The 1974 Nobel Prize in Physics

The 1974 Nobel Prize in Physics was
awarded to Sir Martin Ryle and An-
thony Hewish for their work in radio
astronomy.

Radio astronomy was discovered by
K. G. Jansky in 1932 and continued by
G. Reber and G. C. Southworth in the
early 1940’, but it was not until
the end of World War II that it
started its remarkable growth. Bursts
of radio noise from the sun had de-
manded an explanation because they
might have been noise from German
stations jamming the Allied radar sys-
tems. J. S. Hey and others provided the
true explanation. The end of the war
saw the return to their respective re-
search homes of many physicists and
radio engineers carrying in their heads
the tremendous advances in electronics
that the war had produced, and often
carrying in their hands considerable
amounts of surplus, yet valuable, radio
equipment.

Martin Ryle had just joined J. A.
Ratcliffe’s research group at Cambridge
after his student days under Lindemann
(Lord Cherwell) at Oxford when the
war broke out in Europe. He was at
once drawn into the Telecommunica-
tions Research Establishment (now the
Royal Radar Establishment) where he
worked mainly on radar countermea-
sures. By the fall of 1945 he was back
at Cambridge with several wartime
friends, all convinced that a new, great
field of observational astronomy lay
open before them. The same thing hap-
pened in several other countries, among
them Australia, the United States, the
Netherlands, and France.

Most early observations were made
of the noise from the sun, but soon the
other radio sources discovered grew
from a trickle to a flood; many theo-
retical workers were attracted, the pos-
sible cosmological implications of radio
observations were recognized (and
probably overemphasized), and H. I.
Ewen and E. M. Purcell (quickly fol-
lowed by others) observed the line
radiation from atomic hydrogen which
H. C. van de Hulst had predicted in a
wartime colloquium at Leiden. The
floodgates were open, the doubts of
some more classical astronomers as to
the value of these new results—so rap-
- idly announced, so hotly disputed, and
coming from workers whose astronomi-
cal credentials were surely, in some
cases, at least questionable—were soon
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lost in the floodwaters. Radio astron-
omy was accepted as the sister science
of optical astronomy, and both turned
together to the task of understanding
the universe, no matter what the wave-
length of the quanta used to observe
it. So all astronomers can be proud
that Martin Ryle and Tony Hewish are
their first Nobel Prize winners.

Ryle and Hewish were honored for
their pioneering research in radio astro-
physics—Ryle for his observations and
inventions, in particular of the aperture
synthesis technique, and Hewish for his
decisive role in the discovery of pulsars.
Ryle is the founder of the Cambridge
group of radio astronomers at the Cav-
endish Laboratory, and Hewish joined
the group in 1946,

Aperture Synthesis

The invention, development, and use
of aperture synthesis runs as a thread
through all Ryle’s work. His early stud-
ies of radio noise from the sun used
the radio analog of A. A. Michelson’s
stellar interferometer to measure the
angular size of the active emitting re-
gions. Ryle realized that any such inter-
ferometer observations with a given
spacing between the two antennas was
in fact a measure of one Fourier trans-
form of the brightness distribution
across the radio source. The first mea-
surements were made by simply adding
the signals from the two antennas, and
showed the interference fringes from
the small-diameter sources superim-
posed on the overall signals from the
whole solar disk.

By phase-switching, which is equiva-
lent to moving periodically the fringe
pattern of the interferometer on the
sky, the signals from the small-diam-
eter sources were separated from the
solar disk contribution. This technique,
which became standard in observations
of discrete radio sources, allowed the
amplitude and phase of the interference
pattern from a single pair of antennas
to be found; this in turn led to aperture
synthesis, where the signals from one
or more pairs of antennas at various
separations and orientations are used
to build up a detailed map of the area
of sky being observed. So long as the
radio signals from the sky are un-
changing with time, such a map can
be made from observations taken over
periods of many days; thus even a
single pair of antennas, one fixed and
one movable, could be used to synthe-

size a very large telescope. The exten-
sion to earth-rotation synthesis, where
the rotation of the earth was used to
alter the apparent spacing and orienta-
tion of the antenna pair as seen from
the radio source, soon followed.

Ryle and his group have used aper-
ture synthesis from the earliest days to
make maps of individual radio sources,
and they now have the 1-mile and the
5-kilometer antenna systems, which
are both able to give essentially
high-resolution radio photographs of
small areas of sky. The Cambridge
group have made a continuing series
of surveys of the radio sources in the
northern sky. Ryle early realized that
many of the discrete radio sources
might be far from our own galaxy and
that a study of the numbers of sources
with intensities above certain levels
(the log N-log S relation) might be de-
cisive in choosing between various
cosmological models of the universe.
The surveys were made first with fairly
simple antennas at wavelengths of a
few meters, and later, as the effects of
confusion became better understood,
with larger antennas at shorter wave-
lengths. In the first stages of this work
there were strong disagreements about
the experimental results, but these have
now been essentially resolved, and log
N-log S plots are known to be of con-
siderable importance, although their
cosmological significance is still not
unambiguous.

Ryle’s contributions to radio astron-
omy go beyond the specific achieve-
ments cited in the awarding of the
prize. He has designed and built his
electronic equipment (and made it
work), developed computer programs,
built antennas, contributed to the
theories of the generation and propaga-
tion of radio waves in plasma, and—
perhaps most important—helped to
teach and inspire many newcomers to
radio astronomy. He and his group of
permanent associates have seen a gen-
eration of radio astronomers grow to
maturity, to continue their work all
over the world.

Although Hewish joined Ryle’s group
in 1946, he started work on the border-
line between astronomy and iono-
spheric physics. There was considerable
interest in Ratcliffe’s radio group in the
effects of the irregular ionosphere on
radio waves passing through it or re-
flected from it. The reflected waves
form a moving and changing intensity
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pattern on the ground, a study of which
can tell the size, shape, and speed of
motion of the ionospheric irregularities.
The effects of the irregular ionosphere
on waves passing through it was dra-
matically shown by the way radio sig-
nals from the Cygnus source fluctuated
with time. Indeed, there was the possi-
bility that the source itself fluctuated
in its emission. As the ionospheric ef-
fects became better understood, it be-
came clear to Hewish and others that
the main effects at low frequencies
were of ionospheric origin, but that
some of the intensity fluctuations could
also be due to the irregularities in the
interplanetary medium.

Hewish showed how the scintilla-
tions of a radio source could be related
to irregularities in the interplanetary
plasma, particularly in the vicinity of
the sun, and also to the angular size
of the radio source. These two results
follow from the theory of the diffrac-
tion of plane waves by an irregular,
transparent, phase-changing screen, and
Hewish was an early contributor to
this work. Angular size and structure
in the smallest radio sources had al-
ways been important and difficult to
measure. The use of scintillations to
estimate angular size derives from the
fact that only the very small sources
should scintillate; with sources of larger
angular size the scintillations are
smoothed out. Thus, the observations
could be used to identify the smallest
sources and estimate their size. For
some years this has been an important
method of finding source size, although
by now it has been somewhat over-
taken by the use of very long baseline
interferometers.

In the course of making his observa-
tions, Hewish built a number of large
fixed-array antennas, which he used
with short averaging times to see the
rapid intensity changes and with long
wavelengths to enhance the effects of
the interplanetary medium. In fact, as
we now know, his experiment was very
well designed to discover pulsars—and
it did.

In July 1967, while a new large
array antenna was being used at 3.7
meters to study the scintillations of
compact radio sources, occasional regu-
lar, but ill-defined, trains of short pulses
were observed. Jocelyn Bell, a research
student working on the experiment,
realized that these pulse trains might
have an astronomical origin. They
might, of course, be locally generated
interference, or come from some un-
publicized space probe, or be radar

15 NOVEMBER 1974

Anthony Hewish (left) and Martin Ryle.

pulses reflected into the antenna, or
even be the much discussed signals
from another civilization. It took some
time to establish the astronomical ori-
gin of the signals, and during this time
the secret of their discovery was well
kept. Although this delay may have
irritated some workers, it was probably
wise. When the discovery was af-
nounced the principal scientific facts
were all clear, and the great interest in
the pulsars was not confused, as it
might otherwise have been, by sensa-
tional articles about little green men
on other planets.

Further discoveries followed rapidly.
It was soon clear that the pulsars were
the predicted but hitherto unobserved
neutron stars. The extreme accuracy
with which the pulse periods could be
measured showed that some pulsars
are slowing down and that some have
small sudden changes in pulse rate. The
dispersion of the pulse velocity in the
interstellar medium could be used to
estimate distances (generally difficult
in radio astronomy) and locate the
known pulsars within our own galaxy.
Only a few weeks ago the first pulsar
in a binary system was found; although
it is weak it will be invaluable both as
a means of finding more about neutron
stars and also as a system for testing
relativistic mechanics. :

The first Nobel Prize for work in
observational astronomy has been won
by two British scientists. Yet all who
have worked in this field in the last 30
years should bask a little in the re-
flected glory, since the growth of the
subject has been due to many workers
all over the world. British astronomy
has not been without its critics over
the past years, and in some branches
of the science it is possible to criticize
the lack of a sensible long-term policy.
But in radio astronomy there has clear-
ly been a policy. British radio astron-
omy has been supported in the two
centers of excellent work, at Cambridge
and at Manchester. This has been a

concentration of effort and funds; the
small but good group at the Royal
Radar Establishment has been allowed
to lapse. Funds for new instruments
have, up to now, alternated between
the Jodrell Bank (Manchester) and
Cambridge groups. Sir Bernard Lovell
has recently completed the improve-
ments to his old, great 250-foot tele-
scope, and Sir Martin Ryle has brought
the S-kilometer synthesis telescope into
action. Both observatories are associ-
ated with universities which supply ex-
cellent graduate students to do research
in radio astronomy. There can be no
doubt that this pattern has worked well
in England, as in a number of other
countries. In Australia and the Nether-
lands also, for example, a concentration
of scientific effort into astronomy has
been well repaid by the results.

It is possible that this Nobel Prize
comes at a turning point in radio as-
tronomy. By extension of the very long
baseline interferometer technique, radio
sources will be studied with instruments
of high sensitivity, and angular struc-
ture will be resolved to 10—3 arc sec-
ond. Ryle’s telescopes, the Westerbork
instrument in the Netherlands, and, in
a few years, the Very Large Array in
New Mexico will give detailed, accurate
radio photographs of thousands of radio
objects at a variety of wavelengths. The
millimeter end of the radio spectrum
has now become heavily used, largely
due to the continued advances in micro-
wave techniques, and new spectral lines
from numerous molecular species have
been discovered.

We may be entering a period of
consolidation, of a general improve-
ment in our understanding of the ways
in which astronomical objects evolve
and the ways in which matter, radia-
tion, and magnetic fields interact to
make the astronomical sky. But in
radio astronomy we may also have the
means to explore the two extremes of
the physical universe—the properties
of highly condensed matter in objects
such as neutron stars, and the cosmol-
ogy of the universe at its distant edge.
If great results follow in these fields it
will be pleasant to recall that this Nobel
Prize went to two men who helped to
show the way.
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Charlottesville, Virginia 22901

John Findlay has been active in
radio astronomy for many years. He
spent a period of years with the Cam-
bridge group shortly after World War II.
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