
The gravitational lens effect 

A fundamental consequence of A l 
bert Einstein's 1916 theory of 

general relativity is that the gravita
tional field of a massive body deflects 
the trajectory of a passing light ray. 
The effect was first observed in 1919 
by Sir Arthur Eddington and his col
leagues, who measured the apparent 
positions of stars near the sun during 
the solar eclipse of that year. Their 
photographs showed the positions of 
the stars nearest the sun to appear 
shifted from their usual positions by a 
few tenths of a second of arc, as pre
dicted. 

Although their result took the sci
entific world by storm, little attention 
was paid to what consequences, if 
any, gravitat ional l ight bending 
would have on other parts of obser
vational astronomy. It was not until 
1926 that Einstein, in a note to Sci
ence, considered how the gravitation
al field of a distant foreground star 

would affect the light from a more 
distant background star. As with so
lar light deflection, the foreground 
star would deflect rays from the back
ground star toward the line connect
ing the centers of the stars. But unlike 
the case of a simple focusing lens, 
where the magnitude of light deflec
tion is in proportion to a ray's impact 
distance, the magnitude of the light 
deflection produced by mass is in in
verse proportion to the impact dis
tance. 

How then would the background 
star, whose rays are deflected by the 
foreground star, appear to an observ
er? If, by chance, the observer, the 
foreground star, and the background 
star were exactly co-aligned, then the 
foreground star would appear sur
rounded by a ring of light. This pecu
liar ring "image" follows from the cy
lindrical symmetry of the configura
t ion and the nature of the 

Einstein dismissed the 
possibility that such effects 

could be seen in part 
because the angular 

separations of the images 
would be so small. 

gravitational deflection law. If the ob
server, the foreground star, and the 
background star were not co-aligned, 
then the observer would see two 
point-like images of the background 
star, whose positions would appear to 
straddle the posit ion of the fore
ground star. Figure 11 illustrates this 
idea. 

Einstein dismissed the possibility 
that such effects could be seen in part 
because the angular separations of the 
images (or diameter of the ring image) 
would be so small. However, Fritz 
Zwicky, an astronomer at Cal Tech, 

FIGURE 11. The gravitational lens effect. The ray trace diagram shows how a massive object (the"lens") can form two 
images (A and B) of a background source. 
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MOVING? 

Please let us know when 
you move by filling in 
your new address below. 
Also attach the mailing 
label from your copy of 
Optics News to help us 
process your change of 
address more efficiently. 

N A M E 

The gravitational field of 
an intervening galaxy 
could produce such an 

image separation. 

read Einstein's note and realized that 
galaxies, not stars, would be ideal 
" lenses." Typical masses and dis
tances of galaxies would yield images 
whose separations were on the order 
of a second of arc. 

Discovery 

The first lens system was found ser
endipitiously in Apri l 1979 by atron
omers, who found two quasars (cos
mologically distant point-like sources 
of light), dubbed 0957+561A,B after 
their coordinates, that were separated 
by a few arcseconds. The gravitation
al field of an intervening galaxy could 
produce such an image separation. 
But most striking of all was that the 
optical spectra of the quasars were 
identical! A l l absorption and emission 
features in the A object were seen in 
B. Because of the equivalence princi
ple, gravitational deflection must af
fect all wavelengths the same way, so 
the "colors" of the spectrum are not 
affected. 

In the case of 0957+561, subse
quent observations have confirmed 
the lens hypothesis: M y own work, 
done in collaboration with astrono
mers at the Harvard-Smithsonian 
Center for Astrophysics, has been to 
obtain resolved radio images of the 
quasars, which show that they appear 
identical up to a magnification trans
formation, as expected for images of 
a common object. Other astronomers 
have identified a giant elliptical gal
axy that lies between the images and 

appears most responsible for their 
formation. The light deflection that 
such a galaxy would produce does ac
count quantitatively for the positions 
and relative magnifications of the im
ages. 

In addition to obtaining radio pho
tographs of the image, I have also de
signed a plastic lens that simulates the 
light deflection due to a galaxy and 
reproduces the configuration seen in 
the 0957+561 lens system. 1 , 2 Any 
"gravitational" lens can be simulated 
by a "dielectric" lens, since both phe
nomena depend fundamentally on 
propagation delays that vary with im
pact distance. The cross section of my 
lens is a bit odd: to account for the 
weakening effect of the light deflec
tion far from a galaxy, the outer part 
of the lens has a cusp-like cross sec
tion, like the base of a wine glass. 
However, the light deflection is also 
minimal near the center of a galaxy 
where the light rays pass through the 
mass distribution; so instead of com
ing to a point, the center of the lens is 
rounded off. 

Since 1979, some half dozen other 
examples of multiply imaged quasars 
have been found. Thus, the gravita
tional lens effect is giving astronomers 
a whole new way to use optics to 
study fundamental phenomena in our 
universe. 

Any "gravitational" lens 
can be simulated by a 

"dielectric" lens, since both 
phenomena depend 
fundamentally on 

propagation delays that 
vary with impact distance. 
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