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from Einstein’s ring to probes of dark 
matter and extra-solar planets



All masses fall at 
the same rate, so 
light must fall as 
well…

Bending of starlight 
by the sun will be 
around 1.75 seconds 
of arc.



(Dated one week after Lenin’s death. 
The city had already been renamed 
“Leningrad” on Jan. 24, 1924.)







Giant elliptical galaxy roughly 3 billion light-years 
away lensing galaxy twice as far away.      

Einstein Ring



Quasar 8 billion light years away,  lense galaxy 400 million 
light years:  20 times closer.



~ 14, 8, and 2 days among the four images of 
intrinsic quasar variations. 

Non-intrinsic variations of 9% per year are 
attributed to microlensing.

Time delays of multiple images:



Simulated black hole against a Milky Way background









“Weak lensing” of 
background galaxies 
produces a ‘map’ of 
gravity field of a 
foreground galaxy 
cluster.



When clusters of galaxies collide…

Luminous and dark matter sail through, but gas is trapped.



Extrasolar planets have been detected 
by “microlensing”!
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