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LEFT ALONE, LIGHT TRAVELS 
IN PERFECTLY STRAIGHT LINES



GRAVITATIONAL 
LENSING — 

MASS BENDS LIGHT



THE DEFLECTION 
OF LIGHT

Deflection angle

Hyades star cluster 
(Taurus)

1919 Total Eclipse

Sir Arthur 
Eddington (top)  

Sir Frank Dyson 
(bottom)

Idea: Einstein 1915



Non-lensed light path
More light is directed towards Earth by lensing => 
the background galaxy is magnified.

EXTENSION OF THEORY: STRONG LENSING

RUDI MANDL

FRITZ ZWICKY



THE FIRST STRONGLY-LENSED 
OBJECT: QSO-0957

Walsh et al. (1979)



THE FIRST STRONGLY LENSED 
SUPERNOVA: SN REFSDAL



A370: DRAMATIC 
GALAXY CLUSTER 

LENS

Grillo et al. (2018)



LRG 3-757: 
A NEAR-COMPLETE 

‘EINSTEIN RING’

Distorted images

“Winestein” Ring 
(I’m not sorry)



LENSING AROUND 
A BLACK HOLE

2019 EHT Image of M87



DETECTION OF AN EXOPLANET VIA 
LENSING

Beaulieu et al. (2006)

Days since 31 July 2005

‣ Star lensed by 
another star 

‣ Exoplanet observed 
orbiting lens star




