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•History
•Gravitational Lensing 
Theory
• Weak Distortions & 
Multiple Lenses
• Mass Reconstruction
• Cosmological WL 
Power Spectrum

1) Bartelmann & Schneider 
http://arxiv.org/abs/astro-ph/9912508
2) Sarah Bridle’s WL lecture notes
** Any mistakes are my own **

Sources: 

http://arxiv.org/abs/astro-ph/9912508
http://arxiv.org/abs/astro-ph/9912508
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• Discovery of light deflection

• Suspected by Newton and Laplace

• Soldner (1804) calculated deflection angle

• Einstein (1915) developed GR

• predicted twice the Newtonian deflection angle

• Eclipse experiment (1917)

• Einstein's GR prediction confirmed

HISTORY



HISTORY

Mass >>> Gravity >>> Lens
Simples! 



Discovery of multiple images
Walsh, Carswell and Weymann (1979) 
QSO 0957 2 images, 6'' separation

Discovery of multiple images

Walsh, Carswell and Weymann (1979)

QSO 0957  2 images, 6'' separation

4GM
c2 b

Just one equation from GR

NB. Independent of light wavelength
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Deflection by the sun
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                                  Catherine Heymans              Lecture 1: Weak lensing for Cosmology

The Basics of Gravitational Lensing
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lens galaxy z = 0.168

lensed background 
galaxy z = 1.55

Aragón-Salamanca & STAGES in prep

Einstein ring

• Lensing provides a direct 
detection and measurement 
of mass.

• It is the only way that we can 
observe dark matter on all 
scales.
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In 1936 Einstein published a 
paper regarding the on-axis 
lensing case. He did this at the 
request of a friend but qualified 
his paper with this statement:

“Of course, there is no hope of 
observing this phenomenon 
directly. First, we shall scarcely 
ever approach closely enough 
to such a central line. Second, 
the angle β will defy the 
resolving power of our 
instruments.” - A. Einstein
-Science vol 84 p 506 1936
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In 1987 first 
ring detected 

MG1131+0456



HISTORY            

HST image of Abell 2218 



Wine glasses are not only useful 
for drowning your sorrows but 

also, due to their geometry, make 
excellent grav. lens simulators!







For the Newtonian approximation and a more intuitive 
geometrical derivation, see the hand written notes at the 
end.














