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224 Binch Lome
Weobstn , N.Y,

Feb. 9, 1963

e d) on 1334,
Dear Grote,

Enclosed is an article that appeared in Time magazine.

It is rather late to be sending it but I thought that perhaps
you might like to have an extra copy. I found the article
quite interesting, especially the pictures.. I was pleased to
see also thatyou were given some of the recognition that you
deserve.

We envy you your summer weathegﬁown there in Austrailia.
The temperatures have been extreamly low in the BEastern US
and an uncommen number of days below zero.

I don't know if you have heard from the folks lately, but
in case you haven't, they have sold the house on Garner Ave.
and rented a house(in Wheaton) temporarily. Thelr address is
Post Office Box 627, Wheaton and the are at home atl715 Webster
Court.

I guess that takes care of things in general. Enjoy your

summer. We are looking forward to ours.

Regards,
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SCIENCE

ASTRONOMY
View from the Second Window

Three centuries have passed since Gali-
leo peered through his primitive telescope
and first saw the moons of Jupiter and
the golden crescent of Venus. Telescopes
have been vastly improved since then, but
men still study the stars through the same
window opening on the universe. Their
best lenses and most perfect mirrors work
with visible light, and what cannot be
brought into focus seemed f{orever be-
yond man’s reach.

Suddenly the view has changed. The
burgeoning science of radio astronomy has
created a sccond window in the sky. And
astronomers anxious to examine the far
reaches of the celestial landscape are busi-
ly constructing the strange tools of their
new trade. Odd shapes bulge above the
horizon from Russia to Australia and all
across the U.S. Great dishes of steel lace-
work sweep slowly across the sky: giant
troughs rock like cradles; forests of poles
and miles of wire stretch out in geometri-
cal patterns. To avoid electrical inter-
ference, most of the radio telescopes hide
away in mountain-ringed valleys. far from
towns or well-traveled highways. But they
are never far from the minds and hopes
of scientists. Radio astronomy is barely
30 years old, and new discoveries are be-
ing recorded almost every day.

Ham Founder. The radio window was
accidentally opened for the first time in
1932 by Karl Jansky. a Bell Telephone
physicist who was studying the crackling
static that can be so annoying in radio
communications. During quiet periods,
when no lightning flashes were disturbing
the atmosphere, a faint hiss still sounded
in his receiving apparatus. It scemed to
rise and fall in strength as the earth
turned. Jansky studied the hiss more
carefully and found that its maximum
strength came four minutes earlier each
day. The time interval seemed significant.
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By an amateur in a backyard.
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JET GALAXY
In numberless unexpected ways.

Jansky knew that because of the earth’s
motion while it orbits the sun, the sidereal
day. which measures the earth’s rotation
with respect to the stars. i1s four minutes
shorter than the 24-hour solar day. He
concluded that the hiss in his earphones
was caused by radio waves from beyvond
the sun.

Jansky's work was well-publicized, but
it was done during the great Depression,
when little cash was available to encour-
age scientific enterprise. Only a single ra-
dio ham. Grote Reber of Wheaton. 1I.
followed Jansky's lead. Working alone,
Reber built a dish antenna 31 ft. in diam-
cter in his own backyard. With it he made
the extraordinary discovery that the sky
is full of radio stars that have nothing to
do with ordinary stars. Reber had opened
wide the radio window on the sky. His
crude radio telescope. the world's first.
now stands at the entrance of the Nation-
al Radio Astronomy Observatory at Green
Bank, W. Va.

Bulges & Squiggles. Soon after World
War 11, radio astronomy really got into
high gear. Scientists in many lands. espe-
cially Britain and Australia. built
improved radio telescopes to take
advantage of the second window.
Their task was not easy. Radio
astronomy depends on electro-
magnetic waves. which are much
harder to handle than the visible
light that the human eye receives
with such marvelous ease and pre-
cision. Radio waves are many
thousand times longer than light
waves, and because of inflexible
laws of physics, this means that
radio telescopes must be enor-
mously wider than optical tele-
scopes before they can distinguish
objects equally small.

Instead of taking quick pictures
of large parts of the sky. radio
telescopes must scan slowly, gath-
ering details one by one. As a
radio telescope's beam (its field
of sensitivity) nioves across the
sky. the radio waves collected by
the dish are focused on an antenna

and detected as an extremely feeble elec-
trical current. This current is amplified
by intricate electronic apparatus until it
is strong enough to move a finely balanced
pen and draw a wiggly line on a strip of
paper. Small wiggles mean little or noth-
ing, but a good-sized bulge means that
some object deep in space is sending ra-
dio waves down the telescope’s beam.

Dishes & Holes. Parabolic dishes make
by far the most versatile radio telescopes;
they can be used to tune in on several
wave lengths at the same time. The most
famous dish. the 250-foot monster at
Jodrell Bank. near Manchester. England.
started work in 1937 and is still going
strong. Probably the most effective dish
is the 210-footer at Parkes. Australia.
The biggest dish, 300 ft. in diameter, is
at Green Bank, W, Va.

Big steerable dishes that can be turned
to point all over the sky are extremely
expensive. For large area and propor-
tionately high sensitivity at reasonable
cost, radio astronomers dig cylindrical or
hemispherical holes in the ground and
line them with radio-reflecting metal.
These immovable reflectors cannot be
steered except by electronic trickery, but
their sheer size gives thetn enormous pow-
er. The cylindrical telescope at the Uni-
versity of Illinois has 34 times the area
of the Green Bank dish.

One important type of radio telescope
does not try to observe celestial objects
with a single antenna. Instead, two an-
tennas are placed a considerable distance
apart and connected electronically so that
they function like parts of a single. very
large dish. Since a telescope’s resolution
is proportionate to its width, the double
antenna has a far narrower beam than a
single dish. Even finer resolution is oh-
tained by long, rocking metal troughs that
gather radio waves and (ocus them so
that they interact with waves gathered by
another antenna running at right angles
to the first. In Australia, and at Cam-
bridge University. England. such intricate
apparatus record information on punched
tape and feed it into electronic computers
for analysis. They have an effective beam
so slender that it can distinguish objects
many billion light-years distant in space.
The most complex setups of all use two
dishes scores of miles apart, feeding their
information by microwave beams to a
common center.

Living Universe. A list of the radio
sights visible through these varied tele-
scopes would fill an enormous hook. but
radio astronomy is developing so fast that
no such book is likely to be written lor
years. Still. the radio window has alrcady
brought the universe to life in numberless
unexpected ways. Even the moon, just
about the deadest object in the solar sys-
tem, sends out radio waves that tell
something about its temperature aund
about the material on its surface.

The planets have come to life too.
Venus sends waves which hint that the
temperature under its clouds 1s much too
high for earth-type life. Jupiter pulsates
with many kinds of radio waves. One kind
comes from an easily observable sheil
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DEREX BAYES

RADIO TELESCOPE at Jodrell Bank, England, incoming signals on central antenna. By measuring
scans heavens to listen to radio waves that planets strength and frequency, scientists can pinpoint in-
and stars emit naturally. The 7350-ton dish focuses visible stars, measure magnetic field of Milky Way.




FULLY STEERABLE 85-ft. dish at Hat Creek, Calif., is shielded from
extraneous noise by high mountains and a volcano. Put in operation
carlier this vear, it is being used to study hydrogen in the Milky Way.

AOBERT MOTTAR

J. R. EYERMAN

S

55/, V8% ) ;
S RA D B2

Cht Sl

g LA A AvaV; e des

Lvann VAl Wy ay {' G

7 iy i1/ X\
ner # Y elh , . MATTRESS-SHAPED antenna is being built at
O e 5 : SUFIEH fe fosges Nancay., France. By end of 1964 it will be four
times as large, have range of 1o billion light-years.




JOE MUNROE

TREE FARM of go-ft. booms at Stanford re-
ceives radar impulses bounced off moon by trans-
mitter. The dish (right) is for higher frequencies.

LARGEST SCANNER in Southern Hemisphere
is 210-ft. dish at Parkes, New South Wales. Aus-
tralians are using it to map Earth's own galaxy.

DAVID MOOWNE

RIGGED IN TANDEM, dishes at
Caltech’s Owens Valley Station can
seek out source of incoming radio
waves so that scientists are able to
get more precise fix on far-off stars.




WALTER BENNETT

WORLD'S LARGEST movable telescope, standing 23 stories
high, began to scan skies at National Radio Astronomy Observ-
atory, Green Bank. W. Va.. this fall. First task for $850.000

NEWEST SKY SCANNER, size of five football fields, is
University of Illinois’ giant, 6oo-ft. trough, which can detect
unusually weak signals from vast distances. Scientists will use

telescope will be to decipher radio waves from Van Allen-like
belt that surrounds Jupiter. Later, scientists will focus it on
the radiation belts that surround planets Uranus and Neptune.
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it first to study Cygnus X. a complex region near Milky Way;
then they will embark on a project that should take decades
to complete: a mapping of radio emissions in the universe.



around the planet, is apparently generated
by a powerful radiation belt similar (o
the Van Allen radiation belt that sur-
rounds the earth. Other Jovian radio
waves seem to be generated by gigantic
thunderstorms.

But the planets are not the main con-
cern of radio astronomers, who tend to
think of them merely as distant parade
grounds for space cadets. Even the sun,
which sends out rich chords of radio
waves, is not a chief attraction. The as-
tronomers’ keenest interest is focused on
much more distant space. from which the
waves bring news of strange occurrences.
The third strongest single source in the
sky is a famous astronomical object. the
Crab Nebula, the turbulent, gaseous
wreck of a star that turned into a super-
nova and blew itself to shreds on July 17,
1054 A.D.—an event that was duly re-
corded by Chinese astronomers. After go8
years, the Crab’s gases are still churning
violently. and as the electrons that they
contain move through magnetic fields,
they still send out a vast amount of
radio energy.

Radio Galaxy. The strongest “radio
star” in the sky had the astronomers baf-
fled for many years. Its powerful waves
came from a patch of sky in the constel-
lation Cygnus. and optical astronomers
could find nothing there. At last the Palo-
mar telescope., guided by a new and ex-
tremely accurate radio fix, photographed
an extraordinary scene that looked like a
collision of two enormous galaxies 300
million light-yvears away. Galaxy colli-
sions are possible. though unlikely. and
they might emit radio waves because of
churning gases between their hundreds of
billions of stars.

But most radio astronomers no longer
think that such a collision can properly
explain the stupendous radio energy that
streams out of Cygnus A. For one thing.
the energy does not come from the cen-
tral part that is optically visible. Strange-
ly. it comes from two spots on opposite
sides of the center, The sky is full of
these double radio sources. One theory
holds that they are galaxies that have ex-
ploded. Electrons released in the explo-
sions may have been steered by magnetism
and finally gathered at spots far away
from the central wreckage. A vast catas-
trophe of this sort might well be a normal
stage in the long life of a galaxy. Perhaps
man’s own Milky Way galaxy will end in
this manner, its stars popping like fire-
crackers and its death cry sounding in
radio waves across the universe.

Radio astronomers are willing to ad-
vance such gaudy theories, but only as
conjecture. They cannot be sure about
anything; the sky is too full of mysteries
that they cannot begin to explain. A
strong radio source that has been labeled
MS87. now proves to be a galaxy that can
be photographed in visible light. It has a
strange jet of glowing material that ex-
tends from one side and reaches many
thousand light-years beyond its normal
circumference. Does this jet have some-
thing to do with the galaxy’s radio waves?
It probably does. say the radio astron-
omers, but they do not know why.
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Bulges mean more than wiggles.

Another exciting mystery results from
the recent discovery that magnetic fields
are common in space, perhaps even in the
empty reaches between the galaxies. Ra-
dio waves reveal the fields and measure
their strength. but no one knows the ori-
gin of this mysterious force. Apparently
it is an important feature of the universe,
and may affect its behavior in many dif-
ferent ways.

Loud Stars. Most true stars in the
Milky Way galaxy maintain fair radio
silence, but a few of them transmit pow-
erful radio waves that have the astron-
omers baffled. About hali a dozen radio
stars have been identified optically. and
they prove to emit peculiar assortments
of visible light. Astrophysicists are busily
studying these spectra, hoping to find
some connection between them and the
stars’ radio loudness.

Radio astronomers are particularly in-
trigued by the special waves given off by
cold hydrogen floating between the stars.
These waves are a little longer than 21 cm.
long when they leave the hydrogen cloud
where they are generated. If they are
slightly shorter than that when they are
measured by an earthly radio telescope,
this means that the hydrogen cloud must
be moving rapidly toward the earth. If
the waves are longer. the cloud is moving
away. So the 21-cm. waves provide a
handy tool for measuring the speed of the
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The past is as mysterious as the future.

hydrogen clouds that form an important
part of the Milky Way galaxy. Some of
the clouds are moving close to the galac-
tic nucleus, which looks in optical tele-
scopes like a close-packed. featureless mass
of glowing stars. But the 21-cm. waves
reach deep into this stellar fog. They
report that vast streams of hydrogen are
flowing out of the nucleus, and none are
streaming back. Where does the hydro-
gen come from? One theory holds that it
collects from the thin halo that surrounds
the galaxy. Another suggests that it is
transformed out of some unobserved and
herctofore unimagined state of matter.

Life in the Universe. The bold radio
astronomers are ready to tackle anything,
even the ancient problem of alien life in
the universe. Most astronomers agree
that the Milky Way galaxy has millions
of stars with planets capable of supporting
earth-style life. Few if any of them be-
lieve that human space voyagers can
ever cover the enormous distances that
separate the stars. But radio waves cover
that range already, and perhaps some
not-too-distant stellar system, which in-
cludes a planet that has developed a high
civilization, is even now sending radio
messages in the hope that someone will
hear them. Radio astronomers at Green
Bank have done a little listening for such
messages. They have heard nothing mean-
ingful, but they hope to try again.

Few mysteries scem beyond the soaring
ambition of radio astronomers. In the
past, most cosmographical theories were
concocted by mathematicians sitting in
quiet rooms and struggling with streams
of abstractions. They were safe from ex-
perimental check because optical tele-
scopes could not see far enough into the
depths of the universe. But radio tele-
scopes are keener-sighted. They have lo-
cated radio-galaxies that seem to be 7
billion light-years away. And their eye-
sight is bound to improve.

Since radio waves travel at the same
speed as light, when radio telescopes peer
decp into space, they also look into the
far-distant past. Galaxies 7 billion light-
years away are studied on earth just as
they were 7 billion years ago, before the
earth was born. Little is known thus far
about these ancient galaxies that have
been fossilized by time and distance. Per-
haps when more is known, man will get
some idea of what the young universe was
like and when it was born. Or, perhaps,
when the radio astronomers have im-
proved their skill, they will prove that the
universe is eternal—that it was never
young, and will never grow old.
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