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Article 34:

Propagation of Light in the Gravitational Field in the Context of
the Theory of Gravitational Relativity |

Akindele Oluwole Adekugbe Joseph

Propagation of light in the gravitational field is studied in the context of theryheb
gravitational relativity (TGR). A local gravitational red shift relation is ided as a
consequence of the gravitational time dilation formula in the context of TAGRyht
ray emitted at a given position in a gravitational field, or a light ray emittedwleee,
which is momentarily passing through the given positiorffess local gravitational
red shift at that position. And when the light ray has propagated to anptsiion,
it suffers the local gravitational red shift at the new position. The gravitaticedl r
shift as a light ray passes through two positions dfedent gravitational potentials is
inferred from the local gravitational red shifts at the two positions. Thalidity of the
underlying assumptions of the two theories of gravitational red shiftrapessed by
the general theory of relativity (GR), which invalidates those theoriesaes shown,
while upholding the theory of gravitational red shift in the context of TGRhasvalid
theory. The prediction of gravitational red shift for a terrestrial liglgtirethe context of
TGR is in agreement with the result of the Pound, Rebka and SnideriegrgnPRS)
to within 99.94%. Although the prediction of Einstein’s theory of gravitatioedlshift
of light (in GR) is in agreement with the result of this experiment to within 9%9it
is shown that this does not imply the validity of that theory.

1 Introduction

Thus far we have considered the motion of material partieliéls non-zero rest
mass, (that is with non-zero gravitational rest masgantbn-zero electromagnetic
(or dynamical) rest mass), on flat spacetime in gravitatifiells in the contexts
of the theory of gravitational relativity (TGR). We have inded even the most
general situation where the test particle is in motion heggb a fixed frame through
a point in space at the neighborhood of several gravitatifigld sources that are
scattered in the Euclidean 3-space about the moving tetstlpaiThis is the subject
of Articles 12 — 16 in parts 3A and 3B and Articles 23 — 25 in faudf this first
volume of this monograph series.

We have also considered the propagations on flat spacetingeauitational
fields in the context of TGR of massless fields namely, eledigid E, magnetic
field B, gravitational fieldj and the newly isolated partner to the gravitational field
d (but which is non-detectable experimentally). These agestibjects of Articles
29 — 31 in part 7 of this first volume of this monograph series.sNall consider the

A.Joseph. Propagation of light in gravitational field I. 1



Vol. 1(8) : Article 34 THE FUNDAMENTAL THEORY ... (M)

propagation of the massless particles of light (or photarit) zero rest mass, (that
is, zero electromagnetic rest mass and zero gravitati@salnass), on flat space-
time in gravitational fields in the context of TGR in this ali and its second part
in this final part 8 of volume one of this monograph series.

There is no first-order interaction of light with the Newtani(or classical) grav-
itational field. There is however a second-order interactib light with gravita-
tional field, which results in a repulsive central forlae on the particle of light (or
photon) from a gravitational field source in the context ofR.@lthough the grav-
itational force on photon is small, it causes the path oflat [ulse colliding with a
gravitational field source at nonzero impact parameter wlightly bent in a gravi-
tational field of arbitrary strength. It also causes a lighisp that starts at speeg
at infinity and propagates towards a gravitational field seuto be slowed down to
aradially varying speed,(r’), which is slightly lower tharc,, even in vacuo, as the
light pulse approaches the field source.

The second-order interaction of light with the gravitatibfield shall be ne-
glected in this first part of this article, thereby allowindjght ray to propagate at
constant speed, in vacuo in a gravitational field (without interacting withetfield),
on the flat four-dimensional spacetime of the theory of dedivinal relativity. This
first part of this article shall be be devoted to theory of gedional red shift of
light in the context of TGR, while the second part shall beade# to the fects of
the second-order intrinsic geometry-induced interaadidight with a gravitational
field in the context of TGR. Thosefects shall include the slowing down of light
to speeds lower tham, in vacuo, the bending of light ray and radar time-delay in a
gravitational field in the context of TGR.

2 Local gravitational red shift relations in the context of the theory of gravi-
tational relativity

Let us start by writing the well known Doppler frequency egsion in the con-

text of the special theory of relativity (or the specialatdlistic Doppler &ect) as
follows

(1- 07/c2)2 v

1o (v/c,) coso

The well illustrated derivation of relation (1) on pages 18519 of [1], for instance,
may be contacted.

In Eq. (1),vo is the frequency of the light measured in an inertial refeesname
F in which the source of light is at restjs the frequency measured in an observer’s
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frame F, relative to which the light source is moving withogaty # along the com-
monx—axis of frames F and’Fandd is the angle between the direction of motion of
the light source (or velocity) and the direction of light emitted towards the receiver
(the line-of-sight). The frequency shall be referred to as the special-relativistic
Doppler frequency, whileg is the natural frequency.

The Doppler &ect (1) arises by virtue of possession of dynamical velogity
relative to the observer of the source of light. There is aesponding fiect in
the context of the theory of gravitational relativity (TGR) be called gravitational
Doppler dtfect, which arises by virtue of possession of gravitatiopaksiV,(r") of
a light source, that is, due to the momentary propagationlighé source through
a position with gravitational speed,(r’). However, since the gravitational speed
is not made manifest in translation of the light source trespsses it relative to
any observer, the expression for the gravitational-nékdic Doppler dfect (in the
context of TGR) is bound to take on affégirent form from the relation (1) for the
special-relativistic ffect.

Let us rewrite the relation (1) for Doppleffect in SR as follows

yoo (2a)
1-(v/c,)coso
2
v o= voll- )" (2b)

Y

Equation (2a) can be recognized as the classical Dopfistdor a wave of natural
frequencyv; and speed,, which is emitted from a source in motion at velocity
along a direction which makes anglavith the line-of-sight of the observer, while
Eq. (2b) clearly arises as a consequence of special-fistititime dilation. Thus
the expression for Doppleffect in SR can be seen as combination (or product) of
the classical Dopplerfiect and red shift due to special-relativistic time dilation

For propagation of a sound wave, say, emitted from a sourgetion at a low
speedy << c, relative to an observer, there is no time dilation. Hence(Hu)
simplifies asv = vo. Then the speed of light, must be replaced by the speed of
soundu in Eq. (2a), thereby reducing Eqgs. (2a) and (2b) to a singteession for
classical Dopplerféect.

Now let a light ray be emitted by a source at rest relative tolaserver, which is
located at radial distanaefrom the center of the inertial ma#4 of a gravitational
field source. The source of light thereby possesses griavitdispeed/,(r’). Let us
by sheer analogy between the dynamical velogiby SR and gravitational velocity
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\79(r’) of TGR, write an expression for gravitational Doppléfeet (in TGR), like
relation (1) in SR as follows

v 1 - (V,(r)/c,)cosd (32)

vo(L - Vy(r')?/c)"? (3b)

v

Again Eq. (3a) must be seen as expressing classical Dopfpéet but in terms
of the gravitational speed possessed by a stationary lghts in a gravitational
field. SinceV,(r’) in Eq. (3a) is not made manifest in translation of the lighiree
as does the dynamical speeth Eg. (2a), and since the motion of the source of a
wave is required in the classical Doppler thedfy(r’) must be allowed to vanish in
Eq. (3a), yielding’ = v. Equation (3b) must be retained, on the other hand, since it
arises from gravitational time dilation, which actuallyigs in the context of TGR.
Thus Eq. (3b) solely expresses gravitational Doppitsat in the context of TGR.

Equation (3b) expresses local (at a point in space) grawiiait Doppler &ect
at radial distance from the center of a gravitational field source of inertialasisl
in the relativistic Euclidean 3-spacg in the context of TGR. The frequeneyis
the gravitational-relativistic frequency in the conteklT@R, while frequencyy is
the natural frequency in the absence of TGR and SR.

The gravitational-relativistic frequenoyin the context of TGR serves as the
proper frequency in the special-relativistic Doppldélieet in a gravitational field.
Thus when both SR and TGR are present, such as happens wheravigbt ray
is emitted by a source in motion at a velocityelative to an observer on the flat
relativistic spacetime, ct) of TGR in a gravitational field, the proper frequengy
in the special-relativistic Doppleitfect (1), must be replaced by the gravitational-
relativistic frequency of Eq. (3b). The Dopplerféect in the context of combined
SR and TGR is therefore given as follows

(1-?/)Y2y
1-(v/c,))cosd
Vo2 1, (1= 071620
cz 1- (v/c,)cosd
_ 2GMoa,y, (1 - v*/S) 2o
r'cz 1-(v/c,)cosh

(1 (4)

@
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Relation (3b) for gravitational-relativistic frequenaythe context of TGR, cor-
responds to the relatiom = my(1 — 2GM0b/r’c§) for mass, and several such local
relations for physical parameters in the context of TGR sanwead in Table | of
Article 17 [2]. It can be observed in Eq. (3b) that a light-exyitted by a massive
body, such as the Sun, fSers larger local gravitational red shift at the surface of
the body than when it has propagated to a large distance freraurface. A light
ray emitted by a star will be observed in its proper (or ndjdraquencyvy upon
traveling to infinity where theféect of gravitational relativity on it vanishes.

The light source does not have to be located at distarfcem the center of
the field source for Eq. (3b) to be applicable. A light-ray obger (or natural) fre-
quencyvg, which is momentarily propagating through radial distandeom the
center of the field source along any direction in space, gsgsegravitational fre-
guencyvy at the instant it is propagating through the point. (Thisoidecause the
gravitational time dilation from which the gravitationaéfiuency relation (or local
gravitational Doppler #ect) originates, is the same along every direction in space
at a give position in a gravitational field). As the light rasoppagates to another
position of diferent radial distance;, say, from the center of the field source, it
possesses gravitational frequeney,= (1 — 2GMoa/r;c2)"?vo, at the instant it is
passing through distance.

If the light source is constrained to be at rest at a point cep which is of
distances; andr, from the centers of gravitational field sources of rest ngmsse
Mo1 and Mg, respectively, or if a light ray of classical (or natural) drencyvg
emitted from elsewhere is momentarily passing throughphist, then as derived
and expressed by Eq. (38) or (42) of Article 25 [3], the remilgravitational time
dilation at this location in the context of TGR is given addals, no matter how the
gravitational field sources are located in space about the,po

St=yi0t = yuay,eot
2GMoau 2GMoaz\_1/5.,,
= (- =) - =)t (6)
I’ng rzcg

The gravitational-relativistic frequeneyof the light-ray emitted by the light source
or of the light momentarily passing through is then relatethe natural frequency
vo in this case as follows

— 2GM 2GM
Vo= (- ) =) (7)

7 ~2 ’ 2
rlcg rZCg
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Generalizing this result, the relativistic frequency ie ttontext of TGR at a point
P in space at the common neighborhood of N gravitational Belarces that are
arbitrarily scatted in 3-space about this point is the fuilg

N

2GM
= [ a-="2%v (8)
) I’ C

whereMgg; is the gravitational charge, which is equal to the rest nhagof the ith
gravitational field source in magnitude arfds the radial distance from the center
of the rest masMy; of ith field source to point P in the proper Euclidean 3-spce

2.1 Local gravitational red shift on earth’s surface in the context of the theory
of gravitational relativity

The resultant gravitational speed at the surface of thén éadue to the earth, the
Sun, the other planets, as well as other stars in the Milky W&y stars in other
galaxies. However the gravitational speeds due to stargiilky Way and stars
in other galaxies at the surface of the earth are negligibfepared to the gravita-
tional speeds due to the earth, the Sun and the other plémeetsyse of their large
distances from the earth. Hence to an excellent approxamathe gravitational-
relativistic frequency in the context of TGR, of a light-ray of proper (or natural)
frequencyvy, which is emitted on the earth’s surface, or which is passingugh
the surface of the earth is given as follows

_ 2GM 2GM 2GM
7oa - My KMo M
whereMps is the rest mass of the Suri is the radial distance & from the center
of the Sun to the surface of the eartifye is the rest mass of the eartt}; is the
radius inX’ of the earth;Mop is the rest mass of the pth planet aiids the radial
distance irz’ from the center of the pth planet to the surface of the earth.

By substituting numerical values for the various quartgitiee find that Eq. (9)
is given to a very good approximation still by the following

2G Moas

T ye - T2 (10)

V=V0(1— 2
E~g

ES‘]

Equation (10) shall be approximated further, because ofvtekness of the gravi-
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tational fields of the earth and the Sun at the surface of tith bg the following
GMopas GMoae

v 2 v(l-——7)1-—=)
rescs recs
GM GM G2MgasM
~ ov(l- e 2T ,Oa‘foaE) (11)
NesCy recy NesleCy
or ,
— GM GM G“MpasM
T~ (1 + SMoss 03 oas Moae (12)

’ 2 r ~2 ’ ’
esC reCy FesrECH
This corresponds to fractional local gravitational redtsim earth of

(517_ 17— Yo _ GMOGS GMan + GZMoasMan (13)
vo o vo o TgC o rpch MesTECo

By substituting the numerical valueMos ~ Mg = 1.99 x 10°°kg; Mo ~ Mg =
5.98 x 10°*kg; rtg ~ res = 1496 x 1° m andrg ~ rg = 6.378x 10°m, into
Eq. (13) we have

6v/vo ~ —9.858x 10°° - 6.949x 107° + 6.850x 10718 (14)

A light ray (or electromagnetic wave) of proper (or clasBideequency vy,
which is emitted at the surface of the earth, or which is exdifrom elsewhere
and is traveling through the surface of the earth, shouftesthe local fractional
gravitational red shift of Eq. (14), which isftirent from the familiar gravitational
red shift as a light ray propagates between two positiondftérént gravitational
potentials known in general relativity, which shall be dissed in the context of
TGR later in this article.

If a gravitational field source, such as a distant star, wigcim motion at a
velocity v relative to an observer on earth, emits a light-ray of prdpematural)
frequencyvy, then the light-ray sfiers both special-relativistic Doppler red shift
and local gravitational red shift relative to the earthefer. The frequency of
the light-ray observed by the earth-observer when it reathe earth is given by
replacing the natural frequenay in Eq. (1) in the absence of gravitational field
by the gravitational frequenoy, (which serves as the proper frequency in special-
relativistic Doppler &ect as mentioned earlier), due to the gravitational fieldhef
earth, the Sun and the distant star on earth’s surface. Thus

A1 - 07/
1-(v/c))cosd
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2GMoae 2GMoas 2GMoa
= vo(l- =L )AL =)
reCy MesCy re;
(1 ?/2)12

% 1-(v/c,)cosd (15)

whereMoe, Mos, e andrg have been defined previousli is the rest mass of

the moving distant star; is the radial distance from the center of the rest nMgs

of the moving distant star to the surface of the rest masseoé#nth in the proper

Euclidean 3-spacE’; v is the assumed constant speed of the emitting distant star

relative to the observer on earth ahid the angle between the light-ray reaching the

earth and the direction of motion of the moving distant staiter of the light-ray.
Actually the distant from the center of the moving emitter to the surface of the

earth is very large, hence 612GM0a/r’c§) ~ 1, thereby leaving only the Doppler

effects of the gravitational fields of the Sun and the earth argpetial relativity

due to the motion of the emitting star relative to the eafikevver in Eq. (15).

3 Gravitational red shift as light propagates between two pesitions in a grav-
itational field in the context of the theory of gravitational relativity

Now let us consider the propagation of a light ray of naturafjfiencyvo from
the surface of the Sun where it is emitted into outer space. latal gravitational
frequencyvs at the surface of the Sun, (due to local gravitational reét shithe
surface of the Sun by the Sun’s gravitational field), of tightiray at the moment it
is emitted is,

_ 2GMoas
vs = vo(l- ,—2)1/2
rsC
< ve GMoas vy - G?MZov0 B G3M3a5vo o (16)
rsc2 4rzch 8reck

whereMos is the rest mass of the Sun aridis its radius. Upon the light ray prop-
agating to radial distanag from the center of the Sun, its gravitational frequency
becomes; given as follows

_ 2GMoas
V1 = Vo(l— > 2 )1/2
rlcg
GM G2M2,.v G3M3,.v
~ vo-— OaSVO_ OaSO_ oas’0 o (17)

’ 02 2 136
rica 4riccg 8ri°cy
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The change in local gravitational frequency, (or in graidtaal-relativistic fre-
guency in the context of TGR)\v;s as the light ray propagates from the surface of
the Sun to radial distanagg from the center of the Sun is then given as follows

_ _ _ 2GM 2GM
Avis = vi—-vs=1 [(1 - oas — ) -(- ,—Zas)”z}
1% rsC
_ Q(_GMoas _(_GMoaS))+ ﬂ(_GZM(Z)aS B _GQM(Z)aS))
cg r rs 4c;1 r’l2 ry
G3Mm3 G3M3

Yo oas oas

+ - - (- + - 18
8c§[ ri3 ( re )) (18)

Since—-GMoas/r; = @5(ry) and—-GMgas/rg = Og(rg), wheredg(r’) is the New-
tonian gravitational potential of the Sun at radial disandérom the center of the
inertial masMs (= M) of the Sun in the relativistic Euclidean 3-spatef TGR,
Eq. (18) can be written as follows

- - - VO ’ ’ ’ ’ VO ’ ’ ’ ’
Avis=vi—-vs = g(q)s(rl) - dg(rg)) + E(‘Ds(rl)z - (Ds(rs)z)
g 7

Vi ’ ’ ’ ’
*gez (O~ 965)") + - (19)

Equation (19) is given to a good approximation in the wealkitational field of the
Sun as follows

Avis=vi-vs = (CDs(rl) D5(rs))
(/

~  voADg/C (20)
or GM
_ _ as V.
AVis =1 - Vs~ 0 °(———) (21)
C I’S

HoweverAvis in Eq. (20) or (21) is just the (ference between local gravita-
tional frequencies (or between gravitational-relaticiftequencies) at radial dis-
tancer; from the center of the Sun and at the surface of the Sun in thiexbof
TGR. It is not yet in the form it can be referred to as a red dieifation, since a
red shift is the dierence between measured or observed frequency and thalnatur
frequency. That s, the fierence between gravitational frequem@nd natural fre-
quencyvg in the present case. In order to obtain the gravitationakhéfd at radial
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distancer; from the center of the Sun, of a light-ray, as the light-raggagates
from the surface of the Sun to radial distamgérom the center of the Sun, we must
obtain expression for; — vo, sincev; is the observed frequency mtandvy is the
natural frequency.

Now by replacing’s by the right-hand side of Eq. (16) in — vs we have

_ _ 2GM
Avis = vi-v(l- ,—‘fs)”z
r'sC
_ GM
~ vi-v(l-—; O?S)
r'sCy
_ GM
= vi—Vyvo+ P O?S
r'sC
Hence GM
5;1 = 171 — Vo = A1713 - ,O—aiv() (22)
rscs
Using Eq. (21) to eliminatdv;s in Eg. (22) we have
_ _ GMpasVv
Svis=vi—vo & —w (23)
¢

Equation (23) expresses thefdrence between the frequeney of the light ray
from the Sun, which is observed at radial distancffom the center of the Sun and
the natural frequencyy. Thusévis is the gravitational red shift siered by the light
ray upon traveling from the surface of the Sun to radial dista;, and notAv;s as
mentioned earlier.

Likewise a light-ray of natural frequenay emitted at radial distanag from
the center of the Sun will, upon traveling to radial distanc&om the center of the
Sun, stifer a change in local gravitational frequency in the contéXt@R of

— — — GMoasVo 1 1
Avor=vo—vi & ———

2 7
Cy n
or GM GM 1 1
- - oas 0asvo
Avar = vo —vo(l - T2 )~ > (r_’_r_’)
1% G 1 N

Thus the gravitational red shift §ered at radial distance by the light-ray upon
propagating fronty tor; is
GMoasvo

24
récg (24)

Va1 =v2—Vor —
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We observe from the foregoing results that the gravitaticedshift sufered at
a pointP, by a light-ray upon the light ray moving from poif to pointP, in a
gravitational field in the context of TGR, depends upon ttevigational potential at
P, only. The gravitational potential #&; where the light-ray is emitted or initially
observed while passing through, does not count in the gitasital red shift aP,.
As shall be found shortly in this article, this representsagambreak from the exist-
ing theory of gravitational red shift in the context of thengeal theory of relativity
(GR), in which a light ray is known to be emitted in its natufi@quencyvy and
sufers gravitational red shift as it propagates away. Consehyuthe gravitational
potential at the poinP; of emission of a light ray appears in the gravitational red
shift relation at another poirR, as the light ray propagates from polpt to point
P, in the exiting theory of gravitational red shift in GR.

By taking the natural frequency to the right-hand sides afagigns (23) and
(24) we have

_ GM 2GM
Vavg— 20Ny - 202 (25)
rlcg rlcg
and
_ GMoasv 2GMoas
V2 m Vg — L = (1 - )2 (26)
I’ZCg I‘SCg

We find from these results that what we have called gravitaticed shift at radial
distancer; of a light-ray, upon the light ray traveling from the surfamfethe Sun

to radial distance; from the center of the Sun in Eq.(23), is actually the local
gravitational red shift at radial distancg and what has been called gravitational
red shift at radial distance of a light-ray upon the light ray traveling from radial
distancer; to radial distance, from the center of the Sun in Eq. (24), is the local
gravitational red shift at,. We conclude from the these that the gravitational red
shift sufered by a light-ray, which propagates from any positiynto any other
position P, in a gravitational field, is equal to the local gravitatiomadl shift at
positionP,. That is,8v,; = 6v,, in the context of TGR. The concept of non-local
gravitational red shift between two positions dtelient gravitational potentials does
not arise, and only local gravitational red shift at the tama of a light-ray in a
gravitational field at any given instant exists and can besweal in the context
of TGR. The change in local gravitational frequenoy;, as a light ray propagates
from positionP; to positionP; in a gravitational field, although not a gravitational
red shift, can also be measured, as shall be found laterdgratticle.
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According to relation (23) or (24), a light-ray of proper (uatural) frequency
vo emitted from the surface of the Sun, which propagates toutface of the earth,
will suffer local fractional gravitational red shift at the surfadeh® earth due to
the gravitational field of the Sun solely on the surface ofdheh of,

51753 _ 175 — Vo _ GMO&S
= - 2 =

- -0.858x 10°° (27)
Yo Yo rESCg

However this light-ray will actually dfier gravitational red shift due to the gravita-
tional fields of both the earth and the Sun upon reaching the’'saurface, while
neglecting the red shift at the surface of the earth of theigttéonal fields of the
other planets and distant stars. Hence the complete eiqness 6ves/vo is the
same as given fafv/vg in Eq. (13) or (14).

The theory of gravitational red shift in the context of thexgeal theory of rela-
tivity shall be discussed in detail in the next section. Hesvdor ease of comparison
of the results of gravitational red shift in GR with the abeesults in the context
of TGR, the corresponding results in GR shall be written héliee gravitational
red shift relation known in GR depends on théelience between the gravitational
potentials at the position where the light-ray is emitted #re position where it is
received, as mentioned above. For a light ray emitted fraarstirface of the Sun,
which propagates to radial distangefrom the center of the Sun, the gravitational
red shift atr, in the context of GR is

(is)er=Vv1—-vo~ ——5—(—— ) (28)
And for a light ray emitted from the surface of the Sun, whighdceived on earth,

the fractional gravitational red shift on earth in GR is

5 _ GMs,1 1
(QVES) = YETYO (= - ——)~-21x10° (29)
Yo Vo C I's leEs

whereMs is the inertial mass of the sun sometimes denotel¥y

The relation (28) in GR corresponds to relation (23) in TGRilevrelation (29)
in GR corresponds to Eq. (27) in TGR. One observes from egusa{i28) and (29)
that gravitational red shift is sensitive to the gravitaibpotential at the position
where light is emitted in the context of GR, whereas this duoascount at all in
the gravitational red shift in the context of TGR, which dege on the gravitational
potential at the location where the light is received onl/ngentioned above. A
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critique of the red shift relation in GR shall be given laterthis article, where it
shall be concluded that the red shift relations in the cdrdEXGR are the authentic
red shift relations.

Now let us consider a terrestrial light ray of classical freqcyvo emitted at a
vertical heightH above the surface of the earth, and which propagates to tfaesu
of the earth. This light ray is actually emitted at radialtdiges (es— H) from
the center of the sun andg(+ H) from the center of the earth, (assuming the sun
is vertically above the earth), and upon reaching the easgihfface, it is at radial
distancergs from the center of the sun and radial distamgefrom the center of
the earth. Theféects of the other planets and distant stars are negligiltie.ldcal
gravitational frequencieg, andve of the light ray at heighH and at the surface of
the earth in the context of TGR are given respectively asvil

_ 2GM 2GM
= Vo(l— . OE}S 2)1/2(1_ . Oi,'clEz)l/Z
(res —H)Cg (re + H)Cg
_ GMoas GMoe
vi = vo(l- = 1-— )
(res —H)E2 (rg + H)e2
GMoas GMoae G2MoasMoae
~ vo(l- — - + 7 ) (30a)
(rgg —H)CZ (g +H)e2  (rpg — H)(rg + H)c)
GMpoas GMoae
(rgg —H)CEZ  (re+H)c2
_ 2GM 2GM
VE = Vo(l - ,—0235)1/2(1 - /—(;aE)]_/Z
esCy re
GM GM G?MoasM
v voll- T - SR+ TS ) (30c)
esCy reCy "es'eCy
GM GM
~ ov(l- oS 2T (30d)
esC reCy

If we consider the approximations to the first order as dongggs. (30b) and
(30d), then the change in frequency of the light ray as it pgapes from heightl
to the surface of the earth is given as follows

AVEH = VE — VH

- GManVo( 1 1

2 7 -
c re+H rg

) (30e)
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sincergs >> H. Hence

_ - GMopaeH’vo 1
AVEH = VE —VH ~ — 30f
EH E—VH "'Ezcé (1+H//r|/z) (301)

or i 1
g " vo
( ) (309)
cc “l+H//rg
On the other hand, the change in frequency of the light ray@epagates from the
surface of the earth to a vertical heigthtabove the earth’s surface in the relativistic
Euclidean 3-spac& of TGR is given to the first order approximations (30b) and

(30d) as,

AVEn ~ —

— — — GManH/Vo 1
A = - =~ 30h

or y 1
g Hvo .
ARSI (300
The changes in frequency (30f) or (30g) and (30h) or (30i)rmteto be referred
to gravitational red shift and gravitational blue shiftat@ns, since the shifts in
frequency they express have not been measured relative fordper (or natural)

frequencyvy. They can be measured experimentally as shall be descalbedit

Avpe ~

this paper.
Now,
_ _ _ GMoae GMoae
Avey =VvE-wvp = VO((r’E + H)C2 - rec )
g g
or
— _ GMoae GMoae GMoae
Aven = ve —vo(1 - — ) = vo( o~ o)
(rg +H)c2 (re + H)e2 rece

Hence the gravitational red shiftffered by the light ray upon reaching the surface
of the earth from heightl is

GMoae

617EH = 175 - Vo~ — 2 140) (31&)
E™g
of OV VE GM
4 VE — V
EH _YE—Y0 / O?E (31b)
140) Yo rEcg

Equation (31b) gives the fractional red shift on the surfaicéne earth (to the first
oder approximations expressed by Eqgs. (30b) and (30d)3 fight ray of natural
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frequencyvg, which is emitted at heightl above the surface of the earth and prop-
agates to the surface of the earth.

On the other hand, a light ray of classical frequemgyemitted at the surface
of the earth, which propagates to heidghtabove the earth’s surface, will er
local fractional gravitational red shift at heigHt (to the first oder approximations
expressed by Egs. (30b) and (30d)) of,

6‘7HE VH — Vo GMan GMan

v = Vo =~ _VO((r,E + H’)Cé - rizcg )
or GM GM GM
Avie ~ 7o — 1- _ 2Woae ~ — 2 _ —
VHE VH VO( (r;z + H/)Cg) VO( (I’;E + H,)Cg rlEcg )

Hence the gravitational red shiftered by the light ray upon propagating to height
H above the earth’s surface is

— — GMoae
SVHE = T — Vo & — o OPE 324
VHE = VH — 0 o+ H,)CEVO (32a)
or _ _
OVHE _ YH = Yo _ _ GMoae (32b)
Yo Yo (rg + H)C2

Again Eq. (32b) gives the fractional red shift (to the firseodpproximations ex-
pressed by Egs. (30b) and (30d)), at height H above the sudithe earth, for a
light ray of natural frequencyp, which is emitted on the surface of the earth, which
propagates to heighi above the surface of the earth.

The dfect of the gravitational potential of the Sun must actuallyadded to
equations (31b). This will be accomplished by using the axiprations (30 a) and
(30 ¢) and neglecting no terms in the derivations above te ltlag fuller form of
Eqg. (31b) as Eq.(13) and its numerical value (14), while theesponding fuller
form of Eq. (32b) is the following

Sve __GMoae  GMoas G*MoasMoae
Yo (rg+H)2 (rgg—H)E2 (g + H)(rgs — H)e)

(33)

Equations (13) and (33) are the more complete expressiarfsaftional gravita-
tional red shifts at the surface of the earth and at a héigithove the earth’s surface,
for a terrestrial light ray emitted at height, which propagates to the earth’s sur-
face and the converse respectively. We have now found thdtdhtional red shift
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relations (13) at the surface of the earth and (33) at heighbove the earth’s sur-
face, are valid for a light ray emitted from anywhere in thevarse at the instants it
reaches the surface of the earth and helfjlabove the earth’s surface respectively.

Finally although the primed distances and primed parammdtethe proper
Euclidean 3-spacE’ must appear in Egs. (30a-i) — (33), they can be approximated
by the respective gravitational-relativistic distanced gravitational-relativistic pa-
rameters in the relativistic Euclidean 3-spacef TGR, without significant loss of
accuracy in numerical results, due to the weaknesses ofaléagional fields of the
Sun and the earth at the surface of the earth. In other worlsaw letMoge ~ ME;
Moas = Ms (= Mp); It = Ig; I'eg = es; H = H andg’ ~ g in obtaining numerical
values in Egs. (30a-i) — (33).

The terrestrial gravitational red shift relation in the taxt of GR for a light ray
emitted from height, which propagates to the surface of the earth is the follgwin

Ty _M(;
BT 1+ Hjrg

c2
GMg 1
©ocrd (I3 H/rE) (35)

) (34)

(6ven)ar

Equation (34) or (35) in GR are exact becabdge = Mo = Mg, rg =rg; H' = H
andg’ = g are exact relations (and not approximations) in classicalitation.
Egs. (34) or (35) corresponds to the completefjedéent relation (31 a) in TGR.

As can be seen from the red shift relations (28) and (29) aatioes (34) and
(35) in GR, which are based on first-order interaction oftligith the Newtonian
gravitational field, as shall be discussed shortly, a liglytis emitted in its natural
frequencyvy where ever it is emitted in a gravitational field in the contekGR,
(because it has not interacted with the external gravitatiield and consequently
has not lost energy at the point of emission). This implies the local gravitational
red shift (in the context of TGR) of the light ray at the poifiemission is not taken
into consideration in the red shift relation in GR. It shaldhown in the next section
that the red shift relations (28) and (29), as well as refsti(34) or (35) in GR are
not valid, while the corresponding relations (23), (27)dBand (32a) in TGR are
the valid relations.

The reason the gravitational red shiftfewed by a light ray in propagating from
an initial position to a final position in a gravitational fielepends solely on the
gravitational potential of the final position in the contekX{TGR, is that there is no
first-order interaction between light and Newtonian giaidinal field. Else the red
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shift of a light ray in TGR will depend on the fiérence between the gravitational
potentials of the initial and final positions, as is the cas¢hie red shift relation
inherently based on a first-order interaction of light with Newtonian gravitational
field in GR, to be shown shortly.

That light has no first-order interaction with the Newtongmavitational field
follows from the fact that light possesses photonic restsmag, which is equiva-
lent to zero rest mass, (i.e. zero gravitational rest magzearo electromagnetic rest
mass), as discussed and presented as Eq. (16) in Articld. 1HdAce the Newtonian
gravitational potential energyGMoamy, /r of a photon is zero gravitational poten-
tial energy, and the éierence in gravitational potential energy of a photon betwee
two positions in a Newtonian gravitational field is zero gyyerMoreover intrinsic
curvature parameteq,(r’) is zero everywhere in a Newtonian gravitational field,
hence there is no intrinsic geometry-induced passive gitiomal mass-k,(r’)>m,
of photon that could interact with gravitational field in Newian gravitation. The
minute second-order interaction of light with the gravaaal field of the Sun in the
context of TGR in which intrinsic curvature paramekgfr’) is small but non-zero,
is being neglected in the derivation of the red shift relaii@ TGR in this first part
of this article, but will be considered in explaining othéremomena in the second
part.

One observes from equations (23), (24) and (27) that the gpesitational red
shift due to a field source in the context of TGR, decreases &maximum value at
the surface of the field source where the gravitationakivéstic effect of the field
is highest to zero value at infinity where the gravitatioredhtivistic dfect of the
gravitational field is zero. The light ray fars no permanent red shift (or perma-
nent “damage”) as it is emitted from the surface of the fielgrse and propagates
away to infinity in the context of TGR. This shows that grati@taal red shift is a
relativity phenomenon and not a fundamental interactioenpimenon in the con-
text of TGR, which is certainly so since it arises as a consaqge of gravitational
time dilation. On the other hand, a light ray emitted from avipational field source
suters gravitational red shift (or permanent “damage”) upappgating to infin-
ity in GR, because red shift relation in GR is based on fundaaiénteraction of
light with the (Newtonian) gravitational field, leading tenmanent loss of energy
of photon. Gravitational red shift in GR is hence not a relgtiphenomenon.

It will be shown in section 5 of this paper that thedssbauer{ect-based ex-
periment of Pound, Rebka and Snider [5, 6], which is usualtgrpreted to have
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tested the terrestrial red shift relation (34) or (35) in GRvithin 99.94%, can also
be interpreted to have tested the corresponding red shatioms (31a) and (32a)
in TGR to the same accuracy. As shall be shown, this does nan itinat the two
theories are both correct.

4 The theories of gravitational frequency shift of light in general relativity
4.1 Einstein’stheory of gravitational red shift

The approach originated by Albert Einstein himself [7] does rely on his field
equations and their solution, but applies the principlegaiivalence (the weak
principle) and conservation of energy to the propagatiotightt in a Newtonian
gravitational field &ectively. In his approach, Einstein prescribes a gravigef
frame K with uniform upward acceleratiahand a second frame’Kwhich is sta-
tionary relative to an observer in a uniform gravitationaldj where the acceleration
due to gravityg is equal in magnitude but oppositely directed to the acagtara
of frame K.

Einstein then allows light to be emitted along the upwarddction of motion of
the frame K at the instant,= 0, when this frame starts to move from rest relative
to the observer. Upon the light traveling distarideafter timet, the frame K has
acquired speed, = at. Butt = H/c, (to a first approximation). Henae= aH/c.
Now according to the special-relativistic Doppléfezt, the observed frequeney
of a light ray of natural frequency, emitted from a source moving towards the
observer at velocity, is given as follows to the first order iric ~ 0,

v =v(1-v/C) (36)

Equation (1) reduces as Eg. (36) to a first ordep/ja by letting® = x in that
equation, for a source a light ray that is moving towards theeover along the line-
of-sight. This is the case of the light ray propagating in élceelerated frame K
above. We must therefore replacby aH/c, so that the observed frequency of the
light after timet of motion of the frame is

v =vo(1 + aH/c?) (37)

Einstein then allows this light to be emitted at a point A amgtopagate verti-
cally downward (in the direction of gravitational accel&n g) to a point B in the
frame K, where the distance from point A to point Bk& He applies the equiv-
alence of inertial acceleration and gravitational acedien, @ = §) to write the
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observed frequency of the light ray at point B as follows
ve = vo(1 + gH/c?) (38)

If, on the other hand, the light ray is emitted at the point B propagates vertically
upwards to the point A in frame’Kthen its frequencya at point A will be

va =vo(1 - gH/c?) (39)

It must be noted that the foregoing arguments and derivabigrAlbert Einstein
are based within the framework of classical mechanics aaslsidal gravitation,
as Egs. (36) — (39) show. This, in the light of the presentrhemplies that his
arguments and derivations pertain to the flat proper spaedi, ct’) containing the
rest masseM, of gravitational field sources ant, of test particle, but where the
equivalenceM = Mg, m = my and—GMpg/r’ = —GM/r are exact. Thus inherent
in Einstein’s derivation of Eq. (38) and (39) is the assumptf interaction of light
with the Newtonian gravitational field, thereby convertitgy(radiation) energy to
changes in its gravitational potential energy. For by miithg through by the
Planck constant and rearranging, Eq. (38) or (39) can béanris follows

hva —hvg = £ mg,gH = i%gH (40)

where,mg, = hvo/c?, is mass equivalent (or the photonic rest mass) of the radiat
energyhvg. Also since—gH = @g — ®5 = AD, Eqg. (40) can be written as

hva — hvg = hAv = +A®hyg/c? (41)

Thus the increase or decrease in energy of the photon in &yo(339) is pro-
vided by the decrease or increase in the “Newtonian gramitak potential energy”
of the photon as it “falls” from point A to point B. In its origal form, Einstein’s
argument in support of the interaction of light with the Nemitan gravitational field
(or what is tantamount to this) is as follows [7],

Let two material systemS; and S, be situated a distance H apart along the
z-axis of frame K. The following cyclic process is carried out

1. Energy E is emitted in the form of radiation 33 towardsS;, where, by the
result of Eq. (38) or (39), enerdy(1 + gH/c?) is absorbed.

2. Abody W of mass M is lowered froi8, to S;, work MgH being done in the
process.
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3. The energy E is transferred fro® to the body W, while W is ir5;. Let the
gravitational mass of W be thereby changed so that it acgtheevalueM’.

4. Let W be again raised t8,, work M’gH being done in the process.
5. Let E be transferred from W 18,.

Going further in his argument, Einstein remarked that tfiect of the cycle is
simply thatS; has undergone the increase of endfgyd/c?, and that the quantity
of energyM’gH — MgH has been conveyed to the system in the form of mechanical
work. By the principle of conservation of energy, we therefbave

EgH/c? = M’gH — MgH

or
AM =M - M = E/c? (42)

The import of Einstein’s argument is that a radiation engligy hvg, possesses
equivalent inertial mass$\M = hvg/c?. Thus as a radiation propagates in a New-
tonian gravitational field, its positive equivalent inattinass interacts with the field
and it is attracted like a material particle. Thus the abagement and the further
argument that a body of mass suspended on a spring balance in systemvil
indicate a weight oMg, and when a radiation energy E is transferred to this body,
then by virtue of the law of inertia of energy, will indicateveight of M + E/c?)g,
establishes for Einstein the validity of the first-orderenatction of radiation (or
light) with the Newtonian gravitational field and, conseqilye the validity of the
red shift relation (38) inherently based on this notion.

Other approaches in GR, such as the one that starts with éhdajional time
dilation formula on page 135 of [8], all end up in the red stefation (41) derived
originally by Albert Einstein. For a light ray of natural freencyv, emitted at
position A at the surface of the Sun, which propagates tohemqtosition B of
radial distance; from the center of the Sun, the gravitational red shift fefaf41)
is given explicitly as follows

Vi
(6v1S)er1 = VB — Vo —C—g((ba —Dp)
GM3V0 1 1
- - = 43
2 (rl rs) (43)

The subscript GR1 is used to denote the present theory duimsted as the first
theory of gravitational frequency shift in general reldgivThere is a second theory
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of gravitational frequency shift in general relativity te Hiscussed in the next sub-
section, which shall be denoted by GR2.

One should actually WriteA(Vls)GRl = vg — Vp, instead of &VIS)GRl =Vvg— Vo
for the change in frequency between emission of light at A ésdeception at
B. However a light ray has not fiered gravitational red shift at the moment of
emission in the context of the theory of gravitational redtslue to Albert Einstein,
thereby making’a = vo. Thus in the context of the theory of gravitational red shift
based on a first-order interaction of light with the Newtonggavitational field, a
light ray emitted anywhere in a gravitational field is endtte its natural frequency
vo, (@ssuming no motion of its source relative to the observi@Vhereas a light
ray is emitted in its gravitational-relativistic (or locgtavitational) frequency; =
vo(l— ZGMoa/r’cj)l/z, at radial distance from the center of the inertial mass in
¥ of a gravitational field source of rest madl in ¥’, in the context of the theory
of gravitational red shift in (TGR).

4.2 Local gravitational frequency shift based on propagation of light in Schwarz-
schild geometry

By considering the motion of a test particle to take placengla geodesic in the
Schwarzschild geometry, the laws of conservations of gnangl angular momen-
tum for equatorial orbits have been derived respectivelipbews, see pages 655-
657 of [9] for example.

E
Py

whereE|5cg((r) is the energy measured locally (in the absence of spedadiviey)
atr; E is the “energy at infinity”, that isk is the energy measured locally (in the
absence of special relativity) at= oo, andv, is the component tangent to the
equatorial orbit of the particle’s velocity.

As commented on page 659 of [9], the conservation law (44pil for any
time-independent metric tensors for whigf) = 0, and for particles with both zero
and nonzero rest masses. It is sometimes called the “lawearfygrred shift”. It
describes how the locally measured energy of a particle orgphchanges, (i.e, are
“red- shifted” or “blue-shifted”) as it climbs out or fall;io a static gravitational
field.

If we consider a test particle of rest mamg which is at rest at infinity relative
to an observer, then its total energyiisz moc?, in Eq. (44). Then if we let its local

lg00(n)I""*Ejgcal(r) = constant (44)
(Elocal(r)/cz)%r = constant (45)
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total energy at radial distancérom the center of the field source b&?, that is, if
we letE(r) = mc?, then Eq. (44) becomes the following

mc*(goo(r))"/? = moc?

or
Mo

(1-2GM/rc3)-12’

Although the mass of the test particle is generally assurmdittindependent
of position in a gravitational field, since this is requirddray with the validity of
local Lorentz invariance for the strong equivalence pplecto be valid in GR, the
mass relation (46} which relates the inertial mass of the test particle observed
or measured at radial distancé&om the center of a gravitational field source to its
rest massn (in the absence of SR) is implied by the “law of energy red shift” of
Eq. (44). Equation (46) has also been derived byfi@dint approach in [10]. Itisto
be recalled that the corresponding mass relation derivétkicontext of the theory
of gravitational relativity (TGR) in Articles 14 and 15 [1112] is the following

m = my(goo(r)) % = (inGR) (46)

m=mo(1 - 2?/'::'206‘); (in TGR) (47)
g9

Now let us replace the test particle in the above by the mssglaoton. A
photon of proper (or natural) frequengypossesses enerdyp at infinity, (r = ),
from the center of a gravitational field source. Hence for atgh (or a light ray)
we must letE = hvg in Eq. (44). If we let the local energy (in the absence of
SR) measured while it is passing through radial distanfrem the center of the
gravitational field source by, then Eq. (44) becomes the following for a light ray
propagating in a gravitational field

hvigoo(r)[¥ = hvg

or
26M 1,

rc2
Equation (48) is the local frequency shift relation (or gtatonal Doppler ef-
fect) implied by the energy conservation law (44) deriveahfrthe study of prop-
agation of light in Schwarzschild geometry in GR. It statieat tthe gravitational
frequencyv of light ray is larger than its natural frequeney, (that is, it is blue-
shifted), at all finite radial distances from the center ofavgational field source.

v = lgoo(r) v = vo(1 - ; (inGR) (48)
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The relation in TGR, which corresponds to relation (48) in iGEhe local gravita-
tional red shift relation (8) foN = 1, derived earlier in this article.

The first point of departure of the theory of gravitationalfuency shift posited
on propagation of light in Schwarzschild geometry in theefming, from Einstein’s
theory of gravitational frequency shift inherently poditen a first-order interac-
tion of light with Newtonian gravitational field, while uphting the principle of
equivalence and conservation of energy, is that the Emistieory predicts red-
shift of a light ray that is emitted from the surface of a gtational field source
and propagates to a position away from the surface, whilghbery of gravita-
tional frequency shift based on propagation of light in Saleschild geometry of
this sub-section predicts blue shift. The second point padgre is that the latter
predicts that a light ray of natural frequengy which is emitted at radial distance
from the center of a gravitational field source, will be olveerin its local frequency
v given by Eq. (44) at the position of emission in the theonhid sub-section, while
Einstein’s theory (or the former) states that a light rayas med-shifted at the po-
sition of emission. Thus the two theories of gravitatiomabfiency shift in GR are
mutually contradictory.

Now let us calculate the change in frequengyig)cre as a light ray emitted
from the surface of the Sun propagates to radial distapnéem the center of the
Sun according to relation (48). This is given as follows

(Avis)ere = ¥(ry) —¥(rs)
Mg GMsg
~ vo(l+ 2 ) —vo(1+ s )
GM3V0 1 1
~ Z_= 4
- ) (49)

where the subscript GR2 is used to denote the theory of gtaitl frequency shift
of this sub-section, posited on propagation of light in Sateschild geometry. Al-
though Eq. (49) looks the same as Eg. (43) derived earlidrdrcontext of gravita-
tional frequency shift posited on a first-order interactdfight with the Newtonian
gravitational field, they are not the same. This is so bec@ug€crr = v(r1) —vo in
Eq. (43), whereas\vis)cre = v(r1)—v(rs) in EQ. (49). Hence Eq. (43) expresses red
shift while Eq. (49) expresses change in local gravitatifneguencies in the context
of gravitational red shift theory based on propagationgtitlin the Schwarzschild
geometry (GR2).

In order to derive a relation in the context of GR2, which candompared
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with Eq. (43) of GR1, we must replacérs) by vg in the definition, Avis)ere =
v(r1) — v(rs), in EQ. (49) as follows

2GMs

(Avislere = ¥(r1) — v(rs) = v(r1) — vo(1 - T )2
GMS GM5V0 1 1
~ —-vo(l+ —=) ~ — - —
v(ra) —vo(1+ roc? ) 2 (r1 rs)
Hence GM 1 1 GM
_ A svo, 1 1 s
(6v1s)ere = ¥(r1) — o @ (rl rs) 2
of GM
— Vi
(ris)ere = V(1) = vo ~ =~ (50)

It is (6vis)ere Of Eg. (50) that can be compared withv(s)gr: of Eg. (43), from
which we again find departure from one another of the two iksaf gravitational
frequency shift in GR.

The relation in TGR that corresponds to Eg. (50) in GR is E8}),(#om which
we find that (local) gravitational frequency shiftin TGR differs from (local) grav-
itational frequency shif6vgry only in sign. Irrespective of where a light ray is
emitted and irrespective of what direction in space it is mgythe gravitational
frequency shift that can be measured at radial distaricem the center of a grav-
itational field source depends only on the gravitationaéptial atr as in Eq. (23)
in TGR and Eg. (50) in the context of gravitational frequestyft theory based
on propagation of light in Schwarzschild geometry (GR2). tbm other hand, the
frequency shift§v)cr: atr depends on the fierence between the gravitational po-
tentials at positiom and positionr; where the light was emitted as in Eq. (43) in
the context of Einstein’s theory of gravitational frequgmhift (GR1), inherently
based on a first-order interaction of light with the Newtongmavitational field and
satisfaction of equivalence principle.

Now let us consider the propagation of light ray near theamgrfof the earth in
the context of GR2. Let a light ray propagate from height Hvabithe surface of
the earth to the surface of the earth. The change in grauittirequency of light
is given as follows

(Aven)ore VE — VH
GMEV() 1 1

c? e re+H

Q

)
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GMEHVQ 1

racz. 1+ H/rE)
or H L
grivo
A =vy—-ver —(—F—— 51
(AvhE)ere = vH — VE =2 (1 H/rE) (51)

On the other hand, if the light ray is emitted from the surfatthe earth and prop-
agates to vertical heighi above the earth’s surface, then the change in frequency

IS,
gHvo 1

(AvHE)GR2 = VH — VE = _7(1+—H/r5) (52)

Equations (51) and (52) express changes in local frequeintigaveling from
vertical height H to the surface of the earth, and in traggfiom the surface of
the earth to vertical height H respectively. They are notdadierred to as gravita-
tional blue shift and gravitational red shift relations.rtde they cannot be compared
with the corresponding relations implied by equations @) (41) implied by re-
lation(38) and the corresponding relation implied by E§)(3vhich are derived in
the context of the theory of gravitational frequency shdsiped on a first-order in-
teraction of light with the Newtonian gravitational fieldR&). However equations
(51) and (52) are to be compared with the corresponding emsaf30 g) and (301)
in TGR.

What is to be referred to as gravitational frequency shift dight ray as it
propagates from vertical height H, (or from anywhere fot thatter), to the surface
of the earth in the context of GR2 is given from Eq. (51) asoiol

GMe GMegvo, 1 1
A ~ — 1+ ~ P
(Aven)ere ~ vE = vo( (re + H)c2) ¢ re re+ H)
Hence
GMEVO

(6vEH)orR2 = VE — Vo & (53)

rec?
And the frequency shift at height H above the earth’s surédcelight ray emitted
from the surface of the earth or from elsewhere is

GMEVO

~ (re + H)c? ()

(0VHE)GR2 = VH — Vo

Equations (53) and (54) in the context of the theory of gedidnal frequency shift
(GR2) based on propagation of light in Schwarzschild geonietGR, corresponds
to Egs. (30a) and (32a) respectively in TGR.
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We have isolated three distinct theories of gravitationediency shift of light
in this article namely, the gravitational frequency sHiiary in the context of TGR
(Theory 1) of the preceding section; the gravitational @reracy shift theory due to
Albert Einstein, in which light inherently has first-ordertéraction with the new-
tonian gravitational field in GR (Theory 2) and the gravitatl frequency shift
theory based on propagation of light in Schwarzschild geonie GR (Theory 3).
The results of the three theories are summarized in Tableddse of comparison.

One finds from Table | that the two theories in existence in @Rely, Theory 2
and Theory 3, dter significantly from one another, whereas Theory8ed$ from
Theory 1 only in sign. Interestingly the shifts in frequerasylight propagates from
the surface of the earth to a height H predicted by Theory th@rcontext of TGR)
and Theory 2 (Einstein’s theory posited on a first-orderradgon of light with
Newtonian gravitational field) are the same. Clearly thigsiar point of agreement
of the two theories does not mean that they are both corredbrmal critique of
the conceptual and geometrical foundations of Theory 2 drebily 3 shall now be
given.

4.3 Critique of the theories of gravitational frequency shift of light in general
relativity

Let us start with Theory 2 in Tablel. In Theory 2 is the inhérassumption that
light interacts with the Newtonian gravitational field. Eiein’s argument in sup-
port of this assumption presented earlier in sub-sectidrcdlminates in Eq. (42),
which relates radiation energl, = hv, to increase in massM = M’ — M. How-
ever the mass-equivalent of proper radiation enemgy, = hvo/cﬁ, referred to as
photonic rest mass, which evolves in the proper Euclideapa®ex’ in the context
of the theory of absolute intrinsic gravitpAG), at the first stage of evolutions of
spacetimg@ntrinsic spacetime and paramet@rginsic parameters in a gravitational
field is absolutely massless. It is equivalent to zero restsnoé a material particle
or body. Thatis, it is equivalent to zero gravitational m@stss and zero electromag-
netic (or dynamical) rest mass, as stated explicitly by E@) 6f Article 11 [4].

It follows from the foregoing paragraph that the radiatiovergyy, E = hvyg,
transferred to the body W of inertial mass M, upon lowering tiody from frame
S through height H to fram&, in Einstein’s thought experiment presented earlier
in sub-section 4.1, cannot increase the mass of W'tatiMhe classical gravitation
regime in which Einstein had argued. There is however a skoodter interaction
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Table I: Results of the theories of gravitational frequency shiffGR and GR.

Theory 1 (TGR)

Theory 2 (GR1)

Theory 3 (GR2)

Mass relation

Local frequency
relation

m=
n_b(l _ ZGMOa)

re

V=

_ GMoay1/2
VO(l Ve )

m=
mo(1 - 532

V=

vo(1- )12

Change in
gravitational
frequency as
light propagates|
fromrytors

— GM a o
Avyy = —F—

1_1
7 7
SN

Shift in
frequency as
light propagates|
fromrytors

GMyaro
r,c?

6vo1 = —

GM v
Ovo1 = 2 2

1 1
X (r2 - r

Change in freg-
uency as light
propagates from
earth’s surface
to height H

gH v
cz

Avhe =

— __g
Aven = -3

Shift in freg-

uency as light
propagates from
earth’s surface

to height H

GMan Yo

OVHE =
_ GME Vo
(rE+H)C2

_ GMew
OVHE = (re+H)c?
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of light with gravitational field that causes photon to passaegative geometry-
induced passive gravitational mask,(r')hvo,/c, = —2GMgahvo,/r'cic2, in the
context of TGR, as found in Article 27 [13], see Egs. (71) 9 @3hat article, which
will cause the weight of the body W to decrease in Einsteimaight experiment.
The mass of W will remain unchanged from its value M upon tiemig radiation
energy E to it classically. This then invalidates Einsteia‘gument and Eq. (42)
derived from it. The conclusion of the argument that lighd fiest-order interaction
with the Newtonian gravitational field is consequently iitia

The relativistic gravitational potential and gravitatdmelativistic frequency re-
lations derived in the context of TGR namely,

D(r) = &'(r')(1 - 2GMoa/r'c)"? and v = vo(1 - 2GMea/r'c))"?,

which must be employed in a gravitational field of arbitrangsgth, were unknown
to Einstein. Rather the equivalen®¢r) = @’(r’) and the equivalence = vq in the
absence of special relativity, which the principle of eqléwice implies at a point
in a gravitational field, were applied by Einstein in a gratianal field or arbitrary
strength in his argument. Thus Einstein’s argument is taatant to allowing light
of classical (or natural) frequenay to interact with the classical gravitational po-
tential®@’(r’) = @(r) from the point of view of the present theory (TGR).

The Theory 2 of gravitational frequency shift inherentlg@ames that a light ray
possesses positive equivalent inertial mass that intereith the Newtonian grav-
itational field, according to the foregoing. According toebiny 2, this interaction
leads to a decrease or increase in energy (or frequencyg difgtht ray, as the case
may be, as it propagates between two positions éidint gravitational potentials
in a Newtonian gravitational field. Theory 2 is definitely naid because of this
inherent underlying invalid assumption.

In the case of Theory 3 in Table |, it shall simply be noted thatasymptotic de-
finition of local energy relation in a gravitational field iegeral relativity given by
Eq. (44), described as “law of energy red-shift” earlienat a valid relation when
the particle in motion on curved spacetime in a gravitatidie#d in the context of
GR is photon. The reason for this is found in the new spacditimni@sic spacetime
geometry for the theories of relativity and gravitation fre tfour-world picture of
the present theory. As has been established in [1], the ¢ighe concept does not
exist in the new geometry. Thus light does not propagategatiba surface of the
light cone in the new geometry. Rather the absolutely masglarticulate nature
of the photon—the photonic mass—naturally propagates at speedalong the
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light-axis y that lies parallel to the time dimensian, while the wave nature (or
radiation)hv of photon naturally propagates at speg@long a coordinates,r that
can be along any direction & as already introduced in [2], and shall be embarked
upon and developed fully in an article later in this volumen tBe other hand, the
three-dimensional inertial mass of a material particle or body exists and moves
in the Euclidean 3-spacg while its one-dimensional inertial masgc? exists and
moves in the time dimensiat, as has been shown graphically in the previous arti-
cles.

Thus when a material particle is in motion on the proposedezispacetime in
a gravitational field in GR, its inertial mass moves on curved 3-space, while its
one-dimensional maggc? moves in curved time dimensian. On the other hand,
the absolutely massless photonic magsmnoves along the curved time dimension
ct, while the wave nature of photdm moves on curved 3-spa& An implica-
tion of these is that, while the components of the Schwailtbatetric ggo andg;1
retain their usual roles when describing the motion of nialt@articles on curved
spacetime in a gravitational field in the context of GR, thaystrbe interchanged
when describing the motion of photon (or light) on curvedcgtane in the context
of GR. In other words, while the metric tensor with signatis#e-——1] is valid for
the description of the motion of material particles on cdrgeacetime in GR, the
signature [———] must be adopted for the description of the motion of photom (
light).

As follows from the foregoing paragraph, the component eftetric tensor
goo in the “law of energy red-shift” (44) must be replaced gy when applying
that relation to the motion of photon (or light) on curved agtime in GR. In other
words, that relation must be modified as follows in the casghoton (or light) as
the moving patrticle,

E = lg11(NI"?Ejpcal(r) = constant (55)

The frequency relation (48) implied by Eq. (44) becomes tlewing implied by
Eq. (55)
2GM
v =lgn() 2 vo = (1- T2
Relation (56) is the same as the local gravitational frequeelation (or gravita-
tional-relativistic frequency) (8), foN = 1, implied by gravitational time dilation
in the context of TGR, except theftirence in the notations of GR adopted in (56)
and the notation of TGR in (8). The notation in Eq. (56) can tepted in Eq. (8)

)2 vo (56)
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of TGR in the weak gravitational field limit for WhiCh@\/Ioa/r’cg >> 1. Thus
once the “law of energy red shift” (44) has been modified ag&s). when being
applied to photon (or light), leading to the frequency riela{56), the second theory
of gravitational red shift in GR (Theory 3), becomes the sa®s¢he valid theory
of gravitational red shift in TGR (Theory 1), at least in theese of one spherical
gravitational field source of weak gravitational field, faniegh 2GMga/r’ ~ 2GM/r

is a good approximation. On the other hand, the theory ofigiganal red shift
implied by “law of energy red shift” (44) or the implied fregucy relation (44),
described earlier, is an invalid theory.

Theory 1 of gravitational red shift in Table I, derived in ttentext of the theory
of gravitational relativity in section 2 of this article, ise authentic theory. In this
theory, the period of oscillation of an electromagnetic &awhich is emitted at
radial distance from the center of a gravitational field source by an emitteest
relative to the laboratory, or which is emitted by a ‘statiofi source elsewhere
and is propagating through this position, possesses |aeaitgtional-relativistic
frequency of Eqg. (8), foN = 1, as a consequence of gravitational time dilation in
the context of TGR.

5 The experimental aspect

The Pound, Rebka and Snider experiment (PRS), [5, 6], has fleeearked to be
the most accurate test of gravitational red shift relatibiifteory 2 so far [8]. The
experiment applies the dssbauer ffect. The®'Fe has a line near 14.4 KeV with
fractional width of 107, If a radioactive sample ot’Fe is placed near a non-
radioactive sample of the same material, a large fractioth@fgamma radiation
falling on the sheet is resonantly absorbed. If howevereeithe absorber or the
emitter is moved at a velocity of only a few millimeter per @ed, the consequent
Doppler shift becomes as large as the line width, and resatsorption falls &
very rapidly. This is the Mssbauerféect used to detect quite small frequency shifts.
Inthe PRS, the emitter and absorber were placed at opposissoéa 22.5 meter
helium-filled bag in a shaft in the fferson Physical Laboratory of Harvard Univer-
sity. Resonant absorption of gamma from the emitter wasdostto gravitational
red shift of Theory 2 in the context of the general theory dditieity. Now let the
emitter be moved vertically upward towards the absorbessatall velocityv. Then
the frequency of the emitted light pulse is given relative to the absorientthe
theory of Doppler &ect in special relativity as follows in the situation whag#t is
emitted along the direction of motion of the emitter, whiskalong the line-of-sight
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of the absorber,
1+v

ﬁ;)m ~ vo(1 + v/C) (57)

It is the Doppler blue-shifted frequeneythat is then gravitationally red-shifted
upon reaching the absorber. That is, it is the frequendyat must serve as the
proper (or natural) frequency in the gravitational redtstefation in the context of
Theory 2. By moving the emitter at the appropriate veloc¢hg Doppler blue-shift
due to motion can be made to completely nullify gravitatioreal shift, thereby
restoring resonant absorption in the absorber at the toptiek shaft. This basi-
cally is the principle of the experiment.

Now let us again summarize the three theories of Table |, drtfor the purpose
of determining whether the PRS has tested any other theamt &aipm Theory 2,
which the experiment is usually known to have tested untiv.nbet the top end
of the shaft where the absorber is placed be A, while the basserthe emitter is
located be B. Then Figs. 1(a) - 1(c) illustrate the experinfi@nTheory 1, Theory 2
and Theory 3 respectively.

As indicated in Fig. 1, the gravitational potentials at fiogis A and B appear
in Theory 1 (in the context of TGR) and Theory 3 (in GR), whilaytational po-
tential at A and B measured relative to position B, (the bdshe shaft), appear
in Theory 2. Moreover gravitational frequencieg andvg at positions A and B
appear in Theory 1 and Theory 3, while the natural frequep@ppears at position
B and the gravitational red-shifted frequengy due to passage through height H
of the light ray, while interacting with the Newtonian grational field, appears at
position A in Theory 2. Then we must replace the natural fezay vy in the red-
shifted frequency, at A, given earlier by Eq. (39) in the context of Theory 2, by
the Doppler-shifted frequenoyof Eq. (57) to have the following in the context of
Theory 2

v = vo(

va = v(1-gH/c?)
~ vo(l+v/c)(1-gH/C?)
~ vo(l-gH/C +v/c) (58)
Hence s
(dor = 72 = ~gH/E + vjc (59)

Resonant absorption of gamma will occur in the absorbereatap end of the
shaft when the resultant shift in frequency is zero. Heneewtlocity at which
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A A A
VA= \ , Va=
Vo(1-GMp/(i+H )<Z) {VA =vo(1+gH/e) | 1\(\) (1+GME/§r +HI?)
dpA=-GME/(p+H ) AdagH @, =-GMe/iH)
X 2
(1-GMe s+ )) G/ 1)
H
VB = VR =
B
vo(l— GMg /% cg ) Vo(i+GME/rc?)
Dp=-GME/1; A(\I/)B - \6‘) ®p=-GME/Ig
X(l-GME/rEcé) B x (+GME/rz¢?)
B B B
(a) Theory 1 (b) Theory 2 (¢) Theory 3

Fig. 1: The Pound, Rebka and Snider experiment illustrated for threadsef gravitational
frequency shiftin TGR and GR.

the emitter must be moved upward for Doppler blue shift to gletely nullify the
gravitational red shift predicted in the context of Theoiig Zjiven by lettingsv to
vanish in Eq. (59) yielding the following

v/c~gH/c% (in Theory2 or GR1) (60)

Thus for H=22.5 m and ¢9.81 ms?, the predicted emitter velocity in the context
of Theory 2 is 73575x 1077 ny/s or 73575x 10~* mmys. In the PRS, an emitter
velocity of 7.353x 10~* mnys, which represents 0.9994 times the predicted value
was reported. The gravitational red shift relation (39)he tontext of Theory 2
must indeed be adjudged to be confirmed by PRS.

Let us now interpret the result of the PRS in the context ofofhd. Let the
emitter at the base B of the shaft be moved upward at a low igloctowards
the absorber at the top end of the shaft in Fig. 1(a). Thenrdwuéncyvg of the
gamma rays leaving the emitter towards the stationary absaufers both local
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gravitational red shift and Doppler blue shift due to the immtof the emitter at
velocity v’ towards the absorber, and is given relative to the absosbkilaws

vo(1+v'/¢)(1 - GMoae/rtCh)
vo(1 — GMoae/r£C +v'/c) (61)

Q

VB

Q

It is possible by moving the emitter towards the absorbehagppropriate ve-
locity for Doppler blue shift to completely nullify graviti@nal red shift, so that the
gamma emitted towards the absorber has the natural fregugrat emission. Let
the velocity of the emitter towards the absorber when thisiebeyy. Then

ve = vo ~ vo(1 — GMoag/r£C- + vo/Cy) (62)

Thus by moving the emitter towards the absorber at velagjfynatural condi-
tion, that is, absence of gravitational frequency shiftdfishd absence of special-
relativistic Doppler shift due to relative motion), ifectively attained at the emitter;
the emitter therebyfBectively emits gamma of natural frequengy

The gamma ray of natural frequengyleaving the emitter that is being moved
at velocityv, towards the absorber in Eg. (62), propagates through heligharrive
at the absorber, andars local gravitational red shift to frequengyin the context
of TGR at the location of the absorber where,

GMoae
(rg + H)C?

va = vo(l-— ) (63)
The change in frequency of the gamma ray in propagating fl@remitter to the
absorber is then given as follows

6vag = VA— Vo
GMoae GMoae

vo
AT +22) (64)

! ~2
rECy G

1
<
o

—~
|

wherevyg in in the first line has been replaced by the right-hand sidegp{62) to
have Eq. (64).

Equation (64) expresses gravitational red shift sifws; is the diference be-
tween the frequencya observed (or measured) at A and the natural frequesndy
order for resonant absorption to occéiwag must vanish, and this can be achieved
by controlling the velocity of the emitter towards the alimarto an appropriate
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velocityv. That is, by lettingpg = v, we must lebvag = 0 in Eq. (64) to have

GM GM v
vo(l— 8 ) _yp(1- 2 4 )= 0 (65)
(rg + H")CG recs c,
Hence
v _ GMan _ GMan
c @ (p+H)R
GMggeH’ 1
—( —) (66)
erg "l+Hrg
or
v/c~ g’H'/c2; (in Theory 1 or TGR) (67)

sincerg >> H’.

Thus the velocity at which the emitter must be moved towah#sabsorber
for resonant absorption to occur predicted in the contextteory 1, (or in the
context of TGR), expressed by Eq. (67), is the same as thdiged in the context
of Theory 2 expressed by Eq. (60). It follows then that theey of the emitter
towards the absorber to restore resonant absorptior868% 10~* mnys reported
in the PRS experiment represents 0.9994 times the prediatad in the context of
Theory 1, or in the context of the theory of gravitational shift in the theory of
gravitational relativity.

The fact that Theory 1 and Theory 2 lead to the same expresiche ve-
locity of the emitter required to restore resonant absorpith the absorber namely,
Egs. (60) and (67), does not mean that the two theories antigdeor that they
are both valid theories. The condition for restoration aforeant absorption in the
context of Theory 2, which follows from Eq. (60) is the follow

—gH/c? +v/c=0 (Theory2) (68)

And the corresponding condition in Theory 1 is given from &) or (67) as fol-
lows

GMoae GMoae v
i e Cre) =0
(re+H )cq recs c,
o GMogeH’ 1
ot N

crg Cl+H//r” ¢,
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or
g'H’/c; —v/c, =0; (Theory1) (69)

sincerg >> H’.

The gravitational red shift at the location of the absorbegeihds on the grav-
itational potential at the location of the absorber solelyhie context of Theory 1,
whereas it depends on thefdrence between the gravitational potentials at the loca-
tions of the emitter and absorber in the context of Theoryeéndé the two theories,
(Theory 1 and Theory 2), diverge as regards the predictiaeafshift, as can be
seen from the expressions fbr; in the two theories in Table |. However as regards
the prediction of the velocity of the emitter towards thea@bsr that restores res-
onant absorption, the two theories are in agreement, bedhasrequired emitter
velocity depends on the fierence between the gravitational potentials at the loca-
tions of the emitter and absorber in both theories, as Egy.46d (69) show. It
can also be observed from Table | that the expressions fattifiein frequency as
a light ray propagates from the surface of the earth to a héighamely,svey are
the same in both theories.

In Theory 2 is the inherent assumption of fundamental (orsa-€irder) inter-
action of light with gravitational field, thereby conveuiits (radiation) energy to
changes in its gravitational potential energy. Thus in Th&) gamma ray is emit-
ted at its natural frequenocy from the stationary emitter towards the absorber, and
upon climbing height H, has gained gravitational potergiargygH hvo/c?. Since
energy is conserved, gamma ray has lost equal enkrgy= hvg — gH hvo/c?, at
the location of the absorber.

As concluded at the end of the preceding section, Theory Btiam authentic
theory because of the invalidity of the underlying assuoptf fundamental (or
first-order) interaction of light with the Newtonian graibnal field that is inherent
init. The fact that the PRS confirms relation (60) derivedhm¢ontext of this theory
does not alter this conclusion. It should be of some intdrespistemology that
an authentic experiment supports an invalid theory. On therchand, Theory 1
is the authentic theory, as concluded at the end of the piregesection, and the
confirmation of relation (67) derived in the context of tHigory by the PRS is one
experimental support for the theory already.

The interpretation of the PRS in the context of Theory 3 wity. E(c) is the
same as the interpretation of the experiment in the confekheory 1 concluded
above. The condition for restoration of resonant absangtiche context of The-
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ory 3, which corresponds to relations (68) and (69) of Theband Theory 1 re-
spectively is the following

gH/c +v/c=0; (Theory3) (70)

Thus Theory 3 predicts that the emitter at the base of the shdfe PRS must be
moved away (i.e downward) from the absorber at the top oftilaé st a velocity of
7.3575x10~% mnys for resonant absorption of gamma to be restored in the ladgasor
which is opposite the direction of motion of the emitter ie #xperiment. The PRS
confirms the invalidity of Theory 3 that has been concludetiépreceding section.

This first part of this article shall be ended at this pointjlevthe second part
shall be devoted to the second-order interaction of phatotight) with the grav-
itational field and its implications. The recommendatiomalshlso be made that
experiments must be performed to test the predicted gtevritd red shift due to
the combined gravitational fields of the Sun and the earthércbntext of TGR of
Eq. (13) or (14).
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