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COLOR
TELEVISION

Today

ALL-ELECTRONIC color television, fully
compatible with the present standard
black-and-white system, has made rapid
strides in the past two vears as demon-
strated in recent field tests, Owners of TV
sets in the New York area responded favor-
ably to reception of the RCA color pro-
grams in black-and-white. A new RCA
experimental color-TV receiver appears in
photo A. NBC studio shots, and outdoor
scenes, photo D, were picked up by the
color cameras during the tests. In the RCA
color-TV system the equipment is all-elee-
tronic—at the studio, transmitter and re-
ceiver as illustrated in sketch B.

Late in September a new contender made
a thrilling entry in the color-television
field with a handmade experimental model
of a compatible all-purpose TV picture
tube, Basically it employs the same idea as
the RCA color tube—but simplified. The
inventor, shown with the new tube in photo
C, is Prof. Ernest 0. Lawrence, atomic
physicist at the University of California
and the inventor of the cyelotron. The tube
employs a wire grid for color switching,
and automatically switches from one sys-
tem to another, Experts say that, if it
proves successful, the tube can be mass-
produced at comparatively low cost,
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FIRST RADIO
and TELEVISION
RECEIVERS

FOR EXPERIMENTERS

| By Frank L. Brittin WIDEX

l YERHAPS there is no better way to make
us realize and appreciate the conven
ience, entertainment and edueational value
of today's radio, television and electronic
devices than to take a quick look at some
early models. Popular Mechanics Maga-
rine, now celebrating its 50th Anniversary,
was a pioneer in keeping readers informed
about these comparatively new modern
arts that have developed so rapidly.
Today we can put radio receivers in our
pockets — but the first vacuum-tube re-
ceiver ever described in Popular Mechanics
Magazine for construction by experiment-
ers was 9 in. deep, 14% in. high, 41% in,
long and employed only two tubes. It ap-
peared in the January 1920 issue. For photo
A above, the caption read, believe it or
not, as follows: Taking up Only a Small
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Amount of Space in the Corner of the
Room, the Cabinet is an Inconspicuous Ar-
ticle of Furniture, and if Properly Finished,
may be a Real Ornament. However, in
those days it was considered to be a keen
performer, bringing in long-wave signals
from IDO (Rome, Italy), POZ (Nauen,
Germany) and YN (Lyons, France), as
well as from the American stations such as
Sayville, Arlington and others. It also tuned
in the short-wave ham band. This was, of
course, all “wireless telegraphy™ as voice
broadeasts did not come until later,

A G-volt storage battery provided the
A-supply; the B-battery consisted of two
banks of 10 flat-type three-cell fashlight
batteries. The two-tube circuit employed a
§1.50 DeForest Audion tube, photo B,
{known to the “wireless fraternity” as an
“apple” tube), and one $5.00 Audio-Tron
luEe. Both the primaries and secondaries
of the large couplers (tuning coils) were
multitapped. The elevator devices for rais-
ing and lowering the secondaries were lead
counterweights operating on pulleys: the
intenna used was a single wire, 160 ft. long.

The builder of all of the receivers shown
wis a Radio Operator, Commercial First
Grade, license No, 14540, and also a radio
‘ham.” Popular Mechanics' radio section
continued to keep its readers informed of
every improvement in this rapidly advane-
g art. Soon, voice and musieal Programs
were available and five vears later, in
the February and March 1925 issues, an
‘eight tube superheterodyne receiver”
was described for construction. This popu-
lar student receiver, photo C. was housed
I an attractive homemade eabinet and
tged & loop antenna. Radio quickly became
#n ideal cooperative hobby for father and
son. A surprising number of the outstand-
ing radio and electronic engineers of today
will tell you that they began by building
and repairing radio sets and electronie de-
¥ices at home for fun. From these early
tays to the present time Popular Mechan-
icg has been one of the chief feeders of new
students to the large radio and television
iraining schools.

Television started to show promising
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possibilities in large laboratories in 1928
Experimental television programs were on
the air in New York, Chicago and Los An-
geles in 1928 and 1929, These were rather
crude efforts as measured by today's stand-
ards. TV engineers of the 1920s used Paul
Nipkow's idea of the 18805 for scanning
pictures with a perforated spinning disk.
These scanning disks, and a neon lamp,
“tube,” used with them, photos E and
G, were made available in 1928, They were
used in Popular Mechanics' experimental
television receiver construction article that
appeared in the December 1928 and Janu-
ary 1929 issues. Photos D, F and H show
various views of this receiver, which, with
the aid of a condenser lens, gave a pinkish
picture about 3 in. square. The original
cabinet and eircuit diagrams are repro-
duced. Three perforated spirals in the scan-
ning disk, and corresponding openings in
the cabinet, permitted the operator to tune
in either 24, 36 or 48-line pictures.
Today we look forward to peacetime all-
electronie, three-dimensional color tele
vigion, and radio astronomy.
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& DeForest's patent of a “device for

g Al!f omplifying feeble electrical currents'

‘.i"*:ﬁ‘h is one of moat voluoble ever issued
‘ﬁ"'I Al

By Lee deForest
{"Father of Radio”)

'HEN VOCAL SOUND first became  tury ago came lhg-'ﬁrst l.l:.’li.‘lgl‘ﬂl.'lrh,ilrn instan-
an stor of man leaped taneous means [or communicating over

mw?—;l;:-ﬁ tgi;ﬁ_. {?“cen:b shackles of pif]_e great land distances, followed by the sub-
The first crude sign writing, where- marine cable for spanning the oceans. Bell,
pughts might be recorded, helped to  experimenting with a new form of teleg-
seattered men and tribes into social raphy, came upon the 1'{"— hf'ﬂﬂ'. and as a
and establish contact with future gen- result business and socia life were im-

& through the permanency of the rm.-as.-ur.:_;h]y increased in tempo.

word. For ages, ecclesiastics main- Late in the 19th century, wireless teleg-
d & monopoly of reading and writing. raphy entered the communications field,
sme movable type and the printing
enberg. Reading and writing
non heritage. The postal serv-
uslerlng a moderate exchange
ween people. Ancient Greeks
srude method of heliograph
gnaling. Then flags by day
night conveyved information
ances. Later, the system of
maphore devised by Claude
ing the French Revolution
h leading to the electric tele-
. Searcely more than a cen-

Lea deForest writes of the electronic oge, which be
gan in 1906 when he invented the three-slectrode tubsy

With the giont antenna, ot left, Army
Signal Corps engineers made the Frst
radar contact with the moon in 1946,
only 40 years after the electron tube
wos invented by the “Father of Rodie™

ted on their front
pogic of rodor and
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first as a means of spinning threads hetween
ships and shores, and robbing the sea of its
sinister silence; later as a practical means of

transoceanic communication. Inspired by the
classical formulas of Maxwell in England,
Hertz in Germany in the 1880s discovered
electromagnetic waves, proving them akin

156

Armn pleslen
Above, holfway up o Korean mountain, this Army
radio eperater vses o complex VHF receiver-trom.
mittor. Left, hiz 1904 counterpart tokes down o
rodio message on on sorly receiver at Fort Maisn

to light waves but of vastly longer wave-
lengths and lower frequencies.

Although signaling by means of these
hertzian waves, generated first by a con-
denser discharge across the crude spark
gaps of Hertz, Marconi, Lodge and others,
and controlled by the telegrapher's key
into dots and dashes of the Morse code,
preceded by 10 years the advent of the ra-
dio tube, those historic crudities could
scarcely be considered as properly be-
longing to the electronic age.

By common consent today, that era was
born with the discovery that electrons
traveling across an evacuated space could
readily be controlled by a simple grid
clectrode interposed between the elec-
tron emitter, a heated cathode, and a cold
plate connected to the positive terminal of
a battery, preferably of low wvoltage, its
negative electrode being connected to one

Below, Dr. Viedimir Zworykin and
o reflected-imoge television set
he made in 1929. Lef, today's
TV cameros are literally jammed
with electronic tubes and pars
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In 1916, DeForest went aloft
in this plane, making what i
said to have besn the firnt
time rodiotelephone wos vied
in o plane. It was 10 success=
ful the Army ordered two sets

end of the filamentary cathode. In that so-
called “B,"” or secondary, circuit was insert-
ed a signal-indicating device, usually some
form of telephone receiver; later a loud-
speaker was used.

The date of my discovery of this small
acorn from which has sprung the gigantic
pak that is today world-embracing, was the
latter months of 1906, But it was not until
1912 in Palo Alto, Calif., that the Audion
was used as an amplifier, first of radio sig-
nals, then for long-distance telephone com-
munication. This rediscovery was made just
in time to render possible the fulfillment
of A. T. & T.'s contract with the Panama
Pacific World's Exposition to establish
transcontinental telephone service between
New York and San Francisco before Jan-
uary 1915. Later that vear the Western
Electric Company, now further licensed
under the Audion-amplifier patents, sue-
ceeded in transmitting by radiotelephone
the human wvoice from Arlington, Va., to

Wesfinrhimass phuls
Above, two early experimenters in the
beaming of radio waves use a highly
polished refloctor behind an antenna,
Experiments such as these led to the
subsequent development of the radar

Crude as its beginnings were, rodar
is today complex beyond the under-
slonding of the layman, Some radar
ontennos on the klond of the U.5.5,
Hornet give o cue o5 to its volue
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the Paris Eiffel Tower, and also to Hono-
lulu, more than 6000 miles distant.

This gigantic step in radio speech was
made possible by the discovery, also in
Palo Alto in 1912, that the Audion amplifier,
when properly connected in a “feed back”
circuit, became an oscillator or generator
of alternating currents of practically any
frequency, numerically dependent upon
the dimensions of the circuit elements that
were involved,

That invention of the oscillating tube and
cireuits began forthwith to force into disuse
the spark-gap, open, rotary, or quench
types, and also high-frequeney alternators.
Today the use of the tube osecillator is uni-
versal, found in every radio and television
station for the generation of long, short, or
“ultra short” waves around the world.

No greater influence has been at work in
maolding our civilization than the telephone,
Today we have some 50,000,000 telephones
installed throughout the world, eonnected

1, & Mavy phate




by some 100,000,000 miles of wire and un-
numbered miles of “etherie” linkage., And
in all telephone lines today longer than 50
or 73 miles you will find electron “booster”
tubes so that one can speak from Los Ange-
les to Paris with the same voice volume as
used in local calls,

The actual poetry of this engineering tri-
umph was first brought stunningly upon
me in 1915 when I sat in an audience in San
Francisco and heard the breaking of the
surf upon the far Atlantic shore. There our
modern sophisticated generation was able
to appreciate for the first time the deep sig-
nificance of that historic phrase, first sig-
naled over Morse's wire: “What hath God
wrought?"

During its early vears there was every
indication that radio would be employed
mainly for military purposes. The Navy
and then the Signal Corps were for vears
its chief proponents, Then the widespread
elan of radio hams, or amateurs, tiring of
dot-dash conversation reached cagerly for
the new implement, the Audion, and soon
global conversations began. It was such
hosts of young pioneers in the short-wave
ocean of space, after the long waves were
officially denied them, that demonstrated

the unexpected ability of such high fre-
quencies to span the globe and to reach out
into empty space. Thus instructed, every
effort was hastened by the radio engineer
to speed up transoceanic service. Soon we
had fast facsimile, followed by unbeliev-
ably accurate transfer of photographs.

Today photographs, drawings, finger-
prints, pri:nhrtl maiter, handwritten and
typed messages, business and legal docu-
ments are flashed across the sea in facsimile
form and accepted at their face value. Thus
Honew hil--‘i-.”“'ﬁbi [lﬂ:'r' apens when a Person in
New York can sign his name to a document
in Japan or Berlin within the hour.

The microphone-amplifier-loudspeaker
combination is having an enormous effect
on our civilization. Not all of it is good!
Consider to what heights of impudence and
tyranny, and to what depths of moral de-
pravity, has radio broadeasting and the
loudspeaker attained in that recent mon-
strosity, Transit Radio, Ine. Almost incred-
ible is the loathsome faet that already in 21
cities bus riders must listen to never-end-
ing, blatant advertising and unwelcome jit-
terbug and bop musie, “viciously repugnant
to the spiritual and intellectual assump-
tions of American life,” as Prof. Charles

PLPULAR MECHANICS

Black of Columbia Uni-
versity wrote. This out-.
rage isunguestionably
the all-time low to which
radio broadeasting can
sink.

Such crimes notwith-
standing, it is questiona-
ble whether science has
contributed in one single
instance more to present
and future civilization
than it has in the gift of
broadeasting. In 1907 I be-
gan to build radiotele-
phone transmitters for the
United States Navy. In
testing these devices [
placed their output “on
the air" and played pho-
nograph records by the
hour, The tests attracted
widespread attention and
gave me the idea of mass
communication or
“broadeasting.” Three
yvears later Caruso’s voice
was broadeast from the
(Continued to poge 358)

Electron tubes are vital 1o much research. With-
out them, atem smashers like this wouldn't exist

=i

From the first three-clectrede vactuum tube, which
DeForest made in 1904, have come such electronic
marvels os the big selective-sequence coleulater
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As slectronics grows more complex,
its basic parts become smaller. Hers
a tube, ot left, ond o rectifier,
right, are shown alongiide o maitch
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Dawn of the Electronic Age
(Ceontinued from page 159)

stage of the Metropolitan Opera House
Other stars followed, I continued my broad-
casts until 1917, then resumed after the
war, first in New York, later in San Fran-
cisco. Then broadecasting struck the public
fancy. It spread swiftly. First came the pro-
grams on the air, then the public urgently
seeking equipment to listen in. There began
the growth of the multi-billion-dollar radio
industry as we know il today, with some
2000 transmitters and 50,000,000 receivers
in day-and-night operation. Business soon
saw here a wonderful medium for the com-
mercial “good will” message (too frequent-
ly, erass commercial advertising breeding
anything but good will) and so generously
sponsored the programs that today sales of
AM-station franchises are frequently re-
ported in the millions of dollars.

A melancholy view of our national men-
tal level is obtained from a survey of the
moronie quality of the majority of today's
radio programs. So few of the owners of
radio stations or the sponsors of their pro-
grams realize their unequaled opportuni-
ties for uplifting the eultural level of our
public. Neither the church nor the public
school has so powerful an influence over
the mass mind of America. There are many
outstanding exceptions to the average
mediocrity, like the programs of the “mu-
sic stations,” and eduecational programs
The same may be said regarding the televi-
sion stations now operating. The engineers
and scientists have done a most outstand-
ing, almost miraculous, job in giving us the
marvelous electronic-television system of
which all Americans may well be proud

(Continued to page 380)
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 But many who are given to use this splen-

id instrument are so elumsy, so stupid, so
shamefully dull-witted.

As though the present refinements of
black-and-white TV were not sufficiently
marvelous, television engineers have now
in readiness for public approval two sys-
tems of color. One by Cﬂgjﬁas had the too-
hurried approval of the F.C.C., an approval
upheld recently by the Eupreme Court. It
is mechanical, uses a whirling tri-color
disk, is limited in size to a 10 or 12-inch
picture, is incompatible, so that even in
black and white not one of the existing 15~
000,000 receivers can reproduce the pic-
ture without an adapter gadget. By contrast
RCA has an all-electric system, not limited
in picture size and wholly compatible. Ev-
ery existing receiver can reproduce that
picture in black and white. It is clear which
of these two systems will be more patron-
ized by the advertising sponsors! The
choice made here by F.C.C. is therefore one
of today's outstanding marvels of bureau-
cratie hunghang. National welfare demand-
ed no such haste!

In four years World War Il.gave to elec-
tronics a stimulant and boost which 15
i,_:ears of peaceful development might not

ave produced. The foremost development
was radar; then came sonar, loran, the
proximity fuse, the guided missile, the
blind-landing .'!'J.rstems %ur aviation, ground
altimeters, ground-speed indicators, auto-
matie pilots, as well as a hundred less-spee-
tacular electronic devices within the inner
working of today's airplane. Today's surg-
ing preparation of more complicated weap-
ons for defense and offense is finding hour-
ly new uses for, and new forms of, that
Promethean device, the grid tube—evac-
uated or hydrogen filled.

At one time in 1906 I held in my coat
pocket the entire world's supply of three-
electrode tubes, two in number, Last March
the month's output of small receiving and
amplifying tubes reached the astronomical
figure of 42,400,000. All in one man's life-
time! Such is the progress of science
technology in free Ameriea in this mid-20th
century.

The old, long-waged, unsuccessful battle
of wireless telegraphers for static suppres-
sion led Edwin Armstrong to his frequency-
modulation system, an old idea long
discarded as impractical. Since that accom-

lishment we have had a new growth in

roadcasting transmitters in friendly com-
petition with the old AM stations. Both
systems have their special merits.

In the vacuum-tube amplifier, in whose
operation the grid (by controlling the B
current) is itself the key, reside most of

{Continued to poge 342)
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the present and future possibilities of elec-
tronics. Space permits only the briefest
mention of some tubes and their uses. A
compact maze of diode elements may con-
stitute an electron-multiplier tube having
an amplification factor of several thousand,
ina tuie the size of your finger. Such tubes
are indispensable in the image-orthicon TV
camera that “photographs” electronically
your favorite television program.

I can merely mention today's employ-
ment of “counter” tubes, the basis of all
computing machines, solving in seconds
complex equations which would require
months of tedious mathematical analysis,
but basically employing the old Eccles-
Jordan “tick tack" circuit, useful in the
instantaneous advance computation of the
course of projectiles.

The oscillating tube has a hundred uses
beside those of radio transmission, as in
diathermy (physical therapy), plastic mold-
ing, metal fusing, welding, tin plating and
plywood manufacture. The ::3|.r-:]p tron, syn
chrotron and bevatron, atom-smashers
generating up to a billion volts, depend on
high frequencies generated by the oscillat-
ing vacuum tube. Thus has this tube ush-
ered in the atomic age. Now we have the
protective radar barrage triggered with
megawatts of pulse energy generated by a
gril|:i—'|::||:|nt.l."l.'.ll]e&l hydrogen-filled tube to pro-
tect us from a future Pear] Harbor! What
more important achievements can one ask
for the grid to perform?

With grids working half-time only we
have the thyrotron, ignitron, using mercury
vapor and argon, hydrogen or helium gas,
carrying thousands of amperes in some
sizes. Electronic deviees control high-speed
wrapping of packages, fill bottles to the
proper level, remove slate from coal at the
mines, level elevators, open doors, detect
smoke and fumes, measure vibrations and
thickness, cement, select and count, saving
man from limitless hours of tedious toil.
The traveling wave amplifier of ultrashort
waves and the transistor will more and
more supplement, but never supplant, the
Audion,

As a growing competitor to the tube am-
phﬁer comes now the Bell Laboratories’

thermistor, a three-electrode germanium

rgstal of amazing amplification power, of
wheat-grain size and low cost. Yet its fre-
guency limitations, a few hundred kilocy-
cles, and its strict power limitations will
never permit its general replacement of
the Audion amplifier.

In optical engineering the combination of
a phototube and the electron amplifier
tube is omnipresent, indispensable. It
makes possible the talking motion picture

{Continued to poge 34&4)
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as well as television, measures the energy
of stars infinitely distant from our tele-
scopes. The electron mieroscope, with mag-
nification of 25,000 diameters, makes visible
the infinitesimal universe,

As to the future of the electronic age we
can foresee a multiplication and extension
of every discovery and development which
these first 45 years have revealed. In detail:
I foresee great refinements in the field of
short-pulse microwave signaling, whereby
several simultaneous programs may ucc;.gy
the same channel, in sequence, with incred-
ibly swift electronic communication; vastly
important developments in microwave
technique, whereﬁy present clumsy con-
necting leads between wall or floor sockets
and electric devices like toasters and vac-
uum sweepers may become unnecessary;
gigantic magnetrons and klystrons, or their
successors, will generate megawatts in mi-
erowaves; living rooms and their occupants
will be heated by high-frequency waves
from walls or ceilings; short waves will be
generally used in the kitchen for rmstil:ﬁ
and baking, almost instantaneously, wi
far better results than in the past; insect
pests will be eliminated by like means; bae-
teriological and biological research will be
enormously advanced by short and micro-
waves of selective frequencies; plant

wth amazingly hastened and improved
similar means.

Automobile collisions will be rendered
impossible, or unlikely, by radar-controlled
brakes and warning signals. By means of
the radio space-analyzer, or “telescope,”
astronomers’ knowledge of our universe
will be vastly widened. (I do not foresee
“spaceships” to the moon or Mars. Mor-
tals must live and die on Earth or within its
atmosphere!)

In yet more remote decades electron
Ehysiulugists will solve the n;li'steries of

iologic “wave emanations,” akin to but
very different from hertzian waves of any
form or frequency, so that radiated
“thought or brain waves” may be picked
up at some distance, transformed into elee-
trical phenomena, analyzed, measured in
units, eventually to make a definite science
of the transference of brain and boedy ra-
diations and emotional disturbances; so
that joy and grief can be measured in def-
inite, quantitative units! Eventually, a pro-
fessor may be able to implant knowledge
into the reluctant brains of his 22nd-cen-
tury pupils. What terrifying political pos-
sibilities may be lurking there! Let us be
thankful that such things are only for pos-
terity, not for us.

As is eloquently engraved in stone on the
National Archives Bulldin§ in Washington;
“What's Past Is Prologue. y
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