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NEWS AND VIEWS 
GRAVITATIONAL LENSES 

The optics of cosmology images, which is related to the mass of the 
lens and therefore to its absolute luminosi
ty. For a given absolute luminosity, the 
apparent magnitude depends on the cos
mological model. At a redshift of 0.8, a lens 
galaxy in a Universe dominated by self
gravitation of space (with the cosmological 
constant .10 = 1) is 2.0 magnitudes fainter 
than in a flat, matter dominated model 
(with matter density !k>=l). Corrections 
must be made for evolution, and the rela
tion between luminosity and image separa
tion must be calibrated, hut these 
uncertainties are smaller than the cosmo
logical differences. The dominant uncer
tainty is the extraordinarily mundane 
problem that most measurements of lens 
galaxy magnitudes do not report on the 
aperture through which the flux was mea
sured! This single missing number can lead 
to uncertainties larger than the effects of 
cosmology. 

C. S. Kochanek 

GRAVITATIONAL lenses promise to answer 
many of the most important questions in 
cosmology and in galactic structure and 
evolution. Or so astronomers have claimed 
for the past fifteen years. There has been 
progress. Lenses provide the strongest con
straints on the cosmological constant (a 
measure of the self-repulsion of space), 
agree with other estimates of the Hubble 
constant and strongly suggest the existence 
of dark matter in the inner regions of ellip
tical galaxies. Yet, all in all, they have failed 
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An 8.4-GHz VLA map3 of the lensed radio 
source PKS1830-211, showing the two main 
components of the ring-like image. 

to fulfil their early promise. It is not, I think, 
a failure in our lenses, but in the psychology 
of the field. To paraphrase one prominent 
astronomer, most observers are more inter
ested in the numerator (finding new lenses) 
than in the denominator (accurate, quanti
tative studies of existing lenses and their 
source populations). Fortunately, not all 
observers have adopted this view; a good 
example is the clever approach of Wiklind 
and Combes- reported on page 139 of 
this issue1-who determine the redshift of 
the lens responsible for the PKS183Q-211 
radio ring2·- (see figure) by searching for 
molecular absorption lines. 

The gravity of an intervening galaxy can 
magnifY and produce multiple images of 
distant objects. Twenty-three convincing 
examples of these lenses have been found, 
where the sources are quasars, radio 
sources or distant galaxies4• Only six have 
measurements of both source and lens red
shift, which are needed to determine the 
distances to the lens and the source, as well 
as physical parameters such as galaxy mass
es and the Hubble constant, and to test 
cosmological models. Two promising new 
approaches to finding them are infrared5 

and radio spectroscopy. Although the lens 
redshift of B0218+357 was confirmed by 
detection of 21-cm absorption6, that of 
PKS1830- 211 is the first to be determined 
by radio spectroscopy. 

Detailed photometry of lensed systems is 
largely confined to projects that monitor 
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the variability of lensed images. In particu
lar, source fluctuations appear in the 
images at different times due to differences 
in path length, and these delays can be used 
to determine the Hubble constant geomet
rically, with few of the interminable calibra
tion problems of local estimates. A delay is 
measured7·~ in the first lens to be discov
ered, 0957+561, but this system is a com
pound lens consisting of a galaxy and a 
cluster, complicating the interpretation. 
Most lenses avoid the difficulties of 
0957+561, but it has been impossible to 
obtain the necessary radio or optical tele
scope time to systematically monitor the 
better candidates. PKS1830-211 and 
B0218+357 show strong radio variability, 
and several quasar lenses show low-level 
optical variability. A small fraction of the 
observational resources devoted to tradi
tional means of measuring the Hubble con
stant would allow this field to explode. 

The precise redshift of z=0.886 mea
sured by Wiklind and Combes might allow 
us to determine the Hubble constant at an 
intermediate cosmological scale. They used 
a 15-m radio telescope to look for absorp
tion in the 2- and 3-mm wavebands caused 
by the rotational lines of a few simple mole
cules such as CS and HCN. Because the 
line of sight to the source pasSes within a 
few thousand parsecs of the centre of the 
inferred lensing galaxy, there was some 
chance of finding a molecular cloud there. 
If, as the authors suggest, only one of the 
two main images is covered by a cloud, 
their signals can be distinguished by the 
presence of absorption lines, and it is possi
ble to determine the relative fluxes of the 
two images using a single-dish telescope 
instead of an interferometer. In this way 
one could measure the time delay and, if 
the source redshift can be measured, the 
Hubble constant. 

Good photometry of the lensing galaxies 
is less common, even though it can be used 
to test cosmological models (for example, 
how much matter is in the Universe, and 
whether there is a cosmological constant). 
We measure the apparent magnitude of the 
lens galaxy and the separation of the lensed 
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In theory, the strongest cosmological 
constraints from gravitational lenses should 
come from surveys for radio lenses - these 
surveys have found many more lensed sys
tems9-11, and are immune to some systemat
ic problems in the quasar surveys, such as 
dust. In practice, there is a crippling uncer
tainty about the redshift distribution of 
faint ( < 100 mJy) radio sources. Radio 
source redshifts were popular until 1990, 
but interest waned rapidly as cosmology 
became the hot topic of the day. Yet the 
mean redshift of 50-mJy sources must be 
about 0.5 if the cosmological constant is 
large, and about 1.5 if it is small - a simple 
and clean way of attacking a fundamental 
cosmological problem through the neglect
ed 'denominator'. 

The promises made fifteen years ago still 
hold - gravitational lenses are powerful 
constraints on cosmology and galactic 
structure. The fact remains, however, that a 
fundamental bottleneck in using gravita
tional lenses as tools in astrophysics is the 
focus on finding new ones, rather than 
making precise measurements on the 
known lenses. Any progress, such as the 
PKS1830-211Iens redshift, is a step in the 
right direction, and with enough such steps 
we can fulfil the earlier promises. C 
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