FOUNDED 1872

MECHANICS

ASSOCIATE EDITORS: Alden I, Devon

Armagnac,

Francis. Robert Gorman. Sheldon Galloger, Hartley
E. Howe. Herbert Johansen, Martin Mann, Johu F.
Stearns. R, I’. Stevenson,

ART DIRECTOR: Harry Samuels. ART ASSOCIATES:
Herbert Anthony. Friv Karminski. Jr., Saverio Rada,
Franeces Cooper (Production).

N

PUBLISHER :

POPULAR SCIENCE

MECHANICS AND HANDICRAFT rec.u.

EDITOR: Perry Githens

MANAGING EDITORS: Fred (). Newman, Volta Torrey.
& HANDICRAFT EDITORS: Harry Walton, Frank Rowsome, Jr.

. WESTERN EDITOR:

Godfrey Hammond

\

Monthly

APAT. GFF,

ART EDITOR: Howard C. Jensen.

STAFF PHOTOGRAI'HERS:
Hubert Lucketr.

W. W. Morris (Chief),

Andrew R. Boone (Lo Angeles).

EDITORIAL ASSISTANTS: Mae G. Dyer (Assisiant to
the Editor). Julia Charnif. Carol Ennis, Charlotte
Korch, Agnes T, Quille, Ruth Westphal.

CONTENTS FOR JANUARY,

1948

Cover painting by Phil Santry

Science News

60 Television Tubes an Ilour..,
Can Atom Guns Shoot Biggest bcc

Rocket’s Flight Kept in Sight.....c..ce... 128
New Glass Defies Acid

Wrapping 110,000 Volts in Gas............ il
Static [rom the Stars.....c.c.occoviniinnnn.

Science al Work

Pictiire of | thid NG o icsmmmsnmsmmasvseme 97
Glass Rods Can Land Big Fish
Color Simplifies Chart............... . 111
How Igloos for Guns Are Built...

They Can Analyze Cinder in Your E\ 166
PSM Fealures

Chart Quizzes Students......oo..... S 125
Tractor in Dual Role. ... c.comeeesmmsas. e 12%

First Aid for Carpets
A Five-Story Tin Cuan
Half-Track Pulls Plow
Tomorrow’s Store Today
How to Run a Power Shovel
Motoreyele Cops Show LHow w Ride....
BT 1o A ks | < es———
Chemistry Predicts How NMctals

Aviation

Dirt Track in the Skviiicieicie. 98
What's New in Aviation.,.....c....... BRI L0
Fastest Thing on Wings?............. S 135
Twisting a Twbine’s, Tail......comvimiies
Dialing Weather in the Sky....

Hitting the Hay Aloft......... -
Automobiles

Jap Cars ShowWak. . .ouwsmmi e s

“Air Conditions™ Cars..
Painless Tire Pumping
Luxury for Sale: Price, Only $19,200....

Tricycle Car Gets Around... ..141
Twin Meter Parks Cars In Tandem........144
Engine Is Where You Want It.............. 146
Gus Turns Prophet Without Profit........172
e e i R el e e Ll 176
Inveulious

New Ideas from the Inventors......... .....106
Car Top Maukes Cozy Bedroom....... w124
Engine Without Valves..............o....... oD
Realism Fools Fish......ooooooiiiiiiiin. 162
Photography

Keeping Films  Frigid
Photo Ideas and Equipment

Continued on page 4

Publisbied monthly st |vl ) purth Aveniie, New York 10, N. Y.
und Tressuree: R, O, \\1]
claws fratter Dee. 1

X lnln Ception
frn countrivs b =
Sure Lo give bath old and new adiresses,

publication dati. We

2 POPULAR SCIENCE

y Popular Science Puhh\mnu Lo,
un mond J. Brown, Steplign P, Gie rmon W,k
] the Post Office at New York under the set of Mareh 0,
7 Ve u the Post OMice Departunent, an
hts roserved in the United States,
11 - \nn riean Capyright Convention, ¥
Subseribers must notify
including zone narnhers,

Ine, Godirey Hamunond, Prestdent
Iripgs, Socvet ary, Entered as second-
Y additional entry as secand-class matter
gl Printed in U.S A, Copyright. 1947, by
¢ Heitain, and in all conntries participating in
riy submerintions to United States, its possessions
four weelis In advance of the bext

View-Fresidents

us of change of addreas



. -

*

Statio from -~

the

RS

Because a radio ham heard strange sky noises, we may get
better FM and television—and learn more about onr universe.

By Herbert Yahraes
Drawings by Ray Pioch

HEN young Grote Reber was a high

school sophomore, he operated 9GFZ
in Wheaton, 111., and tacked so many recog-
nition—QSL—cards to his bedroom walls
that the plaster cracked and his parents
cracked down. When not communicating
with El Paso, Arequipa, Capetown, Prague,
and other points, he designed equipment to
communicate with them even better. No-
body who knew him then will be surprised
to learn that he is still in radio—listening not
to the chatter of hams, but to mysterious
and bothersome radio waves that come from
the heart of the Milky Way.

Reber—the first ¢ is long, as in receiver—
has designed and built a huge radio mirror
that traps radio waves from the stars the
same way that an ordinary telescope mirror
traps light waves. The radio waves can be
used for the same job—to explore the uni-
verse. After 10 ycars of experimenting
with the mirror in his family’s yard in
Wheaton, where the ignition system of
every passing automobile broke into the
stellar broadcasts, Reber has sold it to the
United States Bureau of Standards and has
signed on to operate it as one of the Bu-
reau’s top radio physicists. Now, in a big,
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quiet field in Virginia, 40 miles west of
Washington, the 35-year old former ham is
ready to work full time decoding the mes-
sages from space.

The Bureau expects these messages to
help answer at lcast one question of im-
mediate, practical importance: Where shall
FM and television stations be located? They
may also influence the design of new high-
frequency equipment. For Reber’s tele-
scope already has shown that radiation from
the great beyond comes in on the same fre-
quencies as those used for FM, television,
and radar. It is, in short, cosmic static, and
on these frequencies it can be as upsetting
as ordinary thunderstorm static on the much
lower home-broadcast band.

Military Use Foreseen

Furthermore, Reber’s big mirror may
have some bearing on any future war. Dur-
ing World War I, pilots commonly hid in
the sun, either to escape enemy planes or to
pounce unexpectedly upon them. Radar
spoiled that tactic in World War 11. But
static comes from the sun as well as the
stars, and sometimes floods the atmosphere
with strong radio waves. If these great ont-
bursts can be predicted—and Reber’s tech-
nique makes it possible to study them more
carefully than ever before—planes will be




Tomorrow’s telescopes may be huge mirrors that gather faint electronic radiations from stars.
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Grote Reber is shown with his great “mirror.”
He is atop a 20-foot scaffold adjusting the re-
ceiving equipment (arrow) for 160-megacycle
tests, the first frequency he used successtully.

able to zip into an ecnemy’s territory while
his radar is temporarily jammed.

Neither Reber nor anyone else at the Bu-
reau even hints that this possibility had
anything to do with his being hired, but it
is a fact that the armed services supply the
money for many a radio research project,
including this one.

Beyond these practical aspects, the radio
telescope is expected to help chart the shape
and size of the Milky Way, which is our
part of the universe; to probe into the
mechanism of the sun; and to identify
cosmic material too dark to be analyzed by
the ordinary spectroscope.

“Telescope of Tomorrow”

It is one of the developments Dr. Otto
Struve had in mind when he declared re-
cently that “electronics will dominate the
next 50 years in astronomy much as pho-
tography dominated in the past 50 years.”
Dr. Struve, eminent astronomer and honor-
ary director of Yerkes Observatory, describes
Reber’s apparatus as the “telescope of to-
morrow” and believes that because of it and
other new eclectronic devices “the construce-
tion of larger telescopes may no longer be
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the primary concern of the astronomer.”

Reber’s apparatus looks like a gigantic
parasol made of glistening sheet iron, This
mirror captures electromaguetic energy the
same way the mirror of an ordinary reflect-
ing telescope captures light, and then fo-
cuses it on a drum 20 feet above the
mirror’s center.

Inside the drum are a pair of cone an-
tennas, which convert the stellar radiation
into alternating current. This is fed from
the cone tips to a five-stage amplifier and
then rectified. The resulting direct-current
Yoltage passes into a recorder, which charts
its intensity,

Sweeps Out Path in Sky

Just as in other big telescopes, the mirror
is mounted on an east-west axis so it can
be pointed to an angle of declination be-
tween minus 32.5 degrees and plus 90 de-
grees along the north-south meridian. As
the earth rotates, the telescope sweeps out
a path in the sky along the angle the ob-
server has chosen.

Down in the housing at the base of the
telescope, a pen automatically draws a line
on a strip of paper—just as in the machines
used to record electric waves from the heart
or the brain. The chart moves six inches an
hour. The line is straight until radio waves
from outer space are intercepted; then it
moves up, the height of the move measur-
ing the intensity of the radiation.

People who don’t know anything about
radio, except that if they dial 770 they get
W]JZ, often ask Reber, What do you hear
from the stars? The tall, slim physicist
grins and says he doesn’t hear a thing. He
points out that radio waves themselves are
not sound: they are electromagnetic energy.
They can be turned into sound, all right, or
they can be used to draw lines on a chart.
“If you want to get the Rose Bowl or a per-
formance of Carmen,” he says, “it’s sensible
to turn them into sound; if you want to
study the universe, it’s sensible to let them
draw lines.”

Once in a while, though, Reber does plug
i a headset. What he gets is pretty disap-
pointing. “The music of the spheres,” he
says, “is nothing but a hiss.”

The sun’s basic message is also a hiss, but
riding on top of it, as disturbances flare up
in the solar atmosphere, come sudden puff-
ing and swishing noises. These may last
only a second or less, or they may overlap,
giving rise to a grinding sound. That’s




Conversion of radiation into AC is shown in
diagram at left, above. Actually, both amplifier
an(¥ rectifier are inside the little knob that
sticks out from drum at focal point. At right,

when a television picture is likely to get the
heebie jeebies.

This difference between solar and stellar
noise is one of the veasons Reber doubts
that the two phenomena have exactly the
same cause. Another is the fact that the
sun and the Milky Way come in with the
same intensity on one frequency but with
widely varying intensities on others. If the
cause were the same, he says, we would not
expect the radiation to be of the same
strength since, after all, the sun is much
closer than the Milky Way. But we would
expect lhe ratio of intensity to be uniform,
no matter what frequency the waves came
in on. However, it isn’t.

Reber has been tuning in the heavens for
10 years, but, until recently, he was unable
to give full time to the job or use certain
refinements in his mechanical and electronic
equipment. What started him off was a
series of scientific reports by Karl G. Jansky,
of the Bell Telephone Laboratories, that
were ‘published in the Proceedings of the
Institute of Radio Engineers. The first of
these appeared in 1932 when Reber was
studying at the Armour Institute of Tech-
nology. Jansky had set up a rotating an-

above, is the laboratory apparatus. Top holds
controls for amplifier; center, automatic re-
corder that charts time and intensity of radia-
tion reception; bottom panel, power supply unit.

tenna at Holmdel, N. J., to study the di-
rection and intensity of ordinary static and
had been surprised to find himself recording
not two kinds of static but three. The first
was from local thunderstorms, the second
from distant thunderstorms. With scientific
caution he described the third kind as “a
steady hiss-type static of unknown origin.”
He thought at first that it was coming from
the sun but later concluded that the Milky
Way was generating most of it.

Years of Research Ahead

Out in Illinois the young student, Reber.
sought the answers to questions posed by
Jansky’s findings from physicists and mathe-
maticians at the University of Chicago.
They couldn’t satisfy him. And when Reber
proposed to make the subject his research
project, they pointed out that he might
have to work on it 10 years. “Universities,”
he says today, “are geared to get vou a
Ph.D. in three.”

So Reber took a job and plunged into
weekend and night-long research on his
own. His goal was equipment sensitive
enough to determine just where the heaven-
ly radio noise was coming from and how
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Charts showed great radiation rise when sun
passed through the Milky Way and “telescope”
picked up both solar and stellar radio waves at
once. At top, peaks come at ends; below, in mid-
ale. Sharp black peaks are from auto ignitions.

strongly. He kept thinking about ordinary
telescopes. Why not build one for radio
waves, using a big disk as its mirror and an
antenna as its “eyepiece?”

The mirror was fairly easy to make, He
bolted together nine pie slices of sheet iron
for the middle of it, and added 36 lengths
around the circumference. He fastened it
to wooden ribs with screws.

The electronic equipment, particularly
the amplifier, was tougher. He tried out a
frequency of 3,300 megacycles. He got
nothing, and he got nothing on 910. At
these extremely high frequencies his original
apparatus was too insensitive to pick up the
waves from space.

Finally Makes Contact

He kept trying. “You know how it is,”
he says. “You start off cheaply and you
keep figuring that if you spend just a little
more you may get somewhere.” What
Reber spent would have bought him three
automobiles.

One bright midnight in October of 1938,
15 months after he had completed his
first model, he pointed his telescope at the
Milky Way and then hurried into the cellar

|52 POPULAR SCIENCE

f WAy
O
B e, g
/ g .
ﬁ[\_‘ ‘> 8
'( ‘ e ) ‘I’
T
- \
o
4 ) 4
Lol B i
< {
,-,/I"o- =T 7 '
| & A
RN\
AT
" ;<_' NoN- Al v s
»"’ = '.Jr“ ! I“L
N ‘,S"
- . S ;
| ) PR O
. 2 St

i’lotting intensity of radiations according to the
direction from which they come produces these
“contour lines,” counecting points of equal in-
tensity, on map of northern Milky Way. “Peak”
at lower right center is Sagittarius.

of his home to watch a little meter he had
rigged up. It looked like the specdometer
of an automobile. The frequency was
160 me. As he watched, the needle slowly
rose from the base line. The young en-
gineer plugged in a headset. From the di-
rection of the constellation Sagittarius came
a hiss.

Eventually, Reber could afford an auto-
matic recorder to take down the stellar
broadcasts, but in those early days he had
to rely on the meter. Night after night he
would take readings—every minute, begin-
ning at midnight. He couldn’t get accurate
results before then because the Reber home
was only two and a half blocks from the
railroad station and a block from a parking
lot, and every time a car passed he could
hear all its spark plugs popping. Even after
midnight he got interference from ignition
systems and electric switches. He made his
readings every minute on the minute until
six in the morning; then he would grab a
couple of hours” sleep and drive into Chicago
to design electronic equipment, first for
Stewart Warner and then for Belmont.

At first the neighbors pestered him with
questions about that big shiny “shaving




mirror” perched high above the rhubarb
patch in the yard, but after a while Reber
could tell when there were strangers in town
because only strangers would stop to look.

The automatic recorder was the answer
to Reber’s need for more sleep. It also en-
abled him to chart the radiation more ac-
curately. The waves didn’t come from every
part of the sky, nor were they of uniform
intensity. Reber would make several charts
of each angle of declination under study—
one chart a night—and then plot them on a
globe representing the sky of the northern
hemisphere. ’

Such studies may explain the nature of
the Milky Way. Classification of the Milky
Way as a type of spiral nebula, says Dr.
Bart J. Bok of the Harvard College Observa-
tory, is one of the outstanding problems
confronting astrophysicists. They've been
stymied so far, partly because we are in-
side this great galaxy—like a bug in a watch
case—and so can’t get a good look at it, and
partly because some of the sections we can
look at are obscured by huge, dark clouds of
gas and cosmic dust.

Here's where the radio telescope comes
in. Reber’s work indicates that the greatest
source of radiation is in the direction of the
Milky Way constellation of Sagittarius, or
the Archer, Perhaps, then, this is the center
of the nebula, 10,000 light years away.
Other main sources are in the direction of
Cygnus, or the Swan; Cassiopeia, which
forms the big W; and Canis Major, where
the Dog Star is. Perhaps these are the arms
of the spiral.

More Observations Needed

Many more observations must be made
before the picture becomes clear. Fortun-
ately, at the Bureau of Standards Reber can
work a lot faster. His “telescope of tomor-
row” is now mounted on a motor-driven
turntable so that it can sweep a path along
one angle of declination in a few minutes.
Now he can make as many charts in two
weeks as he used to make in a year.

The offer from the Bureau of Standards
came just as Reber was getting discouraged.
Wheaton was a lovely town, but it had too
many automobiles. Their ignition systems
scrawled over his charts at night, and day-
times, when he tuned in the sun, they made
a record that looked like a fringe of hair
standing straight up around a bald-man’s
pate. For good work he needed a location
fairly free of man-made electrical disturb-

ances. So his turntable, delivered just be-
fore the war, lay in the cellar while he tried
to get financial backing for a full-time study
in some isolated spot.

Raising Money a Problem

First he approached the universities. He
went to his friend, Otto Struve, of Yerkes
Observatory, of the University of Chicago.
Struve was all for taking over the project,
but in the end he couldn't find the money.
Harlow Shapley, of Harvard, said Reber’s
work was wonderful, but Harvard’s money,
too, was all tied up. The young engineer
got similar answers from distinguished
scientists at other universities. But they all
added: “Be sure to give me as reference.”

Fortified with references, Reber next
tackled such people as officials of Belmont
Radio, Bell Telephone, Sperry Gyroscope,
Bendix, Stewart Warner, and other com-
panies making or using electronic equip-
ment. They all seemed sincerely interested,
and they all said, in effect, “Now if you will
just sit down and help us get our money
back on this thing—." Reber said it might

be years before he could do that.

The break came a year ago last fall.
Reber was in the audience when Dr. E. U.
Condon, director of the Bureau of Stand-
ards, told a Chicago convention of elec-

el e R e~ . -
This German Wurzburger radar antenna has
been adapted for use with Reber’s equipment
for receiving solar radiations and set up at Ster-

ling, Va. Housing is German prefab steel shack.
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tronics men about the Bureau’s policy—to
undertake research that commercial com-
panies couldn’t do well or couldn’t do at all.
Reber went home and wrote Condon that
that was the sort of research he had been
doing, too. Back came a letter asking if
Reber would invite two Bureau physicists
to look over his apparatus. Reber said sure.

The visit was set for November 20 but
the government men arrived a day late—
three of them instead of two. It was a
miserable day—cold, rainy, not a sign of the
sun. Nevertheless, Reber pointed the tele-
scope at where the sun was supposed to be,
and the four men huddled around the auto-
matic recorder in Reber’s cellar. Even
Reber was amazed at what happened then.
The pen recorded solar radiation far strong-
er than any he had previously picked up.
He listened in and heard rapidly changing
pufts and swishes and grinding noises, all
riding on top of a steady hiss. The sun,
though entirely hidden from sight, was
certainly putting on a show.

The visitors were impressed. But was
Reber sure it was the sun? He turned the
telescope to other parts of the sky, and the
puffing and swishing faded out. Turn it
back, they said. In came the solar static as
strong as before.

A few days later, Washington sent Reber
a job application blank.

Hobby Goes on the Pay Roll

Reber signed on with the government
Jast June to work full time at his hobby.
Since then he has dismantled his equip-
ment, shipped it east, and installed it at the
Bureau’s radio propagation laboratory at
Sterling, Va.—a great, flat, lonely field
stretching away from a narrow red clay
road and dotted with a few shacks and
many antennas. It is a pretty good substi-
tute, he thinks, for the desert he longed for
when Wheaton spark plugs popped all night.

He has also adopted two German Wurz-
burgers to his work. A Wurzburger is an
early warning device, a type of radar, made
of steel mesh 25 feet in diameter. It resem-
bles a hollowed-out quarter of an orange.
Fitted with electronic equipment devised by
Reber and trained on the sun by automatic
control, the Wurzburgers take care of the
solar radiation part of the program while
the “telescope of tomorrow,” more suitable
for Milky Way investigations, probes the
rest of the universe.

Working full time and with the help of
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other Bureau scientists, Reber hopes within
a few years to collect data that will tell
broadcasters what frequencies they can ex-
pect to have jammed by cosmic and solar
static, and how close together FM and tele-
vision stations ought to be located if the

-public is to get the fullest benefit from them.

He hopes to learn, also, where these heav-
enly broadcasts originate, and why.

To Seek Celestial Elements

Right now he has these facts to go on:

The cosmic radiations come from the di-
rection of certain points in the Milky Way;
with a few exceptions, he receives none
from bright stars in other parts of the sky.
So he concludes that the broadcasts arise in
or behind the dark, gaseous clouds that
form half of our supergalaxy. If so, why?
We might know if we could learn what
these clouds are composed of. Under cer-
tain conditions, each element sends out ra-
diation of a certain frequency. The problem
is to find the frequency and to build a set
that will receive it. Reber is now finishing
a set, to be used with his mirror, for tuning
between 1,400 and 1,450 megacycles. “A
smart Dutchman at Yerkes,” the astronomer
H. C. Van de Hulst, has told him that there
he may find hydrogen. If he does, he will
then look for other elements.

This will still leave the final cause of the
celestial broadcasts up in the air—or, rather,
up in the empyrean where they come from.
Perhaps they are one of the results of atomic
fission in various cosmic laboratories. If
that is so, the radiation has lost most of its
energy before hitting the mirror of tomor-
row’s telescope: it wouldn't hurt even a
Hiroshima flea.

Whatever the cause, the waves do have
something to tell us—as immediately prac-
tical as where to spend millions of dollars
on high-frequency broadcast stations, and
as fundamental as the nature of the universe
in which we whirl out our days. END

Molecular Action Signals Heat

Hear depends upon molecular motion.
The air of an oven feels hot to the hand
because the vibrating molecules of air strike
the hands swiftly.

Grass looks green because it absorbs all
the light from the sun except the green
rays that it veflects to the eye.







