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[also Mandl, Chowlson, Link, ...]
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Albert Einstein (Wikipedia)

http://www.einstein-online.info/spotlights/grav_lensing history
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Taken from the 22 November 1919 edition of the lllustrated London News.
http://www.astro.caltech.edu/~rjm/Principe/ 19| 9eclipse.php

Arthur Eddington (Wikipedia)
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http://www.astro.caltech.edu/~rjm/Principe/1919eclipse.php
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Einstein, Science 84(1936)506
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DISCUSSION

LENS-LIKE ACTION OF A STAR BY THE
DEVIATION OF LIGHT IN THE
GRAVITATIONAL FIELD

SoME time ago, R. W. Mandl paid me a visit and
asked me to publish the results of a little caleulation,
which I had made at his request. This note complies
with his wish.

The light coming from a star 4 traverses the gravi-
tational field of another star B, whose radius is R,.
Let there be an observer at a distance D from B and
at a distance z, small compared with D, from the ex-

tended central line AB. According to the general
theory of relativity, let a, be the deviation of the light
ray passing the star B at a distance R, from its center.

not decrease like 1/D, but like 1/7/D, as the distance
D increases.

Of course, there is no hope of observing this phe-
nomenon directly. First, we shall scarcely ever ap-
proach closely enough to such a central line. Second,
the angle B will defy the resolving power of our
instruments. For, a, being of the order of magnitude
of one second of are, the angle R,/D, under which the
deviating star B is seen, is much smaller. Therefore,
the light coming from the luminous circle ecan not be
distinguished by an observer as geometrically different
from that coming from the star B, but simply will
manifest itself as increased apparent brightness of B.

The same will happen, if the observer is situated at

Pm—
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Therefore, there is no great chance of observing
this phenomenon, even if dazzling by the light of the
much nearer star B is disregarded. This apparent
amplification of q by the lens-like action of the star
B is a most curious effect, not so much for its becom-
ing infinite, with # vanishing, but since with incereasing
distance D of the observer not only does it not decrease,

but even inereases proportionally to \/D.
A1LBERT EINSTEIN

INSTITUTE FOR ADVANCED STUDY,
PRINCETON, N. J.




e.g., https://www.mpiwg-berlin.mpg.de/Preprints/P | 60.PDF
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https://www.mpiwg-berlin.mpg.de/Preprints/P160.PDF
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Nebulae as Gravitational Lenses

Einstein recently published! some calculations concern-
ing a suggestion made by R. W. Mandl, namely, that a star
B may act as a ‘‘gravitational lens’ for light coming from
another star A which lies closely enough on the line of sight
behind B. As Einstein remarks the chance to observe this
effect for stars is extremely small.

Last summer Dr. V. K. Zworykin (to whom the same
idea had been suggested by Mr. Mandl) mentioned to me
the possibility of an image formation through the action of
gravitational fields. As a consequence I made some calcula-
tions which show that extragalactic nebulae offer a much
better chance than stars for the observation of gravitational
lens effects.

Zwicky, Phys. Rev. 51(1937)290

Nk X

A detailed account of the problems sketched here will
appear in Helvetica Physica Acta.

F. Zwicky

Norman Bridge Laboratory,
California Institute of Technology,
Pasadena, California,
January 14, 1937.

- 1 A, Einstein, Science 84, 506 (1936).
2 F. Zwicky, Helv. Phys. Acta 6, 124 (1933).
3 Sinclair Smith, Astrophys. J. 83, 23 (1936).
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First strong lens: Q09574561 (Walsh et al. 1979)
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First strong lens: Q0957+561 (Walsh et al. 1979)
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First strong lens: Q0957+561 (Walsh et al. 1979)
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First giant arc: A370 (Lynds & Petrosian |986;
Soucail et al. 1987)

- -
Soucail et al. (1988)



’ . A370 (Hubble Frontier Fields)



Detection of cosmic shear’

At et e Wittman et al. (2000)
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see also Matsubara (2010), Dodelson (2003), etc
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Convergence & shear
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Critical curves & caustics

e critical curve |[FIEHRERANDOHRE UTESR

detA(f.) = 0 (image plane)

o XJI[ 9 % source plane _EDHI#RZ caustic &M/
B. = B(6.) (source plane)




Critical curve & E#R
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simulated by glafic
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simulated by glafic
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simulated by glafic
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simulated by glafic
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simulated by glafic
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simulated by glafic
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e.g., Blandford & Narayan (1986)
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Mass-sheet HEIE

(Falco et al. 1985)
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Mass-sheet #fEIR (I1)
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