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Abstract. Discussion is about Deflection of Light Rays in tevitational Field. The first
calculation of the deflection of light by mass waslished by the German astronomer
Johan George von Soldner in 1801. In this papevnaparative study will be done for
gravitational deflection of light ray calculated thjferent authors using different methods.
Einstein calculated that the deflection predictedeagal theory of relativity would be twice
the Newtonian value. Soldner showed that rays feodistant star skimming the Sun’s
surface would be deflected through an angle of e®&useconds of arc, or one quarter of
thousands of degree. This angle correspondingetapparent diameter of a compact disc
(CD) viewed from a distance of about 30 kilometgrsarly 20 miles). In actual sense,
Physicist do not know why light is affected by gtaif photons are mass less. Explanation
given here is depended on the observation abouwitagtianal deflection of light after
reviewing the theories of relativity.
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1. Introduction

The first observation of light deflection was penfied by noting the change in position of
stars as they passed near the Sun on the cefgdtiee. The observations were performed
in 1919 by Arthur Eddington, Frank Watson Dysord #reir collaborators during the total
solar eclipse on May 29. The exact solution of timsfield equation for a static, spherical,
uncharged body was found by Schwarzschild in 19¥#hin a year of Schwarzschild
solution, Reissner and Nordstrém independentlyaiobtl the solution for Einstein field
equation for a static, charged, spherically symiméindy, known as Reissner-Nordstrom
solution [1].

Different authors have calculated the deflectioglannder weak and strong field
approximations using null geodesic method considerSchwarzschild space-time.
Deflection of light rays in the gravitational fiellas been studied since long and well
known Weinberg [2], Islam [3], Islam [4], Narlikgs], Godel [6], Raychaudhuri [7], Wald
[8], Roy and Sen [9]. Very recently, in 2019 Royl&@en [9] also used the material medium
to study of gravitational deflection of light ray.

2. Newton’s law of gravitation
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In this section we will show that Newton'’s law @&gitation may be deduced from Einstein
law when the gravitation field is weak and the eyatlistribution is static.
The Einstein’s law of gravitation is
1
Rij - EgllR = —kTi]' ........................... (1)

whereR = KT and k is the constant of Einstein’s law of gratidta.

We first consider the Riemann- Christoffel curvattensor,

R}k] = F;k ]1 Flr a k( l) - @(l—‘]lk) ........................... (2)
From F'kind of Chrlstoffel symbol, we have

I ~ 8T, r]

= [ij 1] .
— 1Ok Ohix
- 2 (axi + aX] an) ........................... (3)

If the product oh” are to be neglected the equation (3) can be writse

- 9
=5z (M) = 61(

Fori = j the Ricci tensor is,

]k axk ( ) axl ]k)
10 6h” Ohj; 0h]-i 1 0 ,0hjx 6hij Ohji
_Eﬁ(ﬁ ﬁ_ﬁ)_EE oxi T axkK  oxl
_ 1 02hij 02hjk 02hji azhik
T2 (a B )

xoxk © oxioxl  oxiaxk  axiax

Puttingj =k =4

_1( 9%y | 0%hy, 0%his
R44 - 5(6X4 6X4' aXi aXi - 6xi 6X4') ...................... (4)
For static distributionh;; will be independent ot and equation (4) reduces to
_1 0%hyy
R44 T 20xiaxi
Or,
1
R4_4_ = Ev2h44 ............................ (5)
200 L 0 L0y i i
where Ve= — + oy T o If V is the Newtonian potential we have
V = %C2h44
2V
hy, = e
Substituting this in (5) we get,
1
Ry, = (5) V2V (6)

Considering that no electromagnetic field is présére energy momentum tensor for the
mass distribution will be given by
Tij = 855 = Hoo V1Y

2
where®;; is the kinetic energy-momentum tensor anpg = (1 —Z—z)u is the proper

density of proper masg,being ordinary mass density. For a static distiiiny 4-velocity
at every point becomés= (g, ic) and hence all the componentsTf, with the exception
of T,, are zero. So,

Tas = Moo VaVa = —HgoC* = —pC?

Also,
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T=T1+Top+Tez3+ Ty =Ty
That is,

T = Tyq = —puC?

Then,

Ry =k Gg44T - T44)

on (2) 7V =K (1+ )11,

or, (é) V2V ~ k ET + ucz]

or, (é) V2V = S kyc?

Or,

V2V =ckpct @)

According to the Newtonian theory jifis the density of matter, the gravitational fiekh
be derived from a potential functidhsatisfying the equation,

V2V =dmyn e, (8)
Comparing equation (7) & (8) we get Einstein’s gational constant in terms of Newton’s
gravitational constant as

__ 8my
k_c_2

3. Gravitational deflection of light:

Let the events at the points having rectangulateSemn co-ordinate&, y, z) and(x +
dx,y + dy,z + dz) Occur at times, t + dt respectively. Then by definition of proper
time we have,

de? = dt? — (Ciz) (dx? + dy? + dz?)

The intervalds between the events will be defined by

ds? = c2dt? = dx? + dy? + dz? — c2dt?

If the eventgx,y, z,t) and(x + dx,y + dy, z + dz,t + dt) connected by a line ray then,
dx? + dy? + dz? — c2dt? = 0

Or, ds?2=0

Or, ds=0

2 .
Equation of a geodesic in inertial fram%—s’és = 0. Since the values d@fj are all zero.
2
On a null geodesids = 0 and so the equatiélg\SX; = 0 is not appropriate. The equation

2
of a null geodesic is defined %X’% = 0, wherel is a parameter on null geodesids

. . o dx! dxJ
an invariant satisfying;; d—;d—’; =0

Therefore for a null geodesic we have,

d?x! _ d%x? _ d%x® _ d%*x* _ 0 and als dx! dx ~0
aaz " T az T aE B ax
That is

dix _dy iz dt_
dAz ~ dAz T daz = daz
Hence
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Ex _ &'t &y d°t dPz _ dt )
oI DR mE o e
Equation (9) implies that along a null geodesig z are linearly independent. This is
also true for the co-ordinates of a light signainbepropagated in an inertial frame.
Hence, the world lines of light signals are nulbdesic in inertial frames. It follows that
the world lines of light signals are null geodesithe presence of gravitational fields.
By applying the principle we shall calculate thehpaf a light ray in the gravitational
field of a spherical body for which the space-timetric is given by the Schwarzschild
metric. Now in the presence of gravitational fithd equation of a null geodesic is,

N T
ds? jKaan an —
Fori=1

4*x 1 dxldxl 0
daz Ky ax —

d2xt dxt 2 dx? 2 dx3 2 dx* 2
onGr+ T (3) +1: (%) +1%:(50) +Th(G5) =0

Or'g_;; B r(rian) (%)2 B (I‘ B Zm) {(%)2 +sin ((:1_(7‘:)2 B n;_gz (%)2} =0

Similarly, fori = 2,3,4 respectively, we have the following equations

d?0  2drde . de\? _

d_72‘2 oo sin® cosb (ﬁ) =0 s (10)
¢ 2drde d6de _

e oot 2Cot0 T 0 e, (11)
dty_zm dd_o (12)

dA2 ' r(r-2m)dAdr
Also for a null geodesic we have,

dx! dxJ
8ij ax ar :1 , . . N
Or,g11 (%) + 822 (%) + g33 (%) + 44 (%) =0
0r = (4 4 e2 {(90)" 4 sinzo (40)°) - Smmy @y’ o 13)

Let us choose the spherical polar co-ordinates theththe ray is moving initially in the
plane.

6="T/, s0 tha% = 0,cos0 = 0,sin™/, = 1 initially. Hence by equation (10) we have

2

2 = 0. Substitutingd = "/, in (11), (12) and (13) we get,
d?¢ |, 2drde _
o Froa 0 (14)
d<t 2m dr dt
e Tramaan -0 (15)
And,
() e () () = 1
r(r_zm) d)\ r d}\ r d}\ — U  aseassasrarsasaaananaas ( )
Putting i—;‘: = w in (14) we get,

dodr  2dr o

arax raa® T
That is,
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_dop _ «a
a2
Again puttingv = % in (15) we get,
_dat _ PBr
- ﬁ - (r—2m)
Using these values in (16) we get,

2 2 2
o dr a‘ _ 22 2mo
(——) +—2—C B +r_3

r2 de r

Putting 1 = u the above equation become

du 2 _ B
(d(p) +u + 2mu?
or, 2ﬂ2+2u——6 2 du

d2 ?
Or, 0 2+u—3mu ................................ (18)

Neglecting the terrBmu? we get,

Ti4u=0

The solution of this equation

u= %cos(cp FO0) (19)

whereR anda are constant of integration.
If « =0, we have
u= %coscp
Putting the values af in (18) we get,
du o am
g2 U= cos?g
or,(D?+ Du = Fcosch
Here,
P.I= —(2—cos ©®)
Hence the general solution is,
u= —coscp t (2 — cos?¢)

Or, x—R+Zmy

That is,
x_R+2my Anck = R — 2
Also,
R R? R R?
y=ﬂx—ﬂ And y_—mxﬁ'm

If o is the angle between these asymptotes, we have

(am)~ ()

tana =
1+ () (5m)
tana = ﬂ
4m?-R2
Then,
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sina = AL;ZLJFRZ x ‘L;n—ZR = %n , Since4m? « R?
Hence, the gravitational deflectioﬁﬁnﬁs

For a light ray grazing the surface of the sun
R(sun’sradius) = 6.95 x 10°cm

And, m = 1.5 X 105cm

So that

4x1.5%x10° .
= ——"——radius
6.95%x1010

= 8.62 x 107 radius

=1.77"
This implies that a light ray grazing the sun’sface will be deflected by.77". This result
is an accord with the experimental finding.

4. Gravitational deflection of light in Newtonian theory:
Let us consider the ray of light is moving in thergdlel line with the y-axis and it passes

through a particle of mass at a distance = r. Then acceleration on x-axis,
d?x m x mx

a2 :—r—z.;:m ...................... (20)
For the light ray which moves parallel with thexisa
dy _ dy _
e 1And(le2 =0
Now,
dt _ dxdy
dx ~ dydt
dx _ d cdxdy) _ dPx(dy\? | dxdly _ dx o dx g dx
dez ~ dt (dx dt) T dy? (dt) dy dtz ~ dy?’ 1+ dy'O T dy?
L dx_ dx
Tdez T dy?
Substituting these values in in (20) we get,
Px_ MR \Wherx =R
dy? (R2+y2)3/z -
Integrating with respect to y we get,
d__m ___w
o Rsm9+C RJW+C ................... (22)

X:_% /R2+y2+Cy+C1 ................ (22)

Applying the condition% =0,x =R,y = 0 we get,

C=0andC; =m+R
Then from (5.14) we get,

x=R+[m—%,/R2+yz] ................... (23)

According to Newtonian theory (23) is the equatibaleflection of light.
_m /np2 2 i

Herem — — JR? + y? is amount of deflection from the path= R.

Consideringk << y we get,

x=R+m-— % (xy)

Then,
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y=-Z+-R+m) . (23)
Now, 8 be the angle then,
B—(—B) 2mR
PP L T e
. 2mR
sinf = 22R?
Sincep is very small aneh? « R? then we havein = 8 = ZII;R

Thatis, = z?m
But we know,a = %m = Z.Z?m =2

Thus the deflection in the path of light due to tbkativistic field of a heavy mass is twice
that predicted by the Newtonian theory.

5. If light has no mass then how can it be affectduly gravity?

This leads to two thoughts requiring the basic $dsaout light, rest mass, zero mass,
relativistic mass, gravitation and so on. These are

May light has mass, or Gravitational deflectiomdd affected by mass.

. =

—
—

Apparent position

. 1'E'L.l rovu R ol
-E-.-eu:trﬁ‘“m \ Gravitatipn field

. Massive object

Position of source

-
-
_—

Apparent paosition

Figure 1.
Let’'s have a discussion about two topics mentioateale. Before that we should know
about rest mass and zero mass.
Rest mass is the mass when the particle underdarasion is at rest relative to
the observer. Zero mass is that a mass of zerdichwas no mass.
According to Newton’s gravitational law gravitatadrforce is proportional to the
product of the masses. Actually Einstein’s fielcduatipn would be more appropriate.
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Anything with mass-energy, wraps space-time anévaything travels through space-
time. So everything is affected by gravity. Alseaaling to Einstein’s theory of relativity
light will be affected in the same way as matteaffected by gravity. Thus considering
the above theories it can be said that if gravitgcss light and light has mass. Lights do
have mass and it is relativistic which is equivaleEnenergyE = mc2. Thus light is a
relativistic particle. It should be noted that maas be destroyed but charge cannot be.
Now it is time to explain about my second thouglitick says that gravitation is not
affected by mass. Gravitation has a unique sigmifie. Before Einstein, people assumed
that because light is a wave, it is not attractedravity. After special relativity, Einstein
assumed it would be attracted because it has Hasdeveloped general relativity, and
that showed that light was deflected twice as masche had previously calculated. A few
years later, Edenton measured the light deflecyethd sun, and that is what catapulted
Einstein to fame. To explain this feature we shaakk help from Newton’s"2law of
motion. Combining this law with Newton'’s gravitat@a equation the mass of the falling
body removes. That's how we can relate that massrdomatter. According to principle
of equivalence mass less particles are affectegréwitation just like massive particles.
Thus gravitational deflection is not related to mas

In actual sense, Physicist does not know why lighdffected by gravity if photons are
mass less.

Here we're going to explain our own observationwlgyavitational deflection of
light after reviewing the theories of relativityravity doesn't affect light, it affects space
or time which

Light travels through. Let us consider the light imlike a water wave in a lake
where space or time is the shape of the lake. Smh&al disaster or mankind related
activities can change the shape of the lake and/alber flows in new direction. In the same
way light flows through space or time and defle@thwhe effect that gravity imposes on
space or time.

6. Conclusion

From the above discussion, it can be concluded tiat Gravitation has a unique
significance. The question may arise “if light h&®s mass, how can it be affected by
gravity?” According to Einstein’s theory of relativ light will be affected by gravity in
the same as a matter do. Some theories say ligbt &ffected by gravity, as light is mass
less. In actual sense Physicist have also confusiont this matter. Our work goes for a
different explanation about gravitational deflentif light. Actually gravity doesn't affect
light, it affect space or time and the deflectethuwhe effects that gravity imposes on space
or time.
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