24) is a special case of equation (4.22).
To further support wave-duality, one can calculate the case of circularly polarized electromagnetic

waves. A circularly polarized electromagnetic complex wave would be

AX—T——Z*A, and Ay=: ﬁA' {4.25a)

The case of circularly polarized real wave suggests that the gravitational complex wave is also circularly
polarized. This can be realized by using equation (4.19) which implies T(E),, in (4.22) is zero. Then, eq.
(4.19) and eq. (4.22) imply that the gravitational complex wave is circularly polarized as follows:

g = -1 -C+ B, =-1-C-B, and gxy=:iB, (4.25b)

Byy
where
B = By exp{-i[2w(t - z) + 0]}, C=C, = By,

and

C=(1+C)2=(14+Cy)2~By? ¢ i2(1 + Cy)Bg. (4.25¢)
Formula (4.25) indeed further confirms wave-duality.

Thus, it is confirmed that wave-duality has its origin from particle~wave duality. Duality is implicitly
included in complex waves. This manifests general relativity and quantum theory could be inextricably related.

Now, the photon tensor can be calculated easily from eq. (4.21).

4.7. Some Theoretical Considerations.

To examine the appropriateness of a perceived source tensor, one should choose a simple situation and
then identify the related physical requirements. For the case of an electromagnetic plane wave, relativistic
causality, the equivalence principle, and the correspondence principle are essentially passive requirements
which can be used to check the validity of a solution. But, the principle of causality is an active requirement
since it implies that the metric is a plane wave. This is consistent with the principle of correspondence which
requires the flat metric to be a valid approximation for weak waves. Then, duality and the Einstein tensor
imply that, for a circularly polarized plane wave, the metric is also circularly polarized. This gives us added
confidence to the Einstein tensor G, .

Both the principle of equivalence and the principle of causality have been used as physical requirements.
However, since G for a circularly polarized gravitational plane wave is positive, validity of the Einstein
equation is impossible unless there 6 another source tensor with an anti-gravity coupling.

Now, the remaining question is what is a required photon tensor? There are three physical conditions
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that a photon tensor should satisfy. They are: i) It produces the null geodesic equation for the photons; ii) In
the flat metric approximation, on the time average it should equal to the electromagnetic tensor as required by
quantum theories; iii) The polarization of the resulting gravitational wave matches the electromagnetic
polarization. Condition i) makes a photon tensor distinct from an electromagnetic energy-stress tensor. But,
condition ii) requires them to be intimately related. Nevertheless, calculation shows that, for a physical
solution, condition ii) must be satisfied. This strong confirmation leads to a photon tensor which can also
satisfy condition iii). One cannot help feeling that nature has a way to made things work.

The necessary inclusion of a photon tensor demonstrates a connection between relativity and quantum
theory. It is interesting to note that both general relativity and the concept of photon were proposed by Ein-
stein. As shown, these two seemingly unrelated theories may actually be inextricably related.

The modified source in Einstein equation implies that an energy—-stress tensor of photons consists of two
parts. One part is associated with the electromagnetic wave, and the other part provides for space-time
curvatures of the gravitational wave components. However, for a circularly polarized wave, the gravitational
wave component can be zero. Thus, in general relativity, some forms of energy do not geneirate
ghravity. For electromagnetic waves, gravity is generated by only a very small portion of the total energy.
This shows that there are intrinsic differences between general relativity and Newtonian gravity.

This new source form indicates that the radiation would reduce gravity. This suggests that gravitational
radiatioin would also have an anti-gravity coupling. Consequently, for an energy-stress tensor T(m)yy of

massive matter, the Einstein equation should be modified to the following form (see also §5):

Cuu SRy = 7 guuR = = K [T(m),y - t(g) vl (4.26)
where t(g)u\J is the energy-stress tensor for gravity. Then, V“G“\, = 0 implies both conservation laws,
V”T(m)“\) =0 and Vi t(glyy = O, (4.27)

because of the sign difference between them. Thus, eq. (4.26) remains compatible with the equivalence
principle. If gravity is generated by massive matter, then k t,,, is expected to be of second order.

Eq. (4.26) further manifests that there are mechanisms which would reduce gravity (see also §6). As
the intensity of gravity increases, the gravity energy-stress tensor also increases. Then the anti-gravity coupl-
ing is a feed back mechanism which would restrict the intensity of gravity. One should note also that the
Schwarzschild solution as well as Newtonian theory, excludes effects due to the radiation and other interac-
tions. Therefore, for a contraction due to very strong internal gravity, the effective mass M in the sch-
warzschild solution may not be invariant. Moreover, the gravitational energy and high pressure would trigger
interactions which may not be possible otherwise. For example, as discussed above, the intensity of gravity

would be considerably reduced if large amount of high energy radiation could be generated.
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5. Gravitational Radiation and Modifications in the Einstein Equation.

Ceneral relativity suggests the existence of gravitational waves whose existence is due to phyiscal con-
siderations which are independent of Einstein equation [40]. Although gravity waves have never been directly
observed, there is indirect evidence which supports energy loss by gravitational radiation [7,14]. While Ein-
stein's radiation formula is supported by the observed data [14], one should not consider this as a verifica-
tion of Einstein's gravitational radiation theory because his theory does not produce the radiation formula in a
self—consistent manner [7,15,17]. Instead, one should first identify the problems in its derivation and und-
erstand their theoretical implications. Accordingly, one may develop a theory to support the formula.

Here, it will be shown that his radiation formula has important implications. It is concluded that,
because of radiation, the source tensor is necessarily non-zero in a vacuum. The gravitational energy-stress,
as conjectured in §4, is indeed a tensor with an anti-gravity coupling. And Einstein's notion is only an
approximation. Moreover, Einstein's radiation formula can be supported within the theoretical framework of
general relativity. Concurrently, it is founded that linearized gravity is not justifiable in terms of mathematics
alone [18]. This supports Einstein's [17] observation that linearized gravity is not reliable.

Einstein's formula is based on a gravity pseudotensor [9]. As such, it has been proven by Denisov et.
al. [13] that his formula is not an invariant; and the rate of energy emission, depending on the choice of the
coordinate system, may be positive, negative or zero. Thus, it seems, only a covariant theory can be self-
consistent. Although a covariant theory would not produce exactly the same radiation formula, as far as

agreements with data, it is sufficient to show that the rate of energy loss, on the time average, are the same.

5.1. Einstein's Radiation Formula and the Problem of Self—Consistence.
To develop a supporting theory, let us first identify the causes of inconsistence in the derivation. In

terms of the deviations Y, (= g,, — N,,), Einstein equation (3.4) and gauge (3.5) are linearized to

1 _
GV = - KT(m),,, where G, 1 = 53837, + H,M, (5.1)
where
1 — _ 1 _
Hab(” = - Tac[aa’rbc + abTac] + Tnabacad'}(cd;
and
- _ 1
adYab =0, where Yab = rYab - 7 nab'Y , and T = nabyab . (5.2)

The Linearized “gauge” (5.2) sufficiently reduces (5.1) to the linear equation,
1 _
2098 = - KT(m),,. (5.3)

Note that linear eq. (5.3) is similar to eq. (3.3a). Thus, eq. (5.3) can be justified on physical considerations
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which are independent of lineaized gravity. It follows from eq. (5.2) and eq. (5.3) that exactly
82 T(m),, = O, (5.4)

Note that the linearized conservation law (5.4) is also implied directly by eq. (5.1) since 382G, (V) = 0.

On the other hand, the effective gravity pseudotensor [7], to second order, is equivalent to
tab = C'ab(z) /K, Where Gdb(Z) = Gab - C’abﬂ)‘ (5.5)

Then, the rate of energy loss due to radiation is (7]

dE 1
-gt = $40dsk = © [G,(2dsk, where E = [t ,d3x + [T,.d3x (5.6)

To evaluate formula (5.6), one solves eq. (5.3) without using eq. (5.2), and obtain

(x' = y)2 (5.7)

_ K 1
Tu(dt) = “ZTIRTH [ (R &y where R = T

™ w

i
In the far field from the source, eq. (5.7) can be approximated by using the lineanized conservation law

(5.4) to establish relationship between different components of Ty, and obtain

_ K 1 92 ,
T* = - 2T T g2 100 X dx (5.8)

Based on eq. (5.8), the rate of energy loss formula (5.6) becomes

dE G . ..
- dt = 45 (94 9") 20 (5.9)

where Gy i the quadrupole moment. Eq. (5.9) is the famed "quadrupole radiation" formula.

But, Finstein's theory is not self-consistent. As pointed out by Wald [7] and Yu [15] that the linear—
ized conservation law eq. (5.4) implies that “two stars would not orbit each other but would move on
geodesics of the flat metric.”" This means ﬁ'jk is zero and therefore no gravitational radiation. The usual for—
mula for the rate of change of orbital period has been derived by assuming eq. (5.9) without reference to eq.
(5.4) and the analysis by Peters and Mathews [41] is based on Newtonian orbits. That derivation is illegiti—
mate as eq. (5.9) has been derived from eq. (5.4).

However, since both Einstein's equation (3.4) and eq. (5.9) are supported by experiments, understand-

ably one would conjecture that this could be a matter of improving the approximation on eq. (3.4) since the
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objection is based on an approximate equation. But, for the problem of gravitational radiation, eq. (3.4) and
eq. (5.3) are actually not compatible as noted by Einstein (17] in 1936 (see §5.2). Inevitably, all efforts
based on improving the approximation methods are proven to be futile, and Damour (16] remarked that
“"nearly all aspects of approximation methods need to be thoroughly re-investigated." Nevertheless, it is clear
that the radiation formula is intimately related to eq. (3.4). Therefore, one may ask can eq. (3.4) be
modified to accommodate the radiation formula?

To have radiation, as point out by Wald [7], one must obtain a gravitational acceleration. From
0 = V,T(m)ab = 8,T2b + T Tac 4+ [ Teb, (5.10)

one can see that, for a first order approximation of the metric, the conservation faw is accurate to the second
order. Thus, a first order approximation of the metric, would describe the gravitational radiation. Moreover,
due to weak gravity, eq. (5.10) can replace eq. (5.4) in obtaining eq. (5.8). In this alternative derivation,
the accuracy of G, (?), up to second order of deviations, remains the same. Thus, the linearized conservation
law (5.4) is indeed not needed to obtain the radiation formula (5.9).

However, eq. (5.4) is implies by the linearized eq. (5.1). Moreover, although his radiation formula is
based on the subsequent eq. (5.3), "gauge” (5.2) still implies eq. (5.4). Thus, Einstein's formufa is not only
independent of, but inconsistent with linearized gravity. Therefore, eq. (5.3) should be justifiable without
using eq. (5.2) and eq. (5.1) (see §5.4). Then, analysis by Peters and Mathews would become valid. In next

subsection, it will be shown that, eq. (5.3) is, in fact, incompatible with eq. (3.4) because of radiation.

5.2. Validity of Linearized Gravity and Einstein's Radiation Formula.

Linearized gravity is actually based on implicit assumptions: i} an Einstein equation G,, = -KT,,, has a
physical solution; ii) in G, the sum of first order terms has the lowest order; and iii) the linear gravity
equation provides an approximation for Einstein equation; iv) the gauge is valid for any physical problems.

The invalidity of assumption iv) has been proven in §2. If one believes the linearized gauge because of
its similarity with the Lorentz gauge, he should note that classical gauge invariance has been proven to be
incompatible with experiments [42,43]. The static dust model, which provides no balance to gravity, actual-
ly does not have a physical solution [18]. Nevertheless, from linear eq. (5.3), Newtonian gravity is obtained
with the static dust model. To understand this, one must realizes that the dust model is a #fnearization of
the perfect fluid model. In other words, Einstein equation and its related linear equation may necessarily have
different source tensors. Note that eq. (5.3) and Einstein equation have different physical meanings (see also
§5.4). Also, there are exact solutions for which assumption ii) is not valid [6,18].

It will be shown that assumption iii) may not be valid even if ii) is valid. Concurrently, this will also
show that Einstein's radiation formula is incompatible with the current Einstein equation (3.4). To determine

whether (5.7) is a valid approximation, let us write Einstein equation (3.4) alternatively,
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1 _ -
Tacac'}rab = _KTab’ (5.11)

where

T =Ty + Tap where T = (HM_ + G2 )/K .

a

Then, a formal solution would be

_ ) K 1. ]
Yo (X t) = =277 SR T [y, (1-R) ] d3y, (5.12)

If T, is non-zero only in a finite region, then it is not clear whether the contribution of T, (which may be
non-zero almost everywhere) is negligible although, for a static case, T}, would be negligible.
However, for radiation, the contribution of T diverges if one assumes that solution (5.7) is a valid

approximation. Due to radiation [2,7,19], at large r,

1
Hy + Gy ~ O(.—r—;) : (5.13)

The contribution of T, to Y, (x',t) would be

‘ 1 1 1
Du(x',t) = 'ﬁxﬁ [H“)“+C(2)u]d3y = -2m “ + S ] (5.14a)
r<a r>a
Then,
dQ 1 dr
X ~ S —-r—(————z)ﬂdr = 41‘(S e (5.14b)
r>a r>a r r>a

for large a and x' near the origin. Thus, (5.14) may not be negligible if the source has been emitting waves
long enough (2], and divergence would occur 50 dong as the source i non-zero ondy in a finite
negion. This is also a problem in an alternative theory by A. Logunov and M. Mestvirishvili [13].

The above considerations imply that this problem of divergence cannot be removed by improving the
approximation of eq. (3.4). The divergent contribution must be canceled by an additional source tensor
Kt(g).,,, which must be of second order and non-zearo almost everywhere in vacuum. From the viewpoint of
physics, t(g),, should be the energy-stress tensor for gravity. Moreover, since the term (5.14b) has nothing
to do with the emmision process [2], physically this term should not appear in the solution. Thus, Einstein

equation (3.4) must be modified since eq. (5.3) is justified by his radiation formula.
5.3. Observation and Modifications in the Einstein Equation.

Since the existence of gravitational waves is independent of Einstein's equation [40], its modification is

feasible. Since such waves should carry energy-momentum [44], one may expect that the source tensor in a
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vacuum should be non-zero. This means that a source tensor due to gravity energy—-stress tensor must exist.
Moreover, such a tensor should have an anti-gravity coupling since gravity should not be self-generating.
Fortunately, the radiation formula precisely confirms these. For simplicity, let us assume, for the moment,
that eq. (5.2) were valid. Based on eq. (5.3}, the modification steps are as follows [19]:

1) t,(g), the effective stress—energy tensor of the gravitational field, is actually a tensor. The assumption

that G, (1) = 0 in vacuum is equivalent to
C, = (;abm + (;ab(Z) = Kt (g) . (5.15a)
Therefore, t,, is actually a tensor although its approximation appears in eq. (5.5a) as a pseudotensor. This

means that the covariant nature of general relativity is maintained.

2) The coupling of t, (g) is anti-gravity. Eq. (5.15a) means that the factual assumption in vacuum is
T = —tp(8) - (5.15b)

Eq. (5.15b) means that the tensor t,, has an anti—gravity coupling as conjectured in §4.
3) Eq. (5.15a) and eq. (5.15b) imply that Einstein equation must be extended to the following form,

1
Rab = 2 Rgyp = = K[Tp(m) = t(g)] = - KT, (5.16a)

where T, (m) is the stress tensor for massive matter and t,, (g) is for the field energy.

4) Eq. (5.16a) implies
Ve T,,(m) = 0, and Vo, (g) = O. (5.16b)

Because of the difference in coupling signs, energy-momentum conservation requires that T, (m) and
t,,(g) are conserved separately. Also, this would be demanded by the principle of equivalence.
Note that t,, (g), being an energy~stress tensor, is not a geometrical part. Due to different theoretical consid—
erations, there are competing theories [25,45,46,47] of which a second order non-matter term is present
in the source. But, there was no anti-gravity coupling. What is new is that éoth the piesence of £t (g)
and its anti-ghavity coupling are necessary due to the Taylor-Hudse eaperiment [14].
But, eq. (5.2) is actually not valid. Then, according to (5.3) (see also §5.4), one obtains

Kt(g)p = Gl + Hyth, (5.16c¢)

Eq. (5.16c) implies that eq. (5.6) would be modified. However, if the motion is periodic, on the time
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average, the tensor component t, o (k = x, y, z) remains essentially G,(?}/K as assumed earlier. It will be

shown in next subsection that the radiation formula can be derived from eq. (5.3).

5.4. Maxwell-Newtonian Approximation and Einstein's Radiation Formula

Physically, eq. (5.3) gives the direct influence of the massive source to the field. Whereas the right
hand-side of eq. (5.16¢) represents the field self-interaction; t(g),, is the field energy-stress. Eq. (5.3)
implies also that a gravity wave propagates with the speed of light. Given a particle moving along a geodesic,

eq. (5.3) would be the natural extension from Newtonian theory. For clarity, eq. (5.3) is rewritten as,
08 Y, = -2KT,p(m). (5.17)

Note that linear eq. (5.17) is now an approximation of eq. (5.16). Obviously, eq. (5.17) is not covariant
with respect to all physical coordinate systems. ft is an approximation after the coordinate system has been
chosen. The asymptotic flatness of the metric is the implicit gauge. Mathematically, eq. (5.17) is due to the
necessary approximate cancellation of the second order terms, and therefore is not a simple linearization (see
§5.2). For the case of an electromagnetic plane wave, eq. (5.17) is exact since T(m),, = O.

Moreover, eq. (5.17) is justified on its agreements with experiments [48-50]. For a static mass dis—
tribution, it produces Newton's law of gravity. For non-static case, it produces Einstein's radiation formula.
To be distinct from linearized gravity, eq. (5.17) shall be called the Maxwell-Newtonian approxima-
tion. The validity of this approximation will be further tested in the Stanford Gyroscope experiment [21].

Now, it remains to show that eq. (5.17) provides the required approximation as follows:

i) For self-consistency, it is necessary that according to eq. (5.16), eq. (5.17) gives indeed a first order
approximation. (Thus, V,T2d(m) = O is satisfied to second order.)
if) To support a radiation formula, eq. (5.17) must imply, to second order, 9,t*d ~ O .

It follows from eq. (5.17) that

1 _

508 L, ~ - KB8T, (m), where L, = 837,,. (5.18)
Since V2T(m),, = 0, K82T(m),, are second order of deviations. It follows from eq. (5.18) (or solution
(5.7)) that L, are also second order. This implies, from eq. (5.16), that up to first order of deviations,
88.T7,, = - 2K[T,,(m) - t,,]. Due to the required compatibility between eq. (5.17) and eq. (5.16),

t(g),, must be of second order and essentially cancel the other second order terms. Thus, i) is proven.

From eq. (5.17), lengthy but straight forward calculation shows, up to second order,

1 1
acccd ~ [-z_acYaand -7 aynbd - aa'de] [‘KT(m)ab]' (5.19a)

26



It follows from eq. (5.16) that eq. (5.19a) implies, to second order,

8,td ~ 9, T(m)ad + T4 T(m)2b + 'y T(m)db = 0. (5.19b)

Thus, ii) is proven. Therefore, as required, the Maxwell-Newtonian approximation is physically valid.

Since 92C, (") = 0, eq. (5.16) implies
Cab(Q)/K + Tab(m) = tab(g) - Cab(ﬂ/K (5.208)
and
842G, (2K + 83T (m) = B3, (g). (5.20b)

From eq. (5.20b), owing to 82t =~ O up to second order, 382G, () would relate mainly to the energy-
momentum of matter as its source while, in a vacuum, 82C_,(?)/K is equal to 33, (g). In other words,
gravity energy and the motion of particles influence each other mainly through geometry.

It follows from eq. (5.20) that approximately
dE 1 . 1
- gt = to(g)dsS? = £1G,,(Pds? - 2 §(8,L, + 8,L,)dse. (5.21)

The second integral comes from 982G, () = 0. Since such a relation is independent of the physical process,
from the viewpoint of physics, the second integral is irrelevant. In fact, based on solution (5.8}, the time
average of the second integral is zero. Then, eq. (5.21) is reduced to eq. (5.6). Also, since t_, is of second
order, eq. (5.16) would maintain the agreements with previous experiments. Thus, this modification process is

self-consistent and valid, and Einstein's radiation formula is unequivocally due to general relativity.

5.5. Gravitational Energy-Stress Tensor and the Principle of Equivalence.

Now, the verification of Einstein's radiation formula settles that the current Einstein equation is only a
static approximation. Also, the implicit assumption that the source is zero in a “vacuum", is actually invalid.
One may ask, however, whether t(g),, is compatible with the equivalence principle. This question has al-
ready been answered by Einstein himself in 1954. In his article, 'Redativity and the Piroblem of Space’,
Einstein [35] added the crucial phrase, “at least to a first approximation” on the indistinguishability between
gravity and acceleration. Note that whereas a geodesic equation requires only first order derivatives of the
metric; the Einstein tensor, which equals to Kt(g),, in a vacuum, requires second order derivatives.

Also, it is interesting to note that eq. (5.16a) can be considered as a modification of the suggestion of
Lorentz and Levi-Civita, which Einstein rightfully rejected [9]. The modified field eq. (5.16) is not exactly
completed, since only an approximation of t,, (g) can be obtained through eq. (5.17). Nevertheless, owing to

this anti-ghavity coupling is verified by experiment, its implication on space-time is important (see §6).
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6. Anti—Gravity Coupling, Motion, and Space and Time.

Defiance of gravity captures human imagination because everything, except light, is earth—bounded. This
universal attractiveness is manifested in Newton's theory in terms of a universal gravitational coupling
constant. Unlike charges in electrodynamics, a negative mass is against Newton's third law of motion because
the resistence to acceleration is also due to mass. Thus, an anti-gravity coupling is not possible. But, light is
not subjected to Newtonian gravity. From observation, lights seem to able to ignore gravity, and light up the
sky. Then, Einstein told us that anything, including light, moves along a geodesic. But, Pauli (9] pointed out
that in general relativity an anti-gravity coupling is allowed. Thus, light may still be an exception.

In general relativity, gravity may not always be attractive. A gravitational force can be attractive for
long distances, but is replusive for short distances as indicated by the Reissner—Nordstrom metric (2,77,

2M i 2M 2

ds? = (1 - 77+ Tp)d? - (1 - + %)-1(,,2 - r2dQ2, (6.

where q and M are the charge and mass of a particle. Note that the gravitational force changes sign at r =
q%/M. (Such a short distance is possible for the electron.)

Moreover, since motion is described by geodesics, a classification in term of attractiveness and repulsi-
veness may not always be meaningful. Although the motion of a massive particle manifests the characteristics
of an attactive force, the motion of a massless particle does not show the same characteristics. As shown by
the Schwarzschild solution, the motion of a massive particle bends toward the center of attraction; and its
energy, momentum, and speed all increase (decrease) as the particle gets nearer to (farther from) the
center. But, photons which are massless, are different. While the energy of a photon increases when it gets
nearer the center, its momentum does not; and its speed actually decreases (see eq. (3.6)). Thus, if anything
has an anti-gravity coupling, it should be the photons; and for the same reason, other massless particles. It
has been shown in §4 that the coupling of photons, indeed, has a different sign.

Since the source determines the space-time structure, any seemingly natural assumption on the source
should be carefully analyzed against experiments. Being a theory which abandoned naive visualizations, if it
is not based on analysis of the agreement between observational data and mathematical quantities in a theo-
retical formalism, general relativity can be a victim of over extrapolation. Weisskopf [51] commented that
“The existence of black holes follows from an extrapolation of Einstein's theory of gravity by many orders of
magnitude beyond the range for which its validity has not yet been established beyond doubt”.

In this section, the couplings of energy-stress tensors are considered from the theoretical framework of
general relativity and experiments [14,48]. It is concluded that the anti-gravity coupling is crucial in under-
standing general relativity, and the singularity theorems [7] are based on invalid physical assumptions. The
“theoretical existence" of black holes is actually based on over extrapolation of inadequate modeling. More-
over, not only is there no compelling reason which leads to black holes; but recent theoretical developments

suggest that the rejection [52] by Eddington and Einstein would be correct.
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6.1. Anti—Gravity Coupling and Duality.

Einstein eq. (3.4) requires only that the source Ty, is divergence free. Since a divergence free tensor
can be added to the source without changing the equation of motion, the appropriateness of the source can be
determined only from its solutions. Moreover, the sign and the numerical value of a coupling constant remain
to be determined by experiment [9]. Nevertheless, energy—momentum conservation requires that different

matters which share the same equation of motion should have the same coupling sign. Then, it follows that

1
G =Ry = 7 guR = - KTy = =K (TN = T(A], (6.22)

where T(N),;,, and T(A)y denote the energy-stress tensors of matter and anti-gravity matter. Since
Ty = T(N)yy — T(A)y, where T(N), > 0 and T(A), > 0O, (6.2b)

the time-time component of T}, is no longer always positive (see §4 and §5).

Due to energy-momentum conservation, these two tensors separately satisfy
V“T(N)W =0, and V“T(A)W = 0. (6.3a)

However, eq. (6.3a) does not mean that these two classes of matter do not interact. They interact through the

geometry of the space-time as follows:
UGy + KT(N) ] = KBUT(A),y (6.3b)

Thus, all matters interact with each other through possibly different forms of interaction.

For example, in principle, an electron can interact with photons through eq. (6.3). However, since each
term conserves separately in a local minkowski space, one sees an electron interacts with the associated
electromagnetic field. Thus, anti-gravity coupling implies the necessary existence of duality. It would be

possible that gravitational wave and the gravity energy-stress tensor could be a similar type of duality.

6.2. Anti-Gravity Coupling and Gravitational Radiation.

Since all massive matters interact with an electromagnetic field, matter with an anti-gravity coupling
must be massless and neutral. Since radiation is related to massless particles, anti-ghavity coupling
shoudd be associated with radiation which may include the neutrino. Therefore, in general,

T(A) = ghVT(A),y = 0. (6.4a)

and
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T = gtVT,, = gHVT(N);y = 0. (6.4b)
It follows that, in eq. (5.16) the trace of the gravitational energy-stress tensor,

t(g) = ghVt(g)yy = O (6.5)

To verify this relation with a special case, let us consider a circularly polarized gravitational plane wave.
From Appendix A, the components of the Einstein tensor satifies G, = G,, = -G, > 0, and other
components are zero. Thus, eq. (6.5) is satisfied due to eq. (4.3b). The requirement of anti-gravity coupling
is also verified because the time-time component of an energy-stress tensor is positive. In the literature (8],
there are wave solutions which do not relate to an anti-gravity coupling. However, these solutions violate
causality as well as the principle of equivalence (see also §3 and §4).

Moreover, physical considerations imply that there should not be any physical gravitational wave which
satisfies the Einstein equation, R),, = O for an empty space. In the literature (8], there is no such propagat-
ing wave solution. Nevertheless, Au, Fang, and To (53] recently obtained some soliton wave solutions for
Ryy = O. Their related gravitational energy-stress pseudotensor is non-zero. Although, these waves are not
connected to a source, they seem to support the incorrect belief that energy could possibly be transported in
spite of the source of Einstein's equation being zero in a vacuum. But, analysis shows that these solutions also
violate the principle of equivalence. This illustrates that the necessary association 0§ the anti-gravity
coupling with a radiation 5 another profound consequence of the equivalence pruinciple.

6.3. Anti-Gravity Coupling and Singularity.

In physics, a singularity (or infinite) is usually either a convenient idealization such as the §~function
or an indication of imperfectness of the theory such as an renormalizable infinite in QED. However, in
current cosmology, a mathematical existence of singularities in space-time is considered as the evidence for
the “inevitable" collapse of a super star to a black hole or its reverse, the big bang beginning of the universe.
Moreover, it was claimed that general relativity would inevitably break down, and therefore quantum theory
is the ultimate theory. It will be shown that these singularities are actually due to inadequate modeling.

In 1922, the Russian mathematician Alexander Friedman solved Einstein's equation and came up with an
expanding universe model. His basic assumption is that the universe is isotropic and homogeneous. In spite of
his questionable highly idealized assumption, Friedman's model gained creditability because Hubble's observa-
tions can be interpreted as supporting an expanding universe [7]. Also, its extrapolation would mean that
there was a singular epoch in the past in which all the matter of the universe was concentrated into a single
point. This creation of the universe was not taken seriously because the real universe contains irregularities
which might grow large and cause the individual particles converging to miss each other. In fact, most people

thought that there was no beginning (54]. But, the theorems of Hawking and Penrose, which show the
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necessary existence of singularities under some very broad assumptions, made the Big Bang and black holes
not just plausible but even necessary. However, given the overall complexity of the universe and their drastic
conclusions, the validity of their assumptions should be examined.

Historically, theorists often have a tendency of over extrapolating the valid range of physical assumpt-
ions. Hence, it would be reasonable to assume that the physical assumptions of Hawking and Penrose agree
with theories then and are compatible with experiments previous to 1965. Theoretically, gravity of radiation
was still on the wrong track as shown in the work of Peres (1960) and Bonnor (1969). It is known [(17]
that Einstien's equation does not give gravitational radiation. Experimentally, no evidence of gravitational radi-
ation was observed until the experiment of Hulse and Taylor, performed in 1973. Moreover, the significances
of this binary star experiment had not been fully appreciated [18,19]. Thus, their problem would be related
to radiation. Indeed, their physical assumptions are not valid due to the existence of anti—gravity coupling.
Thus, if one does not believe in sigularity, the singufarity theorems of Hawking and Penrose can be
interpreted as necessitating the eaistence of the anti-gravity coupling.

For reference, the singularity theorems shall be listed below. In these theorems, the code for a singul-

arity is an incomplete or inextendible geodesic. The relevant theorems [7] are:

Theorem 1. Let (M, g;,,) be a globally hyperbolic space-time with R, ,EHEYV < 0 for all timelike EH,
which will be the case if Einstein's equation is satisfied with the strong energy condition holding for matter.
Suppose there exists a smooth (or at least C?) spacelike Cauchy surface X for which the trace of the
extrinsic curvature (for the past directed normal geodesic congruence) satisfies K < C < O everywhere,
where C is a constant. Then no past directed timelike curve from I can gave length greater than 3/|C]. In

particular, all past directed timelike geodesics are incomplete.

Theorem 2. Let (M, g,,,,) be a strongly causal spacetime with ngugv < 0 for all timelike EX as will be
the case if Einstein's equation is satisfied with the strong energy condition holding for matter. Suppose there
exists a compact, edgeless, achronal, smooth spacelike hypersurface S such that for the past directed normal
geodesic congruence from S we have K < 0 every on S. Let C denote the maximum value of K, so K < C <
0 everywhere on S. Then at least one inextendible past directed timelike geodesic from S has length no
greater than 3/|C].

Theorem 3. Let (M, 8v) be a connected, globally hyperbolic spacetime with a noncompact Cauchy surface
L. Suppose R ,kHkV = 0 for all null kM, as will be the case if (M, g,,,) is a solution of Einstein's equation
with matter satisfying the weak or strong energy condition. Suppose, further, that M contains a trapped
surface T. Let 8, < O denote the maximum value of 8 for both sets of orthogonal geodesics on T. Then at

least one inextendible future directed orthogonal null geodesic from T has affine length no greater than

2/|6,].
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Theorem 4. Suppose a spacetime (M, g,,,)) satisfies the following four conditions. (1) RU\,CUCV < 0 for all
timelike and null CH as will be the case if Einstein's equation is satisfied with the strong energy condition
holding for matter. (2) The timelike and null generic conditions are satisfied. (3) No closed timelike curve
exists. (4) At least one of the following three properties holds: (a) (M, g;,)) possesses a compact achronal
set without edge [i.e. (M, gw) is a closed universe], (b) (M, 8uvu) possesses a trapped surface, or (c)
there exists a point p € M such that the expansion of the future (or past) directed null geodesics emanating
from p becomes negative along each geodesic in this congruence. Then (M, g,,,) must contain at least one

incomplete timelike or null geodesic.

The first two theorems established timelike geodesic incompleteness. The third theorem due to Penrose [55],
proved null geodesic incompleteness in the context relevant to gravitational collapse. On the other hand,
Theorem 1 and Theorem 3 could also be interpreted as showing the universe is not globally hyperbolic. In
Theorem 4, which is due to Penrose and Hawking [56], the assumption of globally hyperbolic is entirely
eliminated, and thus would have much wider applications. Also, Theorem 4. has been strengthened by adding
a fourth alternative to condition 4 [57]. A common physical assumption in all these theorems is that the
Einstein's equation satisfies either the weak or the strong energy condition.

Howeven, these energy conditions are actually due to inadequate modeding in the curient
theory, and is not vatid for generad relativity due to radiation. To show this, let us rewrite Eins—
tein's equation (3.4) as Ry, = = K [Ty - g,uT/2]. Then, for any timelike EH, one has

RywEYEY = -K [T, ,EHEY - T/2], and Ry ,kMkY = K [T kHkV] (6.6)

for any null vector kM. A necessary condition for either expressions in (6.6) to be non—positive is that the
time-time component, T,, = 0. But, this is possible only if there is no anti-gravity coupling. Thus, these
theorems can be interpreted as stating that, under some general assumptions on the universe, the existence of
singularities is inevitable if there is no radiation. But, there are radiations in nature. Similarly, the supposedly
inevitable complete gravitational collapse is also due to inadequate modeling. The perfect fluid model is crude

and does not adequately account for the gravitational energy-stress tensor or radiation.

6.4. The Question of Black Hole and Gravitational Collapse.

On the strength of the singularity theorems, many cosmologists believed [58] that "The general theory
of relativity has forced physicists to take black hole seriously. No one who accepts general relativity has found
any way to overturn the prediction that black holes can form from the gravitational collapse of sufficiently
massive objects and that they ought to exist in the universe." Now, it turns out that the supposedly strongest
argument is, in fact, invalid. Moreover, if gravity can produce radiation and even cause an explosion, as

suggested by Hawking, there is little reason to believe that these would not happen before a star reach a black
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hole state. If they do happen, why such a star must form a black hole first? Thus, one should ask “are there
enough justifications to consider black holes as a possibility in reality?"

A rather interesting description of black holes is given by K.S. Thorne [58] as follows: “Of all the
conceptions of the human mind from unicorns to gargoyles to hydrogen bomb, perhaps the most fantastic is the
black hole: a hole in space with a definite edge over which anything can fall and nothing can escape; a hole
with a gravitational field so strong that even light is caught and held in its grip; a hole that curves space and
warps time." This may explain why Eddington, the leading authority on the structure of stars, exclaimed
[52] that "I think that there should be a law of Nature to prevent a star from behaving in this absurd way!"
Einstein also claimed that stars would not shrink to zero size. But, some followers were not convinced.
6.4.1. Black Hole and Newtonian Gravity.

The idea of a black hole was actually originated from Newtonian gravity. In 1783 the British natural
philosopher John Michell theorized that there could be a strong enough gravitational attraction to recapture all
the star's radiation, including light [52]. In 1796, the French natural philosopher Pierre Simon Laplace
wrote "It is possible that the largest luminous bodies in the universe may actually be invisible."

If gravity is only attractive but nothing else, gravitational collapse is inevitable when there is insufficient
energy of other forms to counter gravity. The life of a star would be described as essentially a tug-of-war
between gravity and the outward-directed force of its heat and radiation which is maintained by energy
supplied by other interactions taking place within the star. When all forms of energy supplies are exhausted, a
star would be mainly supported by "cold matter” pressure. If the mass of the star is sufficiently small, the
star simply cools down and remains in equilibrium. However, if the mass of the star were greater than the
cold matter upper limit, the star would have to undergo a gravitational collapse. Once gravitational collapse
started, what prevents it from continuing forever, and the star crushing itself down to an infinitesimal speck
containing all its matter, a single point of infinite density? When the star collapsed to a single point, the
gravity became infinitely strong in the neighborhood and naturally nothing can escape would be the conclusion.

This scenario includes two implicit assumptions: 1) Interactions are triggered through heat and pressure,
but not by gravity directly; 2} Strong gravity would not generate resistence in the collapsing process. These
two assumptions are explicitly included in Newtonian gravity, but not in general relativity. Nevertheless, the
influence of Newtonian theory lingers. Although the cause of gravity is extended to all energy forms, it was
incorrectly believed [52] that all energy has a mass equivalence in gravity (see also §2). Since the Sch-
warzschild solution, which is a result of ignoring effects due to other interactions, seems consistent with this
picture, diverse gravitational effects due to different energy forms were inadequately investigated.

6.4.2. Gravitational Collapse and the Modified Einstein Equation.

The above two assumption could be valid in general relativity if gravitational energy-stress were not
localized. However, as discussed in §5 and shown in eq. (5.16), gravitational energy-stress is localized. A
localized gravitational energy would trigger interactions directly. Therefore, the inevitable complete gravita-

tional collapse is actually a manifestation of the remnant influence of Newtonian Theory (see also §7).
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Moreover, if an Einstein equation contains the equations of motion, its source term should have the
information of the interactions involved. If gravity can trigger an interaction, there should be a gravitatioinal
energy-stress tensor in the source. To prevent a runaway self-generating, this tensor should have an anti-
gravity coupling (see §5). This is also a mechanism which reduces and suppresses gravitational intensity and
thereby resists gravitational collapse (see also §4.7). An observable effect of this mechanism is that for
agglomerations of gas and dust to shine as stars, the minimum mass would be considerably larger than that in
the current theory. Now, the law of Nature that Edington looked for, seems just general relativity.

6.4.3. Gravitational Collapse and Supernova.

It is difficult to imagine that matter cannot be transformed under intensive gravity especially if one
believes in the possibility of a complete gravitational collapse. As discussed earlier, different kind of matter
may not generate the same effect on gravity. Under extreme pressure, strong gravity may trigger interactions
which are otherwise impossible. Such interactions would transform massive matter to different forms, provide
the pressure to resist "gravitational collapse” and also alleviate the intensity of gravity. Thus, massless matter,
(i.e. photons, gravitons, and possibly neutrinos) would be generated since, as discussed in §6.1 and §6.2,
only the creation of massless matter could reduce gravity; and radiation would provide pressure and heat.
These considerations could lead to an alternative scenario slightly different from the current theory.

If the required conditions are high pressure and high intensity of gravity, these interactions would occur
in between the center and the surface of a star. The resulting high temperature and high pressure would
"melt" a middle shell and form a core which would collapse to neutrons inside the star since a neutron star is
in a stable state [7]. On the other hand, the outer layer is getting weaker since its massive matter, due to
gravity attraction, would keep joining the “melting” zone. The net effect of such interactions reduces gravity
but increases pressure to the outer layer. Thus, such an "over heat" due to intense gravity cannot be stable,
and would eventually lead to a star explosion. Such an explosion would likely occur when the core is
collapsed to neutrons because of the large and sudden increment in pressure and reduction in gravity to the
outer layer [59]. Such an explosion would be violent, but leave a core of neutrons intact. The high energy
radiation and plasma will be released with the explosion and the star would become a supernova.

In conclusion, in general relativity, a black hole is not an inevitable end for a super star. Also, it is un-
likely that the gravity of a star can be so strong that even light cannot escape. On the contrary, a super star
would have a glorified death. This version of gravity collapse is more realistic and provides a plausible ex-
planation for the creation of supernova type Il. The idea that gravity, which is initially an attractive force, is
the primary cause of a star explosion may seem strange. But, this is in perfect harmony with the time-tested

principle that things, when carried to the extreme, would inevitably go to the opposite ( ).
6.5. On Expansion of the Universe.

Modern astronomy, started from N. Copernicus (1473-1543), T. Brahe, and J. Kepler, is based on

detailed observation and analysis. They discovered that the earth and planets orbit around the sun, and their
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universe is not only orderly but peaceful. However, the supernova of July 1054 (whose remains is the Crab
Nebula), was observed by the Sung imperial astronomers. Then, details of heavenly violences are observed
with the telescope and more violences were discovered by radio—wave/X~ray observations.

Now, it is conclusively clear that the heaven is not static but dynamic. Stars are born and die sometimes
violently. Thus, it is not surprising that we live in a part of the universe which is contracting or expanding.
However, to conclude that the whole universe is expanding is a different matter. Moreover, based on an
expanding state to conclude that the universe started from a pointed big bang, is an unprecedented dubious ex-
trapolation in science (see also §6.3) since the singularity theorems have been proven to be irrelevant.

Currently, it seems, the strongest evidence to support global expansion of the universe is the Hubble's
law. (This interpretation is rejected by Hubble himself [60].) However, one may not be sure that these red
shifts of lights are due to speeds of the sources unless one can verify these velocities independently. For inst-
ance, one might attribute the red shifts as due to energy losses in the long travelling, and one would potent—
ially get a new law in physics. Given the over all complexity, the extreme conditions, and the vast scale of
the universe, it is difficult to assure that the laws of physics, which are discovered on earth, would cover all
large scale problems in the universe. In short, there is no conclusive evidence for an expanding universe.

Nevertheless, the question of the structure and the origin of the universe is one of the most exciting
topics for a scientist to deal with. It reaches far beyond its purely scientific significance, since it is related to
human existence, to mythology, to philosophy, and to religion. All theories of the cosmos must be somewhat
hypothetical because it is very hard to make empirical observations regarding the totality of the universe, and
therefore one does not know whether the real facts have been caught. However, if scientists have to be right

all the time, there would not be science. What required for a scientist is to be sufficiently objective.

7. Conclusions and Discussions.

In Newton's theory, time and space are independent. However, even before Newton, the close relationship
between time and space is recognized because the motion of matter must be understood in terms of both. For
example, the Chinese considers the universe as the space-time (Yu—-Zhou). In special relativity, based on the
constancy of light speed, space and time are understood in terms of a four-dimensional linear space with a
constant indefinite metric [61]. Also, time is no longer unrelated to motion because the space-time coordin~
ate system depends on motion. Nevertheless, the characteristic of space-time, the metric, was independent of
the motion of matter. This deficiency is manifested by the fact that special relativity is incompatible with
gravity. Based on the equality of inertial and gravitational mass, which was developed as the principle of
equivalence (see also [46]), this deficiency is removed by Einstein in his general theory of relativity, in
which gravity is a manifestation of the space-time curved by matter. Then, matter, motion, and space-time
are different aspects of the reality, which are inextricably related by the geodesic equation and Einstein's
field equation. In spite of this unprecedented revolutionary viewpoint in physics, general relativity was accept-

ed because all its predictions, which are different from naive visualization, are verified by observations.
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However, these great successes also lead to over confidence. The self-consistency of the theory has not
been thoroughly examined, and this opens a door for incorrect theoretical developments later. To begin with,
the possibility that the equivalence principle being a physical requirement may not be satisfied by a mathe-
matical solution, is overlooked. This makes it possible to "establish" that any mathematical coordinate system
was valid in physics. Also, in the name of abandoning naive visualization, physical principles are often ig—
nored. Consequently, general relativity is effectively reduced to a branch of mathematics which is often
unrelated to reality. This surrealistic theoretical development is culminated in the singularity theorems
[55,56] which in turn serve as a foundation for the collapse of a super star to a single point and etc..
Ironically, this also proclaims the inevitable break down of general relativity.

Now, it has been proven that these singularity theorems are irrelevant in physics because, among others,
the energy assumptions in these theorems are not valid due to the existence of anti-gravity coupling, which
was anticipated by Pauli [9]. This conclusion is achieved by first recovering the equivalence principle as a
physical requirement. This means that a mathematical coordinate system is not necessarily valid in physics.
Then, based on the principle of causality, the necessity of the anti-gravity coupling is theoretically established
in studying the gravity of electromagnetic plane waves. Finally, based on the observed radiation loss of the
binary pulsar PSR 1913+16, the anti-gravity coupling is experimentally verified.

Upon examining the arguments for the supposed inevitable gravitational complete collapse, the improved
understanding makes clearer that such a concept is actually due to the remnant influence of Newtonian gravi-
ty. But, outstanding scientists such as Einstein and Eddington {52], who can see beyond equations (Black
holes just didn't smell right!), found immediately such a collapse unacceptable. In general relativity, instead of
a complete collapse, a super star would end up as a supernova. This is feasible because of the existence of
anti-gravity coupling. Also, the arbitrariness in the choice of coordinates has never been really established
among theorists. For example, S.W. Hawking [62] inadvertently makes clear in 'The Avow of Time’ of
his book that a time coordinate must be distinct from a space coordinate.

Einstein [21] believes that, while his equation is essentially correct, the appropriateness of the source
would be a major problem. He wrote “The phenomenological representation of the matter is, in fact, only a
crude substitute for a representation which would do justice to all known properties of matter." The past and
recent theoretical developments confirm his foresight. In this new theoretical development, not only general
relativity does not break down, but the principle of causality leads to the discovery that particle-~wave duality
is necessary in general relativity. Thus, although "a clear connection between the general theory of relativity

i

and quantum mechanics is not yet in sight [9]," a connection is clearly there. Also, Einstein's belief [17]
that “physics of the future” would be based on general relativity, is supported. Therefore, the claim that there
is nothing in general relativity to take into account the quantum behavior of subatomic particle, is groundless
although such a claim could be a self-fulfilled prophecy if nobody works on that direction.

Einstein [23] wrote, "I do not see any reason to assume that the heuristic significance of the principle

of general relativity is restricted to gravitation and that the rest of physics can be dealt with separately on the
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basis of special relativity, with the hope that later on the whole may be fitted consistently into a general
relativistic scheme," and "The comparative smallness of what we know today as gravitational effects is not a
conclusive reason for ignoring the principle of general relativity in theoretical investigations of a fundamental

character." Unfortunately, it is precisely due to such implicit assumptions, which separate gravity from the
rest of the physics, that the gravitational complete collapse became "inevitable".

Nevertheless, general relativity is only a step in the endless intellectual pursuance of human spirit. A
limitation of general relativity, as pointed out by Einstein [63] and others [26], is that the electromagnetic
field has not been deduced from the structure of the space. He considered “The idea that there exist two
structures of space independent of each other, the metric-gravitational and the electromagnetic, was intoler—
able to the theoretical spirit." This philosophy leads to the flourishing of unified theories based on a higher
dimensional space. However, because of the lack of a guiding physical principle, the progresses of such
theories [26-29] have been essentially confined to formal mathematical manipulations, and no independent
predictions has been verified by experiment. The necessity for such a unified theory actually has a far deeper
reason than the theoretical spirit. First, the velocity of light itself is an electromagnetic phenomenon [25].
The structure of massive matter is essentially electromagnetic, and all the stable massive particles are charg-
ed. However, so far, successful unified theories [64-66] have not yet included gravity.

Pauli [9] pointed out that the most important aspect of Einstein's theory is his critical attitude, which
abandoned naive visualizations in favour of a conceptual analysis of the correspondence between observational
data and the mathematical quantities in a theoretical formalism. But, some theorists believe that mathematical
consistency has been one of the most reliable guides to physicists in the last century. The development of
general relativity shows that this belief is not supported. Einstein [32] pointed out "The propositions of
mathematics referred to objects of our imagination, and not to reality." The logic of nature may be simple at
times, but is often very subtle. The subtlety is revealed in experiment and observation. The developments in
relativity and quantum theory support this view. Thus, although mathematics is an indispensable tool, the guid-
iance for physics must come from experiments and observations. As remarked by Pauli [9], the theory of
relativity is "an example showing how a fundamental scientific discovery, sometimes even against the resist-

ence of its creator, gives birth to further fruitful developments, following its own autonomous course.”

8. Acknowledgements.
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Appendix A: The Principle of Causality, Validity of an Equation, and Symmetry.
The concept of causality describes the ideas of cause and effect (which needs not be deterministic).
There are two aspects in causality: its relevance and its time ordering. In time ordering, a cause event must

happen before its effects. This is further restricted by relativistic causality. (see §2 & §3.3). The time-tested

assumption that phenomena can be explained in terms of identifiable causes will be called the principle of
causality. This principle is the foundation of scientific studies. Here, this principle will be elucidated first in
connection with symmetries, and then in the validity of an equation in physics.

In practice, we assume certain properties (such as symmetries etc.) for a "normal" state whose
existence is without any specific cause. Then, any deviation from the normal state must have physically
identifiable cause(s). Since the principle of causality implies that symmetry breaking must have cause(s), a
symmetry must be preserved if no cause breaks it. For example, in electrodynamics, the electromagnetic field
is zero in a normal state. The implication of causality to symmetry is used in deriving the inverse square law
from Gauss's law. Although a related potential may not be spherically symmetric, at least one is, the
Coulomb potential. This shows that, at least, a gauge can be compatible with such symmetries.

In general relativity, matter is the cause of gravity. The normal state of a metric is the flat metric in
special relativity. (This is a gauge choice.) The constant flat metric possesses all the symmetry allowed by
special relativity. Thus, if a non-constant metric does not possess a certain symmetry, then there must be
physical cause(s) which has broken such a symmetry. In other words, the metric should have at least the
same symmetry as its physical cause(s}. For example, in the Schwarzschild solution, causality requires that
the metric is spherically symmetric and asymptotically flat. Thus, in agreement with the equivalence principle,
the flat metric is the only solution for Einstein's equation in empty space.

However, the physical cause(s) should not be confused with the mathematical source term in the field
equation. Such a confusion would be possible because, for some situations, such a distinction does not seem to
be meaningful. For instance, in electrodynamics, the physical cause of an electromagnetic field and the source
term in Maxwell's equation, are the same charged currents. In general relativity, the cause of gravity remains
the physical matter, but not the source term in Einstein's field equation. The energy-stress tensors (for
example the perfect fluid model) may explicitly depend on the metric. Since nothing should be a cause of
itself, such a source tensor does not represent the cause of a metric. For the accompanying gravitational wave
of an electromagnetic wave, the physical cause is the electromagnetic wave. In the Schwarzschild case, the
cause is the mass distribution. Thus, it does not make sense, without directly using causality, to infer the
symmetries of the metric from the source term although their symmetries are not unrelated.

Moreover, inferences based on the source term can be misleading. Sometimes, the source term may
have higher symmetries than those of the cause and the metric. For instance, a transverse electromagnetic
plane wave is not rotationally invariant with respect to the direction of propagation. But the related elec-
tromagnetic energy—stress tensor can be rotationally invariant and even be a constant [22]. In the literature

(see [37], and also p. 961 of [2] and §13 & §21 of [8]), the metric is incorrectly assumed to be
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rotationally invariant. This assumption violates causality and results in theoretical difficulties (see §3.3).

Classical electrodynamics and experiments imply that the flat metric is an accurate approximation of the
metric which is caused by the presence of a weak electromagnetic plane wave. This physical requirement is
supported by the principle of causality which implies that such a metric is a bounded periodic function.
However, this requirement is not satisfied by solutions in the literature, because they are not bounded,
independent of how weak the electromagnetic plane waves are (see §3.3). Also, they violate causality.

This compatibility of symmetry due to causality is a physical requirement. On the other hand, since any
field equation and its physical solutions must be compatible with the principle of causality, symmetry consid—
eration can be used as a criterion, which is independent of the field strength.

For some mathematical equations, the symmetries of a solution can be very different from that of the

source term (which may or may not be the physical cause). For example, consider the following equation,
n=8,8, F = f(u), (A1)

where T, is the flat metric (+-~-) and u = (t - z). If F is a function of only t and z, then the

inhomogeneous solution of eq. (A1) is

F(t,z) = % Suf(t) dt, (A2)
where v = (t + z). Solution (A2) depends not only on u, but also v.

Then, one may examine a field equation after the related physical cause is identified. The left~hand side
of eq. (A1) can be considered as a Maxwell's equation or an equation in linearized gravity. For the case of
Maxwell's equation, the principle of causality implies that the source term may not be in the form of plane
waves. This restriction is satisfied physically because, in nature, a charged particle is invariably massive. For
linearized gravity, Function F relates to the deviations from a flat metric. (An implicit assumption of weak
gravity is that an empty space has a flat metric. This assumption is identical to the requirement of a normal
state.) If the physical cause is an electromagnetic plane wave propagating in the z-direction, then the related
source energy-stress tensor can be a function of u [2,8,37], and its lowest order approximation is a
function of u, and thus the source term in linearized gravity would have the form f(u). Then, according to
solution (A2}, F(t,z) and therefore the metric has a factor v.

On the other hand, the principle of causality implies that the metric is a function of u only [2,8,22].
This contradiction suggests that, for gravitational waves, eq. (A1) is not an appropriate form. Thus, causality
implies that there are weak gravity exact solutions, which cannot be approximated with linearized gravity. In
other words, causality supports Einstein's observation that linearized gravity is not reliable (17]. One might
argue that a solution could be a function of only u through a gauge transformation. This is not possible

physically nor mathematically since a flat space~time has to remain flat.
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In short, the principle of causality may appear to be questionable from the viewpoint of mathematics,
but nature requires that this principle is satisfied. In classical electrodynamics, it is well-known that causality
restricts the possible form for the radiation reaction force. Here, causality explains physically that, even for
weak gravity, the field equation of gravity must go beyond a linear equation of Maxwell type because the
physical causes of gravity include electromagnetic waves.

Moreover, the principle of causality supports the Einstein tensor Gy If one assumes that, for an elect-
romagnetic plane wave, the metric is a function of only t and z, then the Einstein equation implies g(u)
(22]. For some special cases, it can be shown that tensor G(u),, implies that g(u), is periodic.

Let us consider a circularly polarized monochromatic electromagnetic plane wave,

1 1
A = ﬁ Agcos Wu , and Ay = :77“ Agsin Wu . (A3)

The rotational invariants with respect to the z-axis are constants. These invariants are: G, (g, + 8,,), Ry,

T(E)y» 8z 8 8 and etc. Let us assume the invariant,

B * 8y = -2 - 2C, then g =-1-C+B,and g, =-1-C-B. (A4)
Then,

B? +g,%=(14C)? - G, and (B)? + (g,')% = 2GR, 2 0 (A5)
are constants. It follows that (A5) imply that

B = By cos(Wyu + @), and 8y = By sin(,u + Q) , (Aba)
where

w,2 = 2R, G/By?, and By? = (1+C)% - G = 0. (A6b)

Thus, it is proven that the metric is a periodic functions. Also, as implied by causality, the metric is not an
invariant under a rotation (since a transverse electromagnetic wave is not such an invariant).
Since T(E),, is a constant, it is necessary to have

1
Wy = 2W, and T(E), = 7G W2A,%2(C - Bycost) > O. (A7)

Eq. (A6) implies that the metric is a circularly polarized wave with the same direction of polarization as
(A3). However, if the photon tensor were zero, it is not possible to satisfy Einstein's equation because T(E),
and R,, have the same sign. (Note that G > O; and the equation of motion of a charged particle does not
allow changing the sign of the coupling constant K) This also implies that it would be sufficient to modify the

source tensor. The additional term should be a constant of different sign, and is larger in absolute value.
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Appendix B: Compatibility of Polarizations.

Einstein's field equation shall be examined with different polarizations. Then, the relations between the
polarizations of electromagnetic and gravitational wave components are established.

it has been established that for a circularly polarized electromagnetic wave (A3), the solution is also a

circularly polarized wave (A4). Its curvature tensor and electromagnetic energy-stress tensor are:

Ry = 2W2B2/G , where G = (1 + C;)% - B,?, (B1)

and

T(E)tt b m2A02(1 + C,! — Bacos Q)/:_)G (82)

where 2W and By are the frequency and the amplitude of the gravity wave. By and C, are small numbers.
The determinant g and g, are constants.

The frequency ratio suggests that —K A,? is of first order of deviations. Thus, W2A;?/2G in (B2) must
be canceled by the photon tensor. (This means that, in the flat metric approximation, an electromagnetic wave
and its photons carry, on the average, the same energy-momentum.) To support this, consider a linearly

polarized electromagnetic wave

A, = A = A, cos[W(t - z)] . (B3)
From equation (4.6), the equation of the lowest order terms is

72 = = K(A")2, where -f= (g, + 8,) + 2 (B4)

Indeed, there is a constant - K W2A,2/2 to be canceled. To have a physical solution, the modified equation

of the lowest order should be

f' = - 2K T(u), (B5)
and the time average of T(u) is zero. Now, equation (4.6a) becomes

C" - 8.8, + (8,7 - C'(g/28) = 2K g, T(u). (B6)
There are four unknowns in eq. (B6). The previous case suggests that eq. (B6) can be reduced.

From eqs. (4.7) and (B4), only one of g and g, can be a constant. (The Schwartzchild solution suggests

that g would likely be a constant.) Nevertheless, it is still possible to simplify (B6). To this end, define
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F," = -2KT(u) , and f=f, +F, +F, (B7)
where F, is of second order and f, is the time average of f. Then, one obtains
)2

G"- gxx'gyy"*‘ (gxyc - "(fgyyl"' FQ'&/Y)‘_ F']"gyy + FQIgyy‘

- (2(,+1)g,," + (8,,')% + 28,8, + (8,")7]. (B8)
Then (B6) is reduced to
G'(g'/2g) + (fg,,'+ F,'g,,)'~ Fy'g,'=
(2(g,,+1)8,," + (8,,')7 + 28,8," + (84)7%]. (B9)
where

C' = - (fg,)'- 2[(8,,* 118, + 848']-

For a physical solution, it requires that the time average of the term (fgyy' + Fz‘gyy)‘ is zero.

If g is a constant, then eq. (BY) and eq. (4.9) imply
8y = By = 0. (B10)
These equations in turn imply that
F," =0, (B11)
and consequently F, = 0 . Thus, both 8yy and 8« are constants, and equation (B6) is reduced to
8ot = 2K T(u). (B12)
If the constants are independent of the wave amplitude, then one has
By = 0, and 8y = -1 . (B13)
On the other hand, in general, (B13) implies

G'(g'/2g) - F," =0 (B14)
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It follows that g, cannot be a constant in a linear polarization. To illustrate this, let us assume

Be = 1,8y, =0,and g=-1. (B15a)
as suggested by linearized gravity. Then equation (4.6) becomes

(8)® = 2K g [(A)? + g T(P)y] . (B15b)

Without a photon tensor (A = 0), the solution for eq. (B15) is:

K _
8o = - (1 +C:iJ—; A)?2 ~ -1 -2C + if2K A, (B16a)
8y = Bo ' = -1+ 2C + iJZK A, (B16b)

where C is a constant which is zero when A = 0 . The imaginary sign comes from the fact that special
relativity is an accurate approximation. Solution (B16) is not physical because it is essentially imaginary for a
real electromagnetic wave. Moreover, the frequency ratio between gravitational and electromagnetic wave
components should be two. Also, it is easy to see that no value of A can make g, a real wave function.

If one assumes, as Misner et. al. [2], that
Bt =1,8y=0,and g,=g,, (B17a)
then the resulting equation is
2LL" = =K [(A")2 + L2T(P), ), where (-g.,) = L2 (B17b)
For A = 0, equation (B17b) implies that L is not bounded. For A = -1, equation (B17b) becomes
201" = K W2A3cos(2Wu) . (B18)
However, equation (B18) implies that L is not a periodic function of wu. In fact, there is no A which can
make L a periodic function.
It should be noted that, in the above calculations, the sign of R, is crucial to the physical conclusions.

Because R,,, on the time average, is positive, it is necessary to have an additional energy-stress tensor with

an anti—gravity coupling.
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