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General Relativity and Gravitational Lenses

Myeong-Gu PARK

The bending of light by Sun’s gravity was the most dramatic
supporting evidence for general relativity. Bending by gravity
makes any massive astronomical object act as a gravita-
tional lens. Quasars can be lensed into many images by
foreground galaxies and galaxies into luminous arcs by
clusters of galaxies. Such gravitational lenses provide val-
uable information on galaxies and cosmology. Microlensing
by stars makes stars brighten through magnification.
Galaxies can be weakly lensed and deformed by clusters.
Microlensing and weak lensing enable us to estimate the
amount of dark matter in galaxies and clusters of galaxies.
A three-dimensional map of the mass distribution can even
be constructed from weakly-lensed images of galaxies.
Gravitational lensing predicted by general relativity has ap-
peared in diverse forms and has become an invaluable as-

trophysical tool in the understanding of the universe.
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Fig. 1. Einstein’s 1912 notebook with gravitational lensing calcula-
tion (Einstein Archives).
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Fig. 2. Images of first gravitationally lensed quasar Q0957+561.
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Fig. 4. Luminous arcs in Abell 370 duster (IAP, France).
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1) CASTLES Database https://mwww.cfa.harvard.edu/castles/.
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Fig. 6. Image of stars and a microlensed star in Galactic Bulge
(MACHO collaboration).
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Fig. 7. Brightness change of lensed star in Fig. 6. Top panel for
blue band, mid panel for red band, and bottom panel for blue-red
ratio. (MACHO collaboration)
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Fig. 8. Brightness change of a star lensed by a star plus two
planets (Korea Astronomy and Space Science Institute).
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Fig. 9. Bright galaxies are superposed with hot gas (green) observed
by X-ray telescope, starlight (yellow), and mass reconstructed by
weak lensing (blue). (Jee et al, 2012, NASA/STScI)
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