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that have been
wan since he first
ked at the heavens.
ow 1t all came about,
s _ how it works, -
nd h5w you can become pazt of it,

Holmdel New Jersey In his investiga-
tion of static sourees around 20 mec., he
became aware of & different-type, s1gnal
which he described as ‘‘a higs that cdh

-

Ié at‘the time sensed the impor- « hardly be distinguished from the hiss

dance o s,uch a discovery,. and the man, caused by set noise. . . . The term static

__and his work fa‘ slipped rom the public,
eye. Noone, not even as ronogers, real-
ized that the engineer, Karl Jansky, had
made ‘contact with a Tnew umverse—a
radio universe. %

Like many epochal dlscovemes radlo'

astrox;omy resulted from a smgle and
unexpected event. In 1930, Jansky, em-

plpyed by Bell Telephone Labs, was given-

the problem of studymg static interfer-
ing Wlth #ransoceanic breadcasts.* He
set up 4 rotating 100’ antenna, mounted
‘on wheéls silvaged from a Model-T Ford,
on whad was- oncega potato farm in
.
o

does not qhitedhik it. . . . It changes direc-
tion continuously thrpughout the day,
going completely around the compass in e
24 hours.”

There was really nothmg pecuﬂar
about these hissing noises; radio opera-
tors had been observing them for years;
« But instead of dismissing them as unim-
portant, Jafiskysset out to find out where
they were® coming from and thereby
gained immortality. It did not occur to
him at first that the source could be of
extraterrestrial origin, and many months
of exacting observations passed before-

-
-




he traced the source to the constellation
Sagittarius, some 26,000 light years
away, smack in the center of our galaxy,
the Milky Way.

The next few years were mighty lean
ones for radio astronomy; still scientifi-
cally unacceptable, Jansky’s work only
managed to survive through the efforts
of Grote Reber, an avid radio amateur
(WIGFZ) from Wheaton, Illinois. Sin-
gle-handedly carrying out research with
a backyard 31’ parabolic dish antenna,
he not only confirmed Jansky's discovery
but also compiled a complete radio map
of cosmic radio sources “broadcasting”
on 162 mec. in the Milky Way. Another
early pioneer, G.C. Southworth of Bell
Telephone Laboratories, first detected
radio emissions from the sun in June,
1942, at frequencies of 3000 me. gfd 10,-
000 mec. In England, only four months
before, physicist Stanley Hey had de-
tected radio emissions associated with
sunspot activity.

The “forgotten man” in the discovery
of solar radio emissions is Dennis Height-
man (G6DH). Heightman—tuning the
bands between 25 and 60 mc.—had corre-~
lated the solar hiss with sunspot activity
prior to 1940. Though Heightman re-
ported his finding to Sir Edward Apple-
ton, it was never recognized as predating
the identical discovery by Hey.

Despite the efforts of these early pio-
neers, radio astronomy attracted very
little attention until after World War II,
when demobilized scientific minds  and
military developments in sensitive receiv-
ers and narrow beam antennas became
available. And, it wasn’t until 1947, when
radio telescopes had some degree of reso-
lution, that the first radio source—the
Crab nebula, some 3300 light years dis-
tant—could be accurately pinpointed.

Today it’s different. Radio astronomy
has ripened into an exciting full-fledged
science; there are now some 350 radio
observatories throughout the world ac-
tively carrying out research. With this
new tool, scientists can ‘“see’’ vast re-
gions of the heavens hitherto denied
them, as optical study of our galaxy and
of galaxies beyond is often blurred by
huge clouds of interstellar dust. Radio
astronomers have already pinpointed
thousands of discrete radio sources,
many of which have yet to be identified
with optical objects.

" Purely Natural in Origin. Radio signals
from space are not as mysterious as you
might think, Much is known about them
—why they occur, and where they come
from. Scientists discount the possibility
that they are huge broadcasting stations
manned by intelligent worlds; rather,
they say, all celestial bodies, from our
neighbor, the moon, to the furthermost
known galaxy some 10 billion light years
away, behave like giant transmitters,
emitting vast amounts of electromagnetic
energy.

Part of this energy lies in the v1s1b1e
portion of the spectrum, but a much
greater part lies in the radio range, in-
visible to the eye but every bit as real as
the visible wavelengths, Radio waves of-
fer astronomers a range-of wavelengths

The man who started it all, the late Karl Jansky, and
his “merry-go-round’” antenna at Holmdel. Today
he's looked upon as the father of radio astronomy.
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tions of huge clouds of hydrogen gas.

Unlike thermal sources, non-thermal
sources do not depend on source temper-
ature. Often referred to as synchrotron
radiation, non-thermal radiation is gen-
erated by the interaction of free electrons
with various magnetic fields of our gal-
axy. Some well known non-thermal
sources include: the Crab nebula, Cassio-
peia, and Cygnus A—the three most
powerful radio sources yet discovered.
All three emit signals on many frequen-
cies below 10 mec. to way above 10,000
mec. Cygnus A, a half billion light years
away, is the strongest source—the ener-
gy emitted by this one source alone in
just one millionth of a second could sup-
ply all the world’s electrical power re-
quirements a million times over for the
next 10 million years.

Most radio sources ‘“broadcast” with

An isophote or contour map of the Rosette nebula
super-imposed on an optical picture. Note similarity.
Lines of isophate join points of equal temperature.

tremendous energies, often as much as
10%° watts or more (10° watts is 1,000,-
000 watts). Because these sources are
so distant from the earth, however, the
power dwindles to around 1077 of a watt
or less by the time it reaches us. Most
extragalactic radio sources are galaxies
and are classified as “normal” or “radio”
galaxies. Although both types look the
same through a telescope, radio galaxies
(e.g., Cygnus A) emit radio signals at
energies more than one million times
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that of normal galaxies (e.g., Androm-
eda).

Most recently, radio astronomers have
discovered a number of mysterious star-
like sources of fantastic radio energy
billions of light years away. Called quasi-
stellar or quasars, their erratic behav-
ior may eventually give answers to the
origin of the universe. »

Tuning in the Solar System. The sun,
only eight minutes away from earth by
the speed of light or radio waves, is the
most studied radio source. Radio emis-
sions from it, characterized by a back-
ground of radiation (quiet sun) upon
which are imposed bursts caused by sun-
spots and noise storms, occur at frequen-
cies between 20 and 30,000 mec. Sunspot
emissions can be picked up between 50
and 1000 mec. and are usually 100 times
as intense as quiet sun emissions; noise
storms broadcast at tremendous intensi-
ties, sometimes as high as 10,000 times
quiet sun emissions, and can be picked
up at frequencies between 20 and 300 mec.

Other “broadcasting stations” in our
solar system include the moon and most
planets; frequencies most used in plan-
etary radio astronomy range from 5 mec.
to 75,000 mec. Interpolation of radio
data from these close-to-home sources
has led to many unexpected and valuable
discoveries. Scientists can tell much
about the surfaces, temperatures, and

-atmospheres of these sources.

Lunar signals were first detected on
24,000 me. by American scientists Dicke
and Beringer in 1945. These signals,
which occur on many frequencies be-
tween 20 me. and 25,000 mec., are a com-
bination of second-hand waves emitted
by the sun and bouncing off the moon,

-and true lunar signals generated be-

neath the moon’s surface. Peak intensity
of these signals occurs at least three or
four days after full moon.

Signals were first detected from Venus,
Mars, and Jupiter in 1956. Radio ob-
servations of Venus, usually made on
frequencies between 400 and 10,000 mec.,
have shown the planet to have an exten-
sive atmosphere and high surface ten-
sion. Signals from Mars are usually
picked up at frequencies above 2500 mec.

Jupiter, one of the strongest radio
sources ever found, has three types of
emissions: very high frequency radiation

POPULAR ELECTRONICS



The photos on this page, left to right, clockwise,
show installations at the National Radio Astronomy
Observatory, Green Bank, West Virginia; the Owens
Valley Observatory, California Institute of Tech-
nology, Pasadena, California; the control console
at Jodrell Bank, England; and the Ohio State Uni-
versity telescope. The 300’ radio telescope at the
National Radio Astronomy Observatory, the largest
partially movable unit in the world, is currently
measuring hydrogen in this and other nearby gal-
axies. Twin 90’ dishes operate together as an in-
terferometer at Owens Valley. Rails move them up
to 1600’ apart, or they may work independently.
Operating at 960 mc., this installation is current-
ly being used to chart the distribution of radio
noises in our galaxy. The largest fully steerable
unit in the world, the 250’-diameter dish at Jod-
rell Bank, can receive and transmit wavelengths
from a few centimeters to 20 meters. All telescope
motions are controlled from a console located some
200 yards from the main telescope. The Ohio State
tiltable reflector uses a 260’ by 100’ flat re-
flector to reflect energy onto a 360’ by 70’ fixed
parabolic section. A feed horn located on the
ground plane near the base of the flat reflector
receives radio signals from the parabolic section.




from the visible disc; linearly polarized
radiation at frequencies between 30 and
3000 mc.; and very intense bursts of ra-
diation between 5 and 30 mc. The micro-
wave emission originates in an invisible
halo—a Jovian Van Allen belt, so to
speak—extending over a much wider
area than the visible planet. Recent in-
vestigation of the Jovian bursts indicates
that they occur only when a particular
side of the planet is facing the earth
and that they originate from an area
about one-tenth the size of the planet.

Mercury was added to the roster of
radio sources in 1960 when signals were
first picked up from it at 1000 me. Most
signals originating from this planet oc-
cur above 5000 mc. Of the planets be-
yond Jupiter, Saturn is presently the
only known ‘“broadcasting station’; sig-
nals have been detected from this planet
at frequencies around 100 me. and 1000
me. Undoubtedly, the other planets will
in time join this fast-growing ‘broad-
caster’s club.”

Types of Telescopes. The radio tele-
scope is not as complex as you might at
first imagine; in fact, it functions a lot
like your small pocket radio. Basically,
the radio telescope consists of an anten-
na, a receiver, and some sort of record-
ing system. The antenna collects and
focuses the radio waves much in the
same manner as the optical telescope
focuses light waves. The focused waves

An example of what the amateur can do. This an-
tenna was built by Zvi Gazari, a member of the New
York Astronomers Association, using surplus parts.
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are amplified and detected through a
sensitive receiver and then recorded by a
recorder or computer. Receivers used in
radio astronomy are usually specially-
designed types and feature extremely
low noise circuits such as the parametric

‘amplifier and maser. Computers are also

being integrated into radio telescope set-
ups. Most amateur setups, however, use
a superheterodyne-type receiver, an ex-
planation of which can be found in any
radio textbook. '

When you consider that radio astrono-
mers detect almost inconceivably faint
signals . against galactic background
noise many times greater than the
“brightest” radio source, the need for
massive-sized antennas and super-sensi-
tive receivers is readily apparent. Some
radio telescopes use a single antenna,
others employ many. They may be fully
steerable, or fixed. Fully steerable units
can be steered in any two coordinates to
any point in the sky; partially steerable
units can be turned in one direction, usu-
ally declination; and fixed antennas can
be steered by electrical means.

The most popular design now in use is
the fully steerable paraboloid or ‘“‘dish,”
a schematic of which is shown on page
41. The world’s- largest fully steerable
dish is the 250’-diameter Jodrell Bank
installation in Manchester, England; and
the world’s biggest partially steerable
telescope is the 300’-diameter dish at the
National Radio Astronomy Observatory
in Green Bank, West Virginia. Other big
dish antennas include the 210’-diameter
telescope of the Australian National
Radio Observatory near Sydney, the
new 150’-diameter telescope at Stanford
University, California, and the 84’-diam-
eter telescope of the Navy Research
Laboratory in Maryland. The record
holder for a non-movable radio telescope
is the 1000’-diameter spherical reflector
at Arecibo, Puerto Rico; nestled in a
450’-deep crater, this colossus functions
as a radar telescope as well as a radio
telescope.

But the “dish” is by no means the only
single aperture-type antenna used by
radio astronomers; indeed, there are
about as many varieties in use as

‘there are radio telescopes. At Ohio State

University, for example, radio astrono-
mers use a tiltable reflector type anten-
(Continued on page 89)

POPULAR ELECTRONICS



RADIO ASTRONOMY

(Continued from page 44)

na, whose physical aperture is equiva-
lent to a 152’-diameter dish. Another
large radio telescope is the 600’ parabolic
cylinder, spread out on an area bigger
than four football fields, at the Un1-
versity of Illinois.

In an effort to increase the resolution
of the radio telescope, scientists have
turned to using multiple-aperture de-
vices instead of building larger and
larger single-aperture ones. The re-
solving power of a radio telescope can
be defined as the minimum separation
between two radio sources at which the
radio telescope can still distinguish that
two sources are present.

One such multiple-aperture device
now widely in use is the interferometer,
the operation of wh'ch can be under-
stood by referring to the illustration on
page 41. Basically, the interferometer
converts the broad antenna beam of a

single-aperture device into a large num-

ber of fan-shaped beams. Thus it’s able
to pinpoint many faint sources in small
areas of the sky. With the largest dish
antennas, the minimum angle of resolu-
tion is greater than 1/10°; but with
the interferometer, resolutions on the
order of 30 seconds of arc or less are
common.

Many observatories, notably the Ra-
dio-physics Laboratory in Australia, and
the California Institute of Technology’s
Owens Valley Observatory, use variable- -
spacing interferometers. By varying
the distance between the two antennas,
varied interference patterns are ob-
tained from which radio astronomers can
deduce the positions, sizes, and shapes
of very distant sources.

Another w1de1y used varlatlon of the
interferometer is the Mills cross or
cross-type interferometer. Consisting of
an array of antennas arranged in the
shape of a cross, it’s actually a combina-
tion of two interferometers. The great
length of these arms of electrically
linked antennas results in a very ac-
curate pinpointing of radio sources with-
out the excessive cost of a parabolic

-

TEST MEASUREMENTS

FOR RELIABLE

MODEL

636
AF SINE SQUARE GENERATOR — 20 cps to
200 ke in four ranges. Less than 0.25%
sine wave distortion at 10 vrms into 600
ohms load.

Meters for voltage and current.

Go with the new PRECISE Green Line. It's the scenic route for
your test measurements —headed straight for value and accuracy.
These unique instruments have color dynamic front panels featur-
ing easy-on-the-eyes Green to aid readability and accuracy. New
functional desngn and layout make operation fast and foolproof.
Underneath, they're hopped up with sophisticated circuitry checked
out for rellablllty That’s why, now more than ever, gou'll find the
going’s smoothest with PRECISE test instruments. Go all the way
with PRECISE scopes, VTVMs, power supplies, signal generators,
tube testers, decade boxes and probes.

MODEL 780
CONTINUOUSLY VARIABLE REGULATED
VOLTAGE SUPPLY — Regulated dc output
from O to 4-400 v at 150 ma, and O to
—150 v bias. Also provides unregulated ac.

é MODEL 905

VACUUM TUBE VOLTMETER — Comes with
assembled dc/ac-ohms probe. Direct read-
ing of p-p voltages. Separate ac low voltage
scale. Low 0.5 vdc range for transistor cir-
cuit measurements.

PRECISE
ELECTRONICS

Division of Designatronics

76 East Second Street, Mineola, L.1., N.Y. 11501

CIRCLE NO. 24 ON READER SERVICE PAGE

January, 1966

89



dish with a diameter equal to its length.
The world’s largest Mills cross installa-
tion is nearing completion in Australia;
it has two mile-long rows of antennas.
Other cross-type interferometers can be
found at Stanford University, California,
QOka Radio Astronomical Station, Mos-
cow, and University of Bologna, Italy.

Another method of achieving high res-
olution is through the use of an array
of half-wave dipoles connected in phase
and located above a reflecting screen.
One installation, at the U.S. National
Bureau of Standards Observatory near
Lima, Peru, uses an array of 9000 half-
wave dipoles. And, as for future radio
telescopes, radio astronomers are talk-
ing about telescopes with pinpoint res-
olution, as well as orbiting and lunar-
based units.

Amateurs and The Stars. Each year
finds more and more hobbyists joining
the ranks of amateur radio astronomers,
as radio astronomy is one field where the
amateur can really dig in and do some
responsible research. Some of these peo-
ple build their own radio telescopes and
work alone out of backyard or rooftop
observatories, but the majority belong
to amateur astronomy groups.

Actually, you need very little equip-
ment to get started. Some radio sources,
notably the sun and planet Jupiter, can
be picked up with a standard communi-
cations receiver and simple directional
antenna. (See August, 1964, POPULAR
ELECTRONICS.) You can even substitute
an inexpensive voltmeter for a pen re-
corder. But to get any real degree of
resolution, you need a big antenna and
more sophisticated instruments, and that
usually means joining a club where such
units are available.

- One amateur reported making a simple
high frequency radio telescope using lit-
tle more than a beach umbrella, a modi-
fied UHF converter, and a standard
communications receiver. He converted
the umbrella to a dish antenna by spray-
ing the inside of it with aluminum paint
and then finding the focal point by
moving up the umbrella handle with a
flashlight. When the area inside the
umbrella lit up, he had a pretty good
idea where the focal point was. Since this
particular amateur was interested in
picking up 21-cm. hydrogen “broadcasts,”
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he modified the UHF converter so it
would tune as high as 1400 mc. instead
of the normal 890 mec., and by using it as
a “front end,” he was able to employ a
communications receiver tuned to 20 mec.
There are also many types of surplus
equipment, particularly high frequency
receivers, which can be adapted for the
purpose.

But before you start hoisting a mas-
sive dish antenna up to the roof of your
house or go about filling up your back-
yard with dipoles, why not read up on
the subject? Many good books are avail-
able from your local library or bookshop,
some of which are slanted toward the
amateur telescope builder. For example:
Radio Astronomy by J. H. Piddington
(Harper & Brothers—now out of print
but available at libraries); Radio Ex-
ploration of the Planetary System by
Alex G. Smith and Thomas D. Carr (D.
Van Nostrand Co., 24 W. 40th St., New
York 18, N.Y., $1.50); Radio Astronomy
And Eow to Build Your Own Telescope
by John Heywood (Arco Books, 219
Park Ave. South, New York, N.Y., $2.50
cloth, 95 cents paperback); and Radio
Astronomy For Amateurs by Frank W.
Hyde (W. W. Norton & Co., 55 Fifth
Ave., New York, N.Y. $5.00).

As interest in amateur radio astron-
omy is world-wide, so are the amateur
societies serving these people. For in-
stance, in England, where radio astron-
omy is very popular, the British
Astronomical Association is a highly
respected organization and its members
sometimes work with radio astronomers
from Cambridge and Jodrell Bank on
various experiments. In the United
States, the Astronomical League, the
parent organization to some 170 clubs,
can guide you in selecting a nearby as-
tronomy club. For more information,
write to the Executive Secretary, Astro-
nomical League, 4 Klopfer St., Millvale,
Pittsburgh, Pa. Westerners and Ha-
waliian residents can also write to the
Western Amateur Astronomers, 4636
Vineta St., La Canada, Calif.

Many of these local clubs have active
radio astronomy programs. In the New
York City area, for example, the Amateur
Astronomers Association, which meets
regularly at the Hayden Planetarium,
operates a radio telescope in Rocky
Point, Long Island; for information on
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joining this club, write to Amateur As-
tronomers Association, 212 W. 79th St.,
New York, N. Y. The Brooklyn Chil-
dren’s Museum, Brooklyn Ave. and Park
Place, Brooklyn, N. Y., also has a radio
astronomy program.

Where Do We Go From Here? As men-
tioned earlier, radio astronomy has al-
ready told us much about the universe.
In less than 20 years, it has enlarged our
knowledge not only by discovering radio

illi f ligh v 1o prepara 1
sources millions of light years away, but o cAR “n

also by investigating heavenly bodies
closer to us. But even more important,
it's providing answers to the origin and
perhaps evolution of the universe and
the laws inherent in its existence. The
farther out we are able to ‘‘peer,” the far-
ther back in time we go. In this way,
scientists are able to analyze age-old
signals to determine if physical laws are
changing.

Where we go from here depends on
man’s ingenuity. Since we are discover-
ing new things about the universe every
day, the simple radio telescope and its
applications may pave the way to even
greater feats, perhaps lying just around
the corner. And perhaps there will be
other Janskys, dedicated men that take
time out to analyze what’s right in front
of their eyes. ‘
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