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Theoretical Result of Deflection of Light
Under General Relativity Could Be Wrong

J A Franco R!

ABSTRACT: In previous works, it was established the correct equation that governs gravitational effect
of a massive body, considered it with a fixed and constant mass M, on a planet of mass
3 d?r dm
m= MO/(].—VZ/CZ)A , moving at velocity V and momentum P, became: dt—z— I’.a)2 +W: -G,
m.

where the value of the gravitational field G exerted by the massive body on the planet's variable mass was

2.G.M v_Vdv(pO p]

r’ v, dr
P P
P Po

momentum for the planet attracted by the massive body, at its nearest point ( I;). Through these equations

P Po

found to be: G = , denoting by P, the constant value of the linear

and that of Energy, AK =K - K, = m.(2v% —c?) - mo.(2.V02 —¢?), was obtained also in previous work a

very approximate value of Mercury’s precession. In present work we address a photon’s motion around a
massive body by doing the same treatment done for any mass. The clue to do this is due to realizing that

photon has a real mass (depending on its linear momentum P, kinetic energy E or/and frequency v ) given

E hv
m= B == and thus, it is susceptible to be attracted by another mass. According to this work, this is
cC ¢ C
a consistent, general and natural way to attack the problem of photon’s motion.

KEYWORDS: Universal Gravitation, Kepler Laws, Vectorial Lorentz Transformations, Orbital Precession,
Bending of Light, STR, GTR.
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l. INTRODUCTION

This work is a continuation of previous one on vectorial relativity referred to: Gravitation and
Precession of planets [1]. In present work it is derived an exact equation of a photon motion around a
very massive body (a star or Sun) and a very approximate expression of angle of deflection as an
effect of the variation of the photon’s mass in its curved motion. In Section Il, in order to put clear the
used procedure for achieving such derivation we repeat that appeared in [2]. In following sub-sections
of this part Il is discussed how the consideration of variable mass of photon or a planet inside Vectorial
Relativity Theory it allows calculating the effect of light deflection and precession observed in planets
motion. Also, the consistency of our calculations and those given by the General Theory of Relativity is
analyzed. At the end of this work are presented some conclusions.

Il RELATIVISTIC (VECTORIAL) ANALYSIS FOR PHOTON’'S MOTION.

In this part it is shown that analysis of the mass of a photon, treated as a variable mass (or relativistic),
attracted by a massive body with a gravitational force given by the Newton’'s Universal Law of
Gravitation, leads to an erroneous and fallacious result. This could indicate that the treatment of
gravitation when variable masses are taken into account either is not so simple as it was for constant
masses, or indicates that something is overlooked in Newton’s Universal Law of Gravitation. Let’s see.

It is known that although photon does not have rest mass when it is traveling at speed C, it has a non-
. . : E : .
zero mass given by the correct relationship, m=—- = P [2]. Given this feature of photons, they can
c c
be attracted by the gravitational field of a massive body and take a curvilinear path as any other body
does it. Let's recall that when a photon changes its mass only changes its frequency, so, its velocity

magnitude, C, remains as it is: an universal constant.

By Letting a photon be attracted by a massive body, approaching onto it at a minimum distance
denoted by a radio-vector R,, measured from center of mass of the massive body to a point P,

located at this minimum distance, such that radio-vector R,, forms an angle of 90 degrees with the

photon’s vector velocity €, atP,. With this in mind, let's try to find the deflection of the photon,
produced onto its variable mass by the gravitational field of the massive body.

By considering an unknown gravitational force F as central, to be determined [2], and putting photon

mass M as the quotient between the linear Momentum p, and the speed of light C, m :B, we can
c

write in general that:
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dp

—=-F.U 1

dt ' 1)
where U, is the unit vector on the direction of radius. Minus sign indicates the contrary sense of the
centrifugal force, % Thus, by making: p = (BJ.C:

c
d(pcj
do_ e )_(pdle),cdp)_ 2
dt dt c dt c dt

Expressing in polar form for plane curvilinear motion the vector velocity of light , €, and its acceleration
dc . . S L .

vector, —, as function of the unit vectors U, (U, =cos@i+sindj) and U, (U, =-sinfi+cosdj).
dt

The angle @, swept by radio-vector r of the photon’s mass in its movement with origin in the center of
mass of the massive body, beginning at P, for =t =0, until a generic point of the trajectory, P .

Operating on r=r.U,, we obtain:

E:c :K.Ur + r.d—e.UQ :ﬂur +roU,
dt dt dt dt
dr
c=—U, +r.ouU 3
dt” " ’ )
2 2 2
do_ d—zr—r{d—@j U, +[r 30, dr 40, (4)
dt dt dt dt dt dt
Substituting these results in (2), dividing by B, and simplifying, it follows that:
c
2 2 2
u—r.(d—e) +1@ﬂ U, + r.d—6+ Z.K.d—9+L.d—p.d—9 U, =-¢U, (5)
dt? dt p dt dt dt? dt dt p dt dt

Given that gravitation is associated to central force this vector equation originates the following two
conditions:

a) What is multiplied by U,, must be zero because gravitational force only have component on

the radial direction, U, , and
b) What is multiplied by U, equals ¢ =-—C.
p

By preserving the definition of the unknown gravitational field, of being the quotient between the
gravitational force and mass, the following relationships are valid:
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®__Fu, o dedr_ ey, =  dpc=-Fdr
dt dt
dp F G G.p F.c ©)
—=-—Jdr=->%-dr for, F=>—; or, G=—
p p.c C c p
Where G, denotes the unknown gravitational field. From here, we can have the following two
presentations of the equation of motion:

d?r  (do) 1 dp dr
1 —r—| == — == 7
) dt? (dtj p dt dt g "
d?r , F dr dr d?r 2 G (o 2o
——rW ————=— T —Z\C" -0 r°)=—
dt? R i S i

d’r 2 G 22
2 ——ro +=Zwr°- =0 8
) o2 o2 (8)

From condition a) in equation (5) it is obtained the conservation of a constant angular momentum:

B.rz.a):&.roz.a)0 =L. This also can be put as: p.r’.o= p,.r;.w, =Lc =K, where K is another

c c
constant quantity. On the other side, we had obtained in [2] the following exact expression for
photon’s motion:

ar) , o, (1 1 , L1 1
— | = =°r |——7|+ C|l— 9
[dtj q rOZ r2 pO pg p2 ()

In this same reference we also had assumed a general expression for the squared radial speed qz,
that contains an additional factor of linear momentums quotient multiplying its second term [2]:

2 .4 2
p=“hPofl 1) oomPfl 1 (10)
p Zor plr r

Where, G is the known gravitational constant, and M the massive body’'s mass. The previous
expression meets conservation of angular momentum law and consistently g equals speed of light at

infinite radius. Also, reduces to the classical Newtonian expression for circular motion. It takes implicit
assuming the equality given next:

pg.cz.[i—izj=—2.G.M.&{i—iJ. (11)
p

Py plr r

This relationship allows deriving the following mechanical relationships [2]:
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2.G.M G.M
2 2
G=Fr——= —— (12)
(p+p°J GM (1 1)),
Po P ¢ 1, r)) "
i 2
GM (1 1 GM (1 1
ol
¢t r ¢t r
: oM (1 1)) GM (1 1
SIEEE
S A ¢t \rp r
r= fo (15)

A) CONSISTENCY OF GRAVITATIONAL FIELD EXPRESSION FOR PHOTON.

In fact, additionally to controls done in [2] for angular momentum conservation, value of g =c at infinite
and classical value in circular motion, let's verify that expression for pin (14), meets the general

relationship: d _ G

pdr ¢?’
2
Let a:\/{G'IZVI .(i—ln +1. Thus from (14), p= po.(\/a2 +1—a). Taking derivatives
c h I
da
e G0 B A R .
dp dr _Wa?+l _Wa’+1 da_ 1 da
pdr [/ ) / 1 a) (/ ) [/a2+1—a) dr Jaz,q dr
da d _GM i
dr dr c? r?
2
Substituting —(—°+—J=\/[ IZVI [E—EJ] +1, and % GIZVI i into previous expression:
P Py c h r ar  ¢® r?
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G.M
r.2
GM 1(Po P
dp 1 da_ c2.r2 2\ p P
—_ —_— = == 5 =
pdr \JaZ11 dr \/[G.M [1 1]}2 ¢
|| 1
c rh
It is obtained effectively and consistently that: d—s = —% (16)
p.dr c

Another shorter way to demonstrate this, comes from the fact that for photon the expression of energy

(also) in Vectorial Relativity is E =m.c? =%C2 = p.c. In fact, given that in general, F =m.g =%g:
%.drsz =—F.dr = d—Ezcd—pz—F =—£.g = cﬁz—ﬂg = ﬂ=—i
dt dr dr c dr c pdr  c?

B) OTHER POSSIBLE CRITERIA FOR DETERMINING THE CORRECT FIELD EXPRESSION,
FOR PHOTON AND ALSO FOR PLANETS.

The assumed expression for the second term in equation (9) passed some controls and criteria, but for
the sake of generality let's start again, but with a generic family of possible solutions for photon’s
motion given by the expression:

Y B PYeTY p—SrZ" L 1 | for s n—generic exponents (17)
qQ =a.r. r2 2 ’ IR U T 2n+1 » N=9 P
0 p fo r
S
Where, its peer for masses is: q° = coz.r“{iz—iz]—Z.GM ,m_‘:.roz"{%—%] (18)
2o m Iy r

Equation (18) is only given to compare later with that used in GR for calculation of precession of
Mercury.

1) Let’s check for Angular Momentum L = or?. 2 and K=cL. Given that c2 = q? +w’r:
c
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2 2 .2 > 41 1 Py 2 1 1
¢ et menT '(r_z_r_z —26M.—C 0 T T e
0 p I r

2 .4 2 2
sza)-zr p——ZGI\/I po Ozn{i_iJ — 2= K _2GM. po Zn[i_il
r

I p p I,.02n+1 p2n+t roz P 2 p 02n+l p 20+
2.GM pg I,2n+2 1 _ 1
. AT (R
2 _ 2.2 .2 po Po [ 2n+2 1 1 ) ps? I,02n+1 p 20+l
Ke=cry.p°. +2GM.—— —S S| = K2 = s
0 2 fo ' 1-P
Ps

On the other side, in elliptic motion, at aphelion variation of radius is zero. Thus, from (17)

2.GM. P 02“( 1 _1J
a2 2n+ 2n+
02 =0=w’ rz[i_i] P 2GM Po _rOZH[ 1 1 ] 2 Pa A

T2 2nil . 2ndl a — 1 1
A e

o r
pg 2n 1 1 pg 2n+2 1 1
2GM. 52 To '(r2n+l T onn 2GM. ps—Z To 1 2nil ~ 2041

a

Ka — pa 0 ra _ a ZrO ra
1 1 1 Pa
2 2 - 2
2 r2 Po
2 2 2
I
= 1—p—z— —lz = piri=pirt=L? =—
Po ry c

This means that any member of this family meets conservation of Angular Momentum.

2) Now, let's check that for infinite radius, q =c?:
2
g2 =a)2.r4{i2—i2j—2.GM & ron.(—iﬂ ——iﬂj:wz.rz{r—z— J—Z.GM & fo”-[—iﬂ ——iﬂj
rZor pe I r I pe Iy r
2
3 LY PPy CIVIL P N S
2 ) L po i, 1 1 2 o p° hoooore
q :(C —-q )r_z_l - 2GM. 0 1 et~ ponn =0 = r2
0 0 1+ -1
o

2 2 2n 2 2n
im i Iy I . Ty r r
Lim q? = Lim ¢?. rz -1 02 +2.GM. Po = L S =Limc?|1- +2.GM. Po 02.—1— o =c?
r—w r—o Iy r pS r o rent o r pS r r 20+
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As we see, any member of this family of possible values of this second term meets the control at

infinite of q* =c¢? for finite values of n>-1 and s>1. So, it is necessary to build some other criteria for
discovering which one of this family could be the correct chose.

3) Let’'s derive a generic expression of the gravitational field relative to photons for this family:
S
ZGME_(LLJ pg.cz.[%_%]
0 0

2 1 1 c® (p° -2
_Z'GM'ron{rOZml - I,.2n+1 = pS—Z ’ p_g_ ps

Taking derivatives relative to radius:

(2n+1) c¢? (s.p*t s )d c? (s.p° ) d
_Z'GM'rOZ ( 2n+2j_ ( pz _(S_Z)p 3J_p: 5_2'( i —(S—Z)D ZJ.—p

r ps " L P drope p.dr
n(2n+1) .
_ZGMJf'(HMZ} 0
s.p° .
d ‘Z-GM-foz”-(zrz\nlej [ ppz —(s-2)p 2} 2.GM.r02”.(2r2‘:21j
pgr ~T7 (s o r _ 0 2 =_Ci2:> G= = .= (19)
s-2 ( 3 —(S—Z)F’mzj ('s—(s—2) Szj
Po 0 Po Po
Let’s build the possible candidates to be chosen for the Gravitational Field, ¢, in the next table:
G n=-1 n=0 n=1 n=2
GM GM GM GM
—275 23 6.r—4.r02 105 Iy
s=1 0 -_— __r _r
25 | B9 | B | R
Po P Po P Po P Po P
2 2 2 2 4 2
5= 2 L CM B som. L Po | s5om fo Po
b P r- p r-p ré p
—Z-G'Z/I 2.% e.ﬂ.rg 10.%104
fo r r r
s=3 I —
3p® p (B.pe’_pj (B.pe’_pj £3.p3_pj
S Po ps Po 5 Po s P

Table 1. Expressions of the Gravitational Field for photons. Our choosing in yellow.
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Following a similar procedure was the expression of the gravitational field for a similar and more
general family in connection with planets, whose applications can be seen in Table 2:

2n+1) v m® v ms2 V, | v.dv
26M 2 2 L (s=2)———(s-2 JERUE Pt
0 (rz””jvo {( )mSV ( )mg-2 VJ dr
G= : > (20)
m° v m> < V,
[s.s—(s—z) - ]
my Vo mg - V
g n=-1 n=0 n=1 n=2
GM v P p|vdv| 2GM v Pp p |Vvdv GM , v (p, p |vdv GM,vVv (p pvdv
B B e T e R TV TR L
s=1 h Vo \P Pp)dr | r® Vo Up o) dr r " Vo \p pp)dr r V% \p pjar
G TR G | G
Po P Po p P P kb P
GM m? GM m¢ GM , m§ GM , m]
s=2 =——— —— 3— 1. — 5.——t —
kb, m r m r m r
GMv _(nf p_p|udv |, GM v [m’ p P |vdv|6GM ,v (' p _p|udv 105 R |y
s=3| BV mMm pJdr |72V (mip, pSdr | UV (g p)dr " \mfp p)dr
(,mzp_poj L PR ( mzp_poJ ( mzp_poj
M P mp, P R P LT

Table 2. Expressions of the Gravitational Field for planets. Our choosing in yellow.
One first additional criterion is that ¢ should behave inversely proportional to the squared distance to

the center of the massive body (or approximately at least, according to the inverse-square law of
fields). This control should lead to discard those values of ¢ for n=-1, 1, and 2, and leave only G for

n=0 for any value of s. Another reason to be eliminated ¢ for n=-1, comes to consider that ¢
should be positive (attractive), and as it can be seen form tables, such values are negative.

4) Another criterion to use in choosing the adequate value of the gravitational field to be assumed
could be one such that in case of circular motion of photon it should reduce to that of Newton. For
circular motion r=r,, p=p, and we observe from the table that those expressions of ¢ in which:

a) n=-1, for any value of s it is obtained that G reduces always to the non-Newtonian value
_ GM
g_ roz '
b) n=0, for any value of s itis obtained that G reduces always to the Newtonian value ¢ =%.

I
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C) n=1, for any value of s it is obtained that ¢ reduces always to a non-Newtonian value
_3GM
2
d) n=2, for any value of s it is obtained that ¢ reduces always to a non-Newtonian value
GM
g = 5—2 .
o

According to this criterion those g where n=-11, 2 should be discarded as a valid selection.

5) Another criterion is that the expression of gravitational field should be valid either for a planet of

mass m

planet 1

or for a particle, such a photon, of mass m g, P Say, the expression of the
C

gravitational field for a planet, with variable velocity v should reduce to that for photon with constant
velocity c.

As it can be checked from Tables 1 and 2, the whole family meets this criterion. Nevertheless, what
this means is that if in any theory we find solutions where the expression for masses does not reduce
to that of photon for v=V, =c, we can say that there is an inconsistency of such theory.

6) Last criterion: The result of calculating the angular momentum of a planet moving in an elliptical
path must either be the same as taking the origin of the movement perihelion or aphelion. In fact,
deriving such expressions for n=0:

V2 — w2 r2 =a)2.r4.(i—ij—2.GM.mg (i_lj

2

o T m \r, r
2. 4 2 ms 2 ms
v =2 T _s6M. 2.(3—% = v=—F _26M. g_(i_lJ
b m m-\r, r ry.m m \r, r
mS
= L2:vz.roz.mz+2.GM.%.r02{i—1j
m r, r
m (1 1
) ) ) m2 V2 ms , 1 1 ) 2.GM.mS_2 rO _(ro ?
L*=vir,m?’—2-2+2GM.— %I/ ——=| = L*= 21)
0 2y\/2 s—2°0 5
my V, m rh, r 1 p
B
Po

The value at Aphelion, coming from perihelion:
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L% =vi.r>.m: +2.GM My el Lo oveeme Ly +2.GM. M e[t
A A*T0 A m;—z 0 ro rA A0 ArA2 ZZ O r r
mg (1 1
S 2om. ( 1) zou m (30
I m 1 1 m o I
L2A=Li\.i2+2.GM.%.r02.[———J = L= 1A 10 A
Fa My fo Ta __0 5
I‘: fo  Ta
mS
2GM.—~
L2 o m (22)
(1o
| —+—
r0 rA
Angular momentum calculated at perihelion coming from aphelion will be
26M. M
ms
G- M (23)
1 1
| —+=
ra 1o
. 2 2 o ma m, : .
For being Ly =L}, itis necessary that —=-=——-. This is only possible for s=1, in order to have the
0 M
same result in any case, namely, m,.m, =m,.m,

12 - 2GM.my.m, , 2GM.m,.m,

1 1) (1 1
| —+— | —+—
lo Ta fa To
Thus, the best expression (and unique, in our opinion) for the gravitational field, for planets or for
photons, meeting all previous criteria is:

,OM v _(Py_ p|vdv
rrv, Lp p)d

g planet =

9 GM
, which reduces for photon to: G ;.. __r (24)
o i
Po P Po P
C)

EXACT EQUATION FOR PHOTON’S MOTION AROUND A MASSIVE BODY.

The following conversions can be used adequately for obtain a suitable presentation of the motion
equation [5], [6], [7]:

JVR 3 (2008) 2 1-21
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dlt
d_dod K d. 1, r) du_1dr,

dt dt do pr?de’ r do  do  r?de’

2 2
In fact in the equation, ar_ r(%J +£%E = -G, by operating on the first term:
dt? dt p dt dt

dr_afo gl kol K dfam) Kef(s (1)l 10y
dt?> dt| dt| dt| pr’dd|  pr?do| pdo prifldolp))do pde?

K dudp K

d’r _ K? ,ldu(-1)dp 1d°u

- u?l— + u’. u’.
dt? p {de p? do pdﬁz} p* dode p? de?

By using these conversions and others into the equation of motion for photon:

d%r (dejz 1dpdr K2 ,dudp K? ,d2u K? , 1dpadr
—r—=| = —=— U ——-— U ——-— U+ = —.—=—C
dt? dt pdt dt p* ‘dode p?  do* p? p dt dt
Using previous conversions on last term, 1%% we get:

Y

Ldpdr (K dp)(K odr) 1(K odp)(Kjdu) K o dp du
pdd plp do)lp do) plp do) p" "dé p> do de

Substituting and simplifying we arrive at an exact equation of motion for
K=cur,.p, =c.L):

d2r  (do) 1dpdr K2 ,d%u K? , ,(dZu p?
|t = U —— U =G = U —+U|=——G
dt dt pdt'dt p do?  p do 2L

D) AN APPROXIMATE SOLUTION FOR PHOTON’S MOTION.

For a:G.IZ\/I.i_l , p:po.(\/a2+1—aj,and P Po_r a1
c o T Po P

(25)

photon (for

[26]
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_GM .[i—l] =1474.14411.[1—1J
C r

2
lo fo

a=—+|——-=

and in its vicinites r~r, the value of a is CM [1 1J << 1. Also, when
c® \n

Forr, ~GM/c?,

rh,>>GM/c? always a=—+|—-=
¢t \n

bending of light) we can make the following approximations:

2 2 2
2[d u+uj_ p: GM (1+2.a —2.aJ~ p; GM{(l Za)(l—%az)—la}
r

GM (1 1J << 1. Thus, for analyzing these two cases (black holes and

u-, =
do? c2.L? Ja?+1 c2.L?
d?u P GM( 3.0 ) pe GM
u|l= l+—a“-a"-2a|z—— 1-2.
(dez J c’L® r 2° ¢’ r? 7 423

In last expression terms containing squared a or with a greater exponent were discarded. Substituting

a by its expression, and simplifying:

P (oMo 2(32'\"22 p; G’M?
ro-C cll® c?

d?u 1)) c2L?
2
uc. +U|= -—1|= + 2.

do?
Pe G*M p; G*M? 1 G*M?
For «a, = 2|2 [GM - 2. -2 J and ,Bl_c FER _CZ.I‘OZ -2

dZ
= U
(i)

This second order equation has the following exact solution:

2 +(1-2p)u=q (27)

alu +2,B1

(28)

u=A+B.cos(AQ) or u=A+B.sin(A0)

Where, the solution can be done by taking twice the derivatives of u. Thus:

du . d?u )
u=A+B.cos(Ad) 90" ~B.Asin(A6) 7=—B.A .cos(A8)
u=A+B.sin(A6) du_ B.A.cos(A6) L —B.A%.sin(A6)
do deo?

Substituting in the second order equation, we have:

2
392 +(1-28)u=a, = —B.A.cos(A)+(1-2.8)[A+B.cos(Af)]=e,

JVR 3 (2008) 2 1-21 ©Journal of Vectorial Relativity
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ﬂJr(l—z.ﬂl).uzo;1 =  —BAZsin(A0)+(1-2.4)[A+Bsin(A0))= o,

Grouping,
L& +0-2p)Bcos(a0)+1-2.8)A=a,, or [-A*+(1-2.4)|Bsin(a6)+(1-2.5)A=a,

Due to trigonometric functions cos(A@) and sin(A@) are independent orthogonal functions, we can
obtain values of constants A, B and A, by equaling coefficients:

~A+(1-24)=0 = A=\1-25 (29)

a
1-2.58 )A= = A=—"t _ 30
(-28)A=e i=27) (30)
.. .. [04 a
Initial conditions: for =0, u=——=—+B.cos|(l-2.53,)0|=u, = B=u,-——= 31
Y [L-2.5)0]=y, ey (31)
i
Andfor 0=—2 — u=—%_iBsinZ=u, = B=u,-—2
1-2.4, 1-2.4, 2 1-2.4,

As it can be observed, photon’s precession is implicitly contained in the factor A. The complete
equation for photon’s trajectory becomes in both cases given by:

u=_—% +[u0 L].cos@h—z.ﬁl.e) 32)

1-2. T1-2p8

- +(u0— ! J.sin(q/l—Z.,Bl.e) (33)

1-24, 1-2.4,
2 2 2 2 2 2 2 2
Po G'M P G°M Po Po 1
o, =———|{GM-2. and g, = = = 34
' cZ.LZ( ro.czj A ctl? ¢ cfLlP , ,pE o, chaf (34)
¢’ oy
c

It is worth noticing that first equation is referred to an increasing radius, as for example when photon
goes from r, (perihelion) to infinite, or to a radius greater than that of perihelion, for example to

aphelion, describing an elliptic path. Second equation is applicable for a decreasing radius, for r
coming from infinite, or coming from aphelion.

E) DEFLECTION OF STARLIGHT OR BENDING OF LIGHT

1
1 o
Defining h'=—%__ we can obtain a suitable expression for angle: @ =—.arccos r (35)
1-2.4, A 1 4
r-0
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And another one for radius: r:L for ezi—l - h=—Jo
1+e.cos(A6) rh' r,.(l+e)

(36)

Angle @ is the angle that radius sweeps relative to the center of the massive body, when photon
moves around the mass M . Deflection angle, ¢, of a photon is that formed by its vector velocity at

infinity in its parabolic path relative to the rectilinear trajectory as if massive body has null mass, M =0.
Measuring is done from r,, =0, the closest point to mass M , to r = oo . In this way, ¢ is the excess

to % radians and it will be given by:

p=0, L arccod M |_Z- (1+ B, )-arccos T
2 -2. 2 1 ' 2
Ay 1 op L h
f'o f'o

@ = arcsin| —— | + f,.arccos

1 1 1 1

L h L oh

fo o

By considering symmetric paths at both sides of r,, € =0, the total deflection, ¢ = 2.¢p, of photon will
be:

+2/3,.arccos —

1y 1y
I I

¢ =2.p=2arcsin

(37)

Calculated total deflection is: 0.874. This value is half of observed measurements. Given that this
calculation takes into account relativistic considerations, in the sense of considering a variable energy
and momentum of photon (E = pc = h.v, where h is the Planck constant and v the frequency of the
light photon) and that our equations meet general laws in physics, one explanation for this result,
according to us, is the incandescence and density of Sun’'s atmosphere, greater at the near surface
and smaller with increasing altitude, which produces an additional refraction that doubles in excess the
deflection of the starlight. Very known is the refraction that the atmosphere produces on radio electric
waves, when it changes its density, because of clouds or rains. The following section is devoted to a
similar analysis to this of photon, but in agreement with observed measurements.

F) COMPARISON WITH GENERAL RELATIVITY (GR) RESULTS FOR PHOTONS.

In the General Theory of Relativity path of photon originating from infinity in the direction ¢ =0 and
going off to infinity in the direction ¢ = z for large values of radius r is governed by the equation (4.6.4)
that appears in reference [5], repeated here as:
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2
LER :ué.(l—uo. Z'GZM j+ Z'GZM u® (38)
d¢ c c

Under this equation the total deflected angle obtained is « =ﬂ, which gives the famous value of

lyC
1.75", that coincides good enough with the experimental measured value.
du
Let's make some evaluation of this equation. By doing d—uzi and d_uz_gi_r, and putting
dg d¢ dt  r.dt
dt
d¢ . . . o
i w , we arrive at the following equivalent equation:
_odr Y
2
r _dt 2 2 2.GM 2.GM 3 2 3 Z.GM 2.GM 3
. +Uu =uo.[l—u0. -2 + o U’ =ug —u,. o + -2 u
(&)
dt , 2\ 2.GM 3
o’rt _(UO_ ) c2 (0_ )

(g) _qrowrt| L L _2GMra) 1 1) aafl 1) 26Mri’p* (1 1

dt rZor? kord 2 r ofrlp? oo

dr\? 1 1 2GM.K°(1 1 1 1 2GM.K?piri(1 1

(Ej :q2:w2r4-(F_Fj_T[_3__3] w2r4'(_2__2j_ 2 2 4p020 w33
5 Ao r r .

We finally obtain the expression:

dr)’ ., ,.(1 1) 2GM.f.ps 1
— = = r o T — ——— D— - 39
[dt) = rZor? p? reord (39)

By comparing it with the generic expression in (17), it can be realized that equation (39) is a particular
case of that family applicable to photons, for n=1 and s=2.

The corresponding Einstein’s expression of the Gravitational Field for a photon, deduced from (39)
through equation (19), for n=1 and s=2, is:
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Z(2n+1
2.GM.r02 '(2n+2 j 2 p2
G= : = = G poron =3CGM %—g (40)
s.p p r-p
s (S - 2) 52
Po Po

It can be realized that expression (40) does not fulfill the criterion of being inversely proportional to the
squared distance between centers of photon and massive body, as it is suggested by Field Theory,
but to the fourth power of such distance.

. . : GM : : 3.GM
For circular motion they do not reduce to Newtonian value ——, but to three times this value: ——.
o fo

According to these controls, definition of Gravitational Field for photon expressed in expression (40),
coming from Einstein’s GR, is wrong.

Finally, previous controls on developed criteria showed that the value given by GR for bending of light,
although almost coincident with the experimental measured value could be theoretically erroneous.
Thus, measured value, approximately double of calculated in a correct way in this work, could be
justifiable mainly due to additional effect of refraction done by sun’s atmosphere onto the photon path,
previously commented in the last paragraph of part E.

It is noteworthy to mention that in our calculation of Mercury’s precession [1], using left expression in
(24) for planets, was obtained a numerical result very close to the experimental measured value and
very similar to that given by GR. We think that the criterion of using expressions with consistent
structure like that of “what is true for planets should also be valid for photons” is a firm and reliable
one, because the only different aspect in case of photon is that its speed is constant. Equation (24)
fulfills such criterion.

G) COMPARISON WITH GENERAL RELATIVITY (GR) RESULTS FOR PLANETS.

By recalling the general-relativistic equation (4.4.6) from reference [5] and using Schwarzschild
solution as a model for the solar system, it is obtained:

2
du 2.GM 2.GM
— | +u? =E+———u+——u° (41)
d¢ h c
. . . . . du
Where E is a constant related to the energy of the orbit, which for circular motion, u=u,, @ =0:

E=u; ——Z'SZM A, __2.((:32M ul

Substituting and simplifying:

JVR 3 (2008) 2 1-21 ®©Journal of Vectorial Relativity 17



J A Franco R: Theoretical Result of Deflection of Light Under GR Could Be Wrong June, 2008

2
du » o, 2GM (5 4\ 2GM
(d_¢j =Uy —U" - C2 '(uo —u )_ hz -(uo_u) (43)
du
By doing, as before, g—u—i d du ——i, and putting %zw, we arrive at the following

= and — =
¢ do dt  r’dt

dt
equivalent GR equation for planets:
2 2 .4 2 .4
(%‘:) - q? :a)z.r“.(uj—uz)——z'GMc'zw il .(uj—u3)——2'GMh'f) al (uy —u) (44)

Substituting u=1/r, h=.r?, in previous equation and simplifying:

0 = o rA(i_i _2G6M.o*rm’? (i_iJ_z.GM.a)z.r“ (i_lj

2 2 3 3 2 .4

r2or c2.m? 2 or @’ r r, r
2.GM.r?.m?
02 =a)z_r4_[i2_i2 _%_[%_%J_Z,GM{i_EJ (45)
rO r m ro r r-0 r

Under equation (43) or equivalently from this equation, deduced from (43), perihelion advance (or
precession) of Mercury was calculated [5]. Although value given by GR with this development, 43 arc
seconds per century, is in excellent agreement with observed measurements, equation (43) seems
not to be as correct as we would have expected from this result. Let's evaluate this equation in a way
similar to that we have followed for photon. We will start by making some controls for an “elliptic”
motion of a planet by applying the sixth criterion in part (B), which says “The result of calculating the
angular momentum of a planet moving in an elliptical path must either be the same as taking the
origin of the movement perihelion or aphelion”. Calculation for aphelion at r=r,, where ¢, =0,

coming from perihelion, gives the expression of the angular momentum at aphelion.

2 2 2
2.GM.ry .
() oot (-3 21 o2
0 0 )

2.GM.r-.m?
:>w§ra4.(i+i]:w(iz+ ! +i2j+2.GM
n o, m? r2or.r,
2.GM.r02.m§.[12+1+12J+2.GM
2,4 N2 0 ra'O a
wor’ms = (46)
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Calculation for perihelion, r=r,, coming from aphelion, gives the expression of the angular
momentum at perihelion, where ¢, =0.

dr)’ 1 1) 2GMaeZm?(1 1 11
(Ej :O:a)groz.(r—z——zJ——z[—g——sj—2.G|\/|{———j

S S m; r>or b r
2.GM.r2.m?
= wéroz.(r%—izj:w(%_%j—k2.GM{£—EJ
a

a
a r-0 mO r-0 r

2.GM .raz.mj.(lz+rl+12]+ 2.GM
a*’o a

To

wir.md = (47)

By equaling angular momentums «’r;.m;=w’rim? < rZm’V/=r>’m?V? leads to the

equality of second members, or simplifying, r7.mZ =r2.m’, which forces V;/ =V . Given that this is
not a true result in an elliptic path of a planet, it proves that equivalent equations (43), (44) or (45) are
not consistent expressions for determining the motion of a planet. However, this inconsistency was an
expected one given that the expressions for any value of n and s=2 in the family defined in equation

(18) were previously discarded under used criteria. We repeat it here for n=1, s=2, to compare with
expression (45), just as an illustrative parenthesis:

1 1 m? 1 1
2 2 2
q°"=w .r4{—2——2J—2.GM.m—g.I’O (—3——3]

rZor r2or
2.GM.r?.m?

o3 L) 2O (1 1) pu (2 1)

rZor m r2or r, r

This expression is very similar to that in (45), except only that it does not contain the last term present
in that equation and in this we found this type of inconsistencies.

But, let's go back again to our analysis of equation (45), in order to calculate its corresponding
gravitational field in order to compare it with the classical Newtonian expression. As before, we use an

exact expression to establish similarities. Thus, such equation must be equal to that appearing in
reference [2], repeated here:

2 4 2
qz:a)z.r{(%_%}rm,(%_%j—(vj—VZ) (48)

This implies that following equality should hold:
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2GM.rPm? (1 1 1 1) &2rim’( 1 1
2OMEEME (11 pg (L 1) s[4 ) ey

m rbor b r I m: m
Simplifying,
2 2
_2GM.r .(ig—iaj—Z.GM .m—z(i—lj SRLVERRVL
ry r melr, r) mg

Taking derivatives relative to radius:

2 2
_6GM.r2 1t _4om. 1—— L L S PV
rt m\ r, dr mgre m, dr dr m,
Simplifying and substituting for d—m:@wtﬁ:
m p Vv

2 2 2 2
R IO C VL SV I LILYCY) _[i__Jd_m
m; m r m.dr

r r dr m.dr m m;
2 2
~-3GM.I.— Ir_Gm. m2 d! il vdvj{v +2.GM (1_1 }m_zd_m
r m; r> m? L, r){m m

2
3o Mo 2 O om oz dv{v +2.GM [i—lﬂ @+QJ
m r

r? Vv rh r p v
2 2
~36M. ¢ M2yt s o6m [ - (dv) v2 +2.GM. i__ dp
rm r r, r)[\vdr ry p.dr
dp
Substituting in the last relationship the general relationship for the gravitational field: —d =——,we
p.ar v

finally have expression of the gravitational field corresponding to equation (45):
r? m?
zem. 2 Mo O +{2.v2 +2.GM.(1—1H(dV j
rm r r, r)fvdr

g:
2GM (1 1
I+——— | ——
v b r

(49)
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Expression (49) for circular motion of planets does not reduce to the known Newtonian expression

GM GM
—z,butto g=4 2

0 0

. Such expression applied to photon (which differs from a planet only in that it

2 2
o P GM
r4 p2 rZ
2 2

{ 2.GM (1 1}}
I+——— | ——=

c rh r
reduce to the Field for photon obtained from GR in equation (40): G, =3.GM.ri4.p—g. In sum,

r-p

according to the criteria developed in this work, the two equations given by GR for analyzing the
gravitational behavior for photons and that for planets given in (38) and (41) respectively, have
enough inconsistencies as to conclude that they are not correct. Say, they don't reproduce correctly
the real trajectory followed by photons or planets in their motion around a massive body. In such those

cases, we are proposing in this work and in previous one [1] the optic of Vectorial Relativity, which as
we have demonstrated meets all discussed criteria and is easier to handle than GR.

3.GM.

is a constant-velocity particle), gives a field for photon: g = . Say, it does not

II. CONCLUSIONS

It was demonstrated that expressions used in GR for calculating bending of light and precession of
Mercury are inconsistent from a theoretical point of view.

Nonetheless, It is important to clarify that we are only criticizing the theoretical way used in GR for
calculating bending of light result, we are not saying that GR is wrong. It is noteworthy the fact that
Einstein, applying also GR calculated the correct half value in 1911, but later in 1916 he changed his
result to that commented and coincident with the known value of 1.75 arc-seconds “as the correct”
one.

It is noteworthy to mention that in our calculation of Mercury’s precession [1], using left expression in
(24) for planets, was obtained a numerical result very close to the experimental measured value and
very similar to that given by GR. We think that the criterion of using expressions with consistent
structure like that of “what is true for planets should also be valid for photons” is a firm and reliable
one, because the only different aspect in case of photon is that its speed is constant. Our equation
(24) fulfills such criterion.

According to our opinion, results obtained here and in previous works confirm the validity of Vectorial
Relativity in aspects as: Criticisms to Lorentz Transformations [4], the new definitions of Relativistic
Mass [4], Relativistic Energy [11], Gravitational Field [2], and that the consideration of Gravitational
Force as a Central Force in a relativistic analysis [2] also leads to correct results. Thus, its
applications to Quantum Mechanics in order to improve its results [9] [10] should be taken into
account.

Along this long period of searching started in 1996, it has been shown that it is possible to have only
one and consistent relativistic theory for explaining the physics of our universe, inside our known
space of three dimensions, using the same and known fundamental concepts of physics plus
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considering speed of light as an universal constant and considering relativistic variation of mass with
velocity and speed of light as it was achieved under Vectorial Relativity.

(1]

(2]

(3]

(4]
(5]

(6]
(7]
(8]

El

(10]

(11]
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