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Actual position of star
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-4 Frank Watson Arthur Stanley
MNegligible difference between actual

and apparent positions of star Dyson Eddington
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A. Einstein (1936, Science 84, 506):

oSometime ago, R. W. Mand| paid me a visit and asked me to publish
the results of a little calculation, which | had made at his request. 0

othere is no great chance of observing this phenomenono

Prtvodn?2 dopi s editorovi

olch danke Ihnen noch sehr f ¢ Ihr Entgegenkommenbei der kleinen

Publikation, die Herr Mandl aus mir herauspresste. Sieist wenig
wert, aber diese arme Kerl hat seine Freude davon. 6

PHYSICS-ASTRONOMY

Attic Genius Wins Einstein's
Avpproval for Relativity Test

Great Mathematician Helps Obscure Czechoslovakian
To Present ldeas on Astronomical Test of Theory

388 SciENCE NEws LETTER for December 19, 1936
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You see, the light from a distant star will be bent as it

passes the nearer star and the effect will be a great nhenKrstvz
brightening that anyone can see with a small telescope. : |
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F. Zwicky (1937 , Physical Review 51, 290):

0 L assirhmer Dr. V. K. Zworykin (to whom the sameidea had
been suggestedby Mr. Mandl ) mentioned to me the possibility
of animage formation through the action of gravitational
fields. ©

oextragalactic nebulae offer a much better chancethan stars
for the observation of gravitational lens effects 6



Prvn2?2 gravitalLn? LolLka: dva

(Walsh, Carswell & Weymann 1979)
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http://www.astr.ua.edu/keel/agn/q0957.html
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Gallery of Gravitational Lenses
Hubble Space Telescope « WFPC?2

PRC99-18 « STScl OPO « K. Ratnatunga (Carnegie Mellon University) and NASA




31T LEOAEHDP é1 éEU

n hmotnl,(ch(qb:c%zeDEla %—%L
L= lg-q

spojito rozlohen8 Mnota (pl ¢

d . = q- qi 3 d _S(D.gi) ¢ D
a(g)=—— (q) kK@)=—g— Scw= N
D, s nk ‘ Scr - 4pG D D¢

-1

—

Ziasncenz bod oAdEhio Plochapbrazu . ]pb

J:
obrazy PlOCha zdroje * .z,

—

ug

—

speci 8§l A2=bbdy q [kriticksg kt

zdroj b|, kaustika



Nonka

|\/“ # M,
,

S

el i psoid8l n2zm

kaustika

r

o

N

Narayan & Bartelmann (1999)

o



Gravitational Lens G2237+0305

http://hubblesite.org/newscenter/newsdesk/archive/releases/1990/20/image
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Original Image

Gravitational Lens and Quasar PG 1115+080
Hubble Space Telescope « NICMOS

PRC98-37 « STScl OPO « C. Impey (University of Arizona) and NASA




v Master Lens Database ™

Containing 628 Gravitational Lens Systems: Version: 2013-10-17 needs
¢ 424 Grade-A Lenses update

e 97 Grade-B Lenses
e 79 Grade-C Lenses
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noirlab2104 — Science Release

Doubling the Number of Known
Gravitational Lenses

Machine learning key to discovery of over 1200 gravitational
lenses

13 January 2021

Data from the DESI (Dark Energy Spectroscopic Instrument) Legacy Imaging Surveys have revealed over 1200
new gravitational lenses, approximately doubling the number of known lenses. Discovered using machine
learning trained on real data, these warped and stretched images of distant galaxies provide astronomers
with a flood of new targets with which to measure fundamental properties of the Universe such as the
Hubble constant, which describes the expanding Universe.



Statistics of strong gravitational lenses
Master Lens Database (as of 2025 -03-11)

w Natched 8 Lens Kinds

Kind = Acronym Grade-A Grade-B Grade-C Mo Grade  Total
) Galaxy-Galaxy GAL-GAL 251 67 70 4175 4564
)  Galaxy-Quasar GAL-QS0 105 g 3 627 744
v Quasar-Galaxy QS0-GAL a 3
) Group-Galaxy GRP-GAL =1 26 19 Fi 108
v Group-Quasar GRP-Q50 1 1
Cluster-Galaxy CLUST-GAL 33 2128 3826
) Cluster-Quasar CLUST-QS0 2 1 3
#-ray Cluster of Galaxies ARAY-CLUST 23 23
@ All Kinds / Grade Total aT4 1474 1037103 92792 k! g

https://test.masterlens.org/



https://test.masterlens.org/

Galaxy Cluster RCS2 032727-132623

Hubble Space Telescope * WFC3/UVIS/IR
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NASA, ESA, J. Rigby (NASA GSFC), and K. Sharon (Kawli Institute for Cosmological Physics, University of Chicago)

STScl-PRC12-08a






Galaxy Cluster Abell 68 HST ¢« WFC3/IR « ACS/WFC

| - 4. i 3 . - - . : i
NASA and ESA STScl-PRC13-09a




Distant Galaxy Lensed by Cluster MACS J0647
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GALAXY CLUSTER SMACS 0723
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WEBB SPECTRA IDENTIFY GALAXIES IN THE VERY EARLY UNIVERSE

NIRCam Imaging

NIRSpec Microshutter Array Spectroscopy
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B.S.Gaudi, http://www.astronomy.ohio-state.edu/~gaudi/movies.html
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