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In 1804, Soldner was the
first who calculated that,
fior small angles, the
Newtonian deflection of
light by a massive ebject
should be :
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2 GM
C °R

Where M Is the mass
off the defilecting ebject
and R Is the defilection
Impact parameter.
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General Relativity.

redicts that the bending
2iier a light ray inithe
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RIS valuer s not twice that ebtainead by Soldner due to differing

[@r the sejar mass an radius at the time of calculation.
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I ialiowisie) clsezides, lignt defleciiorn or Gravitational Lensing
(GE)vzis oy rarely ine topic of =\ research paper: Ir 1924,
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1. Deflector, Observer and the Source are Aligned

Figure 3
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Erem simple geemetry , We can obtain p and g, where p and g are the
angular diameter distances between lens and source plane and observer
nd source plane, respectively (see Figure 3) P s the impact

eter, 2¢ ISithe angle with's see to lens D

A p*(c*q+4MG)
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With the eguation 3 o5 4 we can obtain the equation of the lens for a ray
filiem ceme te source, deflector, and ebserver are aligned, apart from the
seurce Is located in a finite distance.
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nees g and p are common more than P therefore we can
IESPISE NErean putforward the focal distance eguation ofithe
JieVictionel i




WE Stlidy more general equation for a emit ray lignt By source s
linite distance iiom defiector D on the optic axis to distance n.

Figure 4
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IS’ easy o ohtain the distances relation

o > = PSN(¢+a) 0w .q'= Sc g
sin ¢

introduce P and d in eguation 8, we find:
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Eer a deviation angle /3 , the condition for the other image formation Is:;

12— B2,
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direct ray and the inceming deflected
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We:do the follow aproximation: 8o = - (p * a) = ;;
It is easy to obtain the expression: M (P ) c ° HNNSNNR
mp  ° 4 11 G Pq

el Side e the before expression, Is called the apparent surface

0

IETeiore e dEmosirate the condition te, multiple image formation from the
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Einstein Ring Equation:

ifseurce, deflector or lens and ohserver are colinear then a special situation
2, Wewilifhave an Einsten Ring, because ofi there Is circular symmetry.

aiflcl wa ezir) ggtzllr) ine Elpsiln) feief]uk

I\J‘I—‘

de Fisica UAZ. Zacatecas



Weshiavelisie

copleliiier) We e

P ENIIEICES

Iseme; stellar objects to satisfied multiple images

e dld=p;, an take value for s to satisfied the



For instance of Gravitational Lenses (GL)

Parameter Neutron Earth Jupiter Sun Star Galaxy Measure
Unit
1.7x10727  6x10% 1.9x10%"  2x1030 3x10% 1x1043 kg
M

1x10®  64x106  7x107 7x108 1x104 3x10 20 m

1x10 16 1x10%° 1x10 ° 1x10% m

1.6x10°8  16x10 © 2x10 2  1.2x10-8  arcsec

11 1.15

Dates Table 1



In conclusion:

15 \Wihen we calculated the deviation angles on the classical mechanics
andirelativistic fiames, we finded .= 28

Jjorcompare: the gravitational and eptical lenses, we conclude the
analegy. ef this compare and find ene peculiarity: the focal distance
he optic thin lens is constant, in the gravitational lenses the
al distance depend of impact parameter P .
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