JUBILEE SOUVENIR NUMBER

, Editor

HUGO GERNSBACK




For this Broadcasting Receiver
thousands have been waiting

VER since broadcasting became

the vogue there has been a de-
mand for a receiver which would
fill a whole room with music of per-
fect tone quality but which would
be so simple that anyone could tune
in by moving 2 single lever.

This ideal has at last been realized in the
Aeriola Grand—the supreme achievement
of present-day radio.

When you hear the voice and the musicC
that come from the Aeriola Grand it is as
if the lecturer or singer at the broadcasting
station were in your presence. The whole
family listens and marvels.

The Acriola Grand stands unrivaled not
only as a radio receiver but as 2 piece of
cabinet work.

Prices

Complete with mahogany stand, storage batterye
pattery charger, antenna equipment and all acces-
= LA $409~50

Without stand, storage battery, charger and re-
ceiving antenna equipment . . - - 7

With stand, but without storage battery, charger
$350.00

aacwepa. . - - - - TS
Rl What the guests heard at the
Mahogany standonly . - - - - © T ]acksons’Aert'oIa Gra”d Party

Baseball scores Chamber music

See the Aeriola Grand at your Dance music by a noted string
Songs by agreat quartet

nearest dealer aliad singet  The whole opera

. Lecture Of the «Cavalleria Rus-
Before you buy any receiver, secure a Copy of “Wedding Ring. tjcana” with ex-
the book “Radio Enters the Home.” It tells the : 3:::;,":;,“:‘};_ planations

real story of radio and will help you to get the mous author News of the day
most out of this new art. 128 pages—over 200 Weather forecast for the

illustrations—35c a COPY. At your dealer of write following day
direct to

RﬂdiO mCOPPOI‘OﬁOI\ S

New York, N. Y.

of America Distict Offce
10 So. La Salle Street

Chicago, lil.

......
..........

THIS ADVERTISEMENT APPEARED IN 1922 —
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What a difference in VALUE a few years make!

——
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RCA Vicror Electric Tuning Model 87K1...in addition to Electric
Tuning this beautiful new instrument offers the famous Magic Eye
and RCA Mctal Tubes. Straight-Line Dial, 12 dynamic spcaker,
phonograph connection. Amcrican-foreign reception, police,
aviation and amateur culls. $89.95*.

Compare the value! The advertisement on the

Visit your necarest RCA Victor dealer today or

opposite page tells about the Aeriola Grand sell-
ing for $409.50. That was in 1922,

And now—Ilook at present-day radio value! A
beautiful 7-tube RCA Victor Radio with Electric
Tuning—for only $89.95*!In all radio history few
developments have captured the public fancy as
quickly and completely as has RCA Victor Electric
Tuning! Just imagine the thrill of getting any
onc of your six favorite stations with the simple
push of a button! That’s all there is to it! Just
push a button —there’s your station, and
it comes in tuned “right on the nose.”

tomorrow. See this amazing instrument that can
be yours for so little. Notice its many other fine
featurcs. Every onc of them is proof that RCA
Victor offers great radio value—and that this set
is one of the greatest values of all time!

When buying radio tubes, say “RCA”". First in Metal
— Foremost in Glass— Finest in Tone.

RCA prescnts the Magic Key every Sunday, 2t03 P.M,,
E. S. T,, on NBC Blue Network.

*Price f.0.b. Camden, New Jersey,
subject to change without notice.

RCA MANUFACTURING

COMPANY, INC.
CAMDEN, NEW JERSEY

A SERVICE OF THE RADIO CORPORATION OF AMERICA

Please Suy Thot You Sow It in Rapio-CRAFT
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At home with the
world's greatest artists

Enjoying the exquisite interpretations of the most famous sing-
ers and musicians is a pleasure which only the Victrola can
afford you.

Only the Victrola. For the world's greatesi artists make
records for the Victrola exclusively.
Any Victor dealer will gladiy show you the complete line of Victoss and Victrolas—S10 to $100

—and play the music you know and like best.

Victor Talking Machine Company, Camden, N. J.,, U.S. A

Berloner Gramophone Co . Montral, Caradiun Ditributors
New Victor Recorde demonstrated at all dealers on the 26th of each month

fmportant warning. Vicior Toinsure Victor quslity elweys
Records can be safcly and satis- = look for the famous traderurk,
Iactorily played only with Victor “His Master's Voice™ 1t is on
Neadles or Tangs-tons Styioe every Victrola and every Victor
on Victors or Victrolas. Vicior Record. It s the identliying
Records cannot be safely played Jabel on sll genulne Victrolas
on machines with Jeweled or 3 and Victor Records.
ather reproducing poote:

THIS ADVERTISEMENT APPEARED IN 19114
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RING MORE HAPPINESS into
B your home with an RCA
Victor Phonograph-Radio!
Thenthewhole family can listen
to Victor Records. . . then the
heartsongsthatstir youmost...
the symphony you love...your
favorite opera. .. the dance
bands that please you...

\

when yox want them ... N

A SERVICE OF THE RADIO CORPORATION OF AMERICA

MARCH,

all are ready to be heard ,’r‘((}'(&?\

1938

PHONOGRAPH-RADIO

performances by the world's
greatest artists.

Never before could you hear
such a miracle of tone fidclity
and beauty in recorded music
as you can hear this year with
the new RCA Victor Higher
Fidelity Phonograph-Radios.
Many different models
to choose from, and the
prices begin under $80!

-

RCA Victor Phonographk-Radio U-109
Shownabove, matches the perfectionof
Victor Higher Fidelity Records. Dynamic
Volume Expander provides the same tone
quality at anv volume. Automatic record
changer. New RCAVictorElectricTuning.
Domestic and foreign radio reception.
170 prives 1. 0. b. Camden, N. J., subject

10 change witbout notice. RCA 1he

(Rcamemi) " MasicKey Send.ys 23 poom,
tees | LS. T., on NBC Blue Networé.

When buying radio wbes. say
snote | RCA— First in Metal — Fore
pederm 2of} mostin Glass—Finestin Tone

515

famed concert and operatic
tenor,isshown with hisfamily
listening to his newese Victor
recording, from the Album of
Stephen Foster Songs, played
on their new RCA Victor Pho-
nograph-Radio Mode! U-109.

Above—This and your radio play
Victor Records. RCA Victor Rec
ord Player. 819,95 transformsany
radioinzran electric phonograpl
radio; plays with full tone of the
radio

Plcasc Suy That You Saw It in Rap10-CRAFT
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National Broadcasting Companys, ire.

with better
ermanently assured by this im-
Radio Corporationt of
f the listening public

National ra

Tu: Rapio ConroRATIO
is the largest Jistributor
ceiving sets in the world- 1¢ handles the
entire output it this ficld of {

N o AMERICA
of radio re-

house and General Electne factories.

1t does rot s&¥ chis boastfully- 1t does not

say it with apology- Tt says it for the

the Westing-

Announcing the

pur-

portant action of the

America in the interest ©

dio broadcasting

America has purchlstd for one million
dollars statio i
Telephone &
company hav!
broadeasting

The Radio

Tc\.:guph Companys that

ing decided to retire from the

business.

Corporation of America will
assume active control of that station o

of making clear the fact that it is more November 1

targely interested, more selfishly interested,

if you please, in the best ssible broad- Nammal Broadcasung
.\ c:st'\ng in the United Grates than snyone Company Organiz

else.

. The Radio Corporation of America has de-
| Radio for 26’0001000 Homes cided to inco rate that seation, which has
d toincorpo i \

\ The marketfor receiving 683 i1 the future will achieved such 2 deservedly high reputation

be qetermined largely by the quantity and for thequality andch-ruterofmpmgrams,

under the name of the N ational Broadeast-

i h broadeast.

qu.dhly of the 'proy'am.t gadeas . B Compant, Ine.

We say quantity becguse they must be di-

\ versified cnough sob(hn some of them will The Purpose Of the
al to all ible hist h

\ Ippe to &l p°§§| e 118! encrs. New C(,1““)"'r‘y

‘e reached, N0 home in

set.

Today the best available statistics indicate
homes are equippe

chat 5,000,000

21,000,000 homes remain t0 be supplied-

Radio reeeiving sety of the best peproductioe
ality should be made available for alls and

We say quality because each
ba the best of its kind. 1§ that ideal were to
- the United States

coutd afford to pe without 8 radio receiving

program must

we hope 0 make them cheap enough 30

ol may buy-

The day has gon¢ by when ¢he radio receiv-
ing setis d p\;yd\'l.ng. 1t must now

instrument of service.

WEAF Purchased
for 51,000,000

The Radio Corporation of Americs, there:
fore, is interested, just 88 the public is, in

discrimination.

Any use of radio transmission which causes

quality of the

the public to feel that the

programs is not the highest, ¢hat the use of petitive.
radiois not the broadest an best use in the 1f other ra
| pub“c interest, that it s used for po\'nical competito

will be detn-

mental to the public interest in radio,

therefore to the Radio Corpord

\ America.
Tq insure, therefore, the developmen
\ this great service, the Radio Corporati

OWEN D. YOUNG,

Chairma

ration of

and

them.
that

1t is hoped
that every
be broadeas
be an Stases.

The purport of that compeny will be to PTO-
vide the best
casting i the

The National
not only brosdesst these
station WEAF, i
able toothe
out the count
able to do 80,

am available for broad-

United Stases

Brosdcasting Company will

ams through

¢ broadcasting st ations through-
ry so far as it may be practic-

and they may desire to take

that arrangements may be made 50
eccent of national importance may
¢ widely throughout the United

No Monopoly of the Air

The Radio Corporation of Amarica is not in

any sense eking 2 monopoly of the air
“That wou
asset. Tt is
machinery
tribution O

distribution of programs ©

quality-

cecking, howeveh to provide
which will insure # national dis-
§ national programs, and a wider

the highest

If others will engage i this business the

I« and  National B
tion of pur]

Radie Corpo
their aetion,

ration 9 Ameriea will weleome
whether it be cooperative o €om

their receiving scts they may do soon the

t of

n of the Board

same terms as accorded to other clients.

The necessity of providing adequate broad-

RADIO CORPORATION OF

A Public Advisory Council

1n order that the National Broadeasting
Company may be advised a3 t© the best
type of program, that discnmination may
be avoided, that the public may be assured
that the broadcasting is being done in the
fairest and best way, always silowing for
human frailties and human performance, it
has created 20 Advisory Council, compose

benehit of their judgment and suggestion.
“The members of this Council will be an-
nounced as 300N &% their acceptance shall
have been obtained.

M. H. Ayleswofth
to be President
The President of the nev Nﬁ\om\ Brosd-

casting Company will be M. yles-
worth, for many years Managing Directo?
of the National Electric Light Association.
He will perform the executive and adminis-
trative duties of the corporation.

Mr. Ay\eswonh, while not hitherto denti
fied with the radio industry Of broadcasts
ing, has had public experience &8 Chairman
of the Colorado Public Utilities Commis-
sion, and, through his work with the asso-
Giation which represents the dectrical in-
dustry, has 2 broad understanding of the
technical problems which measure the pace
of broadcasting:

One of his major reswns\b'\\it'\cs will be to
see that the operations of the National
Broadcasting Company reflect entightened
public opinion, which expresses itself so0
prompdy e morning after any error of
taste of judgment of Jeparture from fair
play-

We have no hesitagion recommending the
National Broadeasting Conrpany 0 the
people of the United States.

1t will need the help of all listeners. 1t will
make mistakes. If the publie will make known
its views 1o the officials of the company Jrom
time 10 gime, we are confident that the new
broadeasting company will be an instrument
of great publie service.

AMERICA

JAMES G. HARBORD, President

THIS AD
VERTISEMENT APPEARED IN 1926

THIS RADIO
CORPORAT
; ION O .
' F AMERICA ADVERTISEMENT WAS for  MARCH,
PUBLISHED
IN 1926

1938

T
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In every sense of the word

AbU.

Broadcasting Headquarters

Take PROGRAMS ... NBC’s
Red and Blue Networks sent out
over5-1.000 programs during 1937.
35 hours a day of the world’s most
popular prograwms, available to
24,500,000 radio families.

Take STATIONS . . . Complet-
ingitseleventh year, there are 142
affiliated stations broadcasting
Blue and Red Network programs.
Ten NBC associated short-wave
stations make NBC the leader in
international broadcasts.

Take PROGRAM BUILDING
...For every one of these eleven
years, NBC has set the style in pro-
grams. These styles, numbering
many “Famous Firsts” in radio,
have since become radio patterns.

Take TRANSCRIPTIONS. ..
The NBC Recorded Program Ser-
vice offers complete facilities for
the ereation, casting, production
and recording of programs for
National Spot and Local Advertis-
ing. NBC Thesaurus is used by no
less than 220 station subscribers!

Whether yow Write it... Wire it
... Phone it...Cable or Radio it

"RADIO CITY
NEW YORK?”»
is the World’s
best known

Radio Address

Take SPOT and LOCAL AD-
VERTISING...NBC’s Managed
Stations are, everywhere, “Tops
in Spot!” Super-power transmit-
ters on clear channels cover major
markets, making an economical
lineup for spot advertisers who
want to cover broad territories
with a few stations. Fifteen fine
stations in ten key markets.

Take ARTISTS SERVICE. ..
NBC Artists Service is the largest
talent sales organization in the
world. It offers both personal
management and valuable guid-
ance to artists. To radio adver-
tisers and their agencics, it offers
not only specific talent to answer
advertisers’ sales problems, but
sound program ideas as well, and
complete casts.

...These advantages, plus NBC’s
known primary concern that “the
listener be served”, first, have
caused NBC to be known, where-
ever radio is mentioned, as

“BROADCASTING HEADQUARTERS”

NATIONAL BROADCASTING COMPANY

A RADIO CORPORATION OF AMERICA SERVICE

Please Say That You Saw It in RAD10-CRAFT
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WORLD WIDE WIRELESS

hne of Radio Transmitting and Receiving
CORI’ORATION OF AMERICA, tor

the Corporation isin a

N addition to the complete
sets sold bv the RADIO
Ship to Ship and Ship to Shore Communication,

position to quote upon:
PORTABLE MULE PACK AND CART RADIO SETS.
SPECIAL TYPES OF SPARK TRANSN’HTTERS FROM 1 TO 20

KILOWATTS, FOR MOBILE AND FIXED STATIONS FOR

L COMMERCIAL AND GOVERNMENT USE.

MILITARY TRACTOR SETS or THE VACUUM-TUBE TYPE.
SPECIAL CONTINUOUS WAVE TRANSMITTERS FOR SUB-
MARINES, DESTROYERS, SEAPLANES AND FOR NAVAL BASES.

SPECIAL INTER-FLEET RADIO TELEPHONE SYSTEMS FOR
BATTLESHIPS AND OTHER NAVAL CRAFT.

The Corpomtion has in development a new series of Continuous Wave Tube Trans-
he various ficlds of commercial usage. This apparatus bears the stamp of

mitters fort
ric Co., (U.S.A.)one of the world’s largest electrical manutacturers.

The General Elect

TRANS-OCEANIC RADIO

Two hundred kilowatt radio frequency alternators are now in daily use in the
Corporation's high - power trans-oceanic stations. The Corporation is in a position

to bid on similar equipment for international communication.

SHIP - WIRELESS may be
bought outright, may be leased,
and mav be bought or leased in
addition to our service of nspec-
tion, maintenance and operation.
We provide licensed, skilltul and
trustworthy operators. Also our
service and inspection depots are
located at all important scaports
of the world.

st Office Will Give You All Details and Information

l Qur Neare
RADIO CORPORATION OF AMERICA
1 1 EDWARD J. NALLY, President
WOOLWORTH BUILDING NEW YORK CITY
BRANCH OFFICES IN THE U. S A
BOSTON PHILADELPHIA BALTIMORE NORFOLK SAVANNAH
NEW ORLEANS GALVESTON PORT ARTHUR CLEVELAND CHICAGO
SEATTLE PORTLAND SAN FRANCISCO $aAN PEDRO HONOLULU

i s R

THIS ADVERTISEMENT APPEARED IN 1920
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Send your messages

Direct communiecation with 43
foreign countries and among

w\ \,.«,.‘...w-““‘“ ek Esiri 11 ecities in the United States

Telewraph Administration

-
1
i

RCA Conmmunieations offers every type
of radio telegraph service to and from
43 foreign countries, as well as between
11 leading cities in the United States.

To send yourmessage™ Via RCA”istoin-
y £
sure fast, eflicient handling of your com-

munication with any part of the world.

RCA Communications maintains oflices
in principal cities in the United States,
and in addition, every office of the
Western UnionTelegraph Company isat
your service in handling international

radio telegrams. The citics reached by

In this acenie tropical setting is
loeated the Malabar transmitting
station of the Netherlauds East
IndiesTelegraph Administration.

The serial has heo stearng from Boston, Chicago, Detroit, Los Angeles,
ne mountain top to another, . .
- New Orleans, New York, Philadelphia,

San Francisco, Seattle,Washington, D.C.

RCA’s domestic service are Baltimore,

d Wireless (A ) Ld,

Architecturalstyles have notehanged
greatly in the Fiji Islunds sinee Cap-
tuin Cook’s last visit about 1779,
Housed beneuth the thatehed roof of
this it is equipment which would
bave delighted and amazed the fu-

Short wave radio receivingsta- §
tion N.E.T. of Netherlands East |8
Indics Telegraph Administra-
tion at Tjililin. Adjnstable an-
tennus permit most fuvorable
positionforreception. The palm

- S - Sy o0 NS

On a site cut out of the virgin forest stands the radio mous navigator. 1t is the Amalgu-

. 1’hoto by N - o .
trees add to the pietnresgue- Netherlands East Indies telegraph station at Ketehihan, Alaska. Messages to this mated Wireless,Ltd. shortwaveradio
ness and offer ne interference, Telegraph Administration statiou casily skip over almost impassable wilderness. receiving ion for the Fiji Island

ZLA COMMUNICATIONS, e, -

A RADIO CORPORATION OF AMERICA SERVICE

Please Say That You Saw It i Rap10-CRAFT
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Promised Land

“The Promised Land” is the name professional opera- This new course of radio training, which has heen
tors have given to the New York Radio Central Station, developed for the benefit ¢f those who cannot attend
on Long Island. When completed, this station will be  the Institute personally,is the rame cour -e used at the
the largest and most powerful radio tation in the world. Institute. It includes everything from basic principles
It will be equipped to work simultaneously with five of electricity and magneti-m, to actual operation of
other nations in widely separated and distant parts o commereial radi» equipment. It also includes the same
the world, and will be epoch-making in the field of in- texthooks used in the In titute classes, as well a3 a
ternational communication. buzzer set of greatly improved design, with a variable
Enrollments are coming in by every mail. Why aren’t automatic transmitter, for C,Ode prflctlce. .
vou one of the wideawake wireless men who have seen . The graduates of the Radio Institute of America en-
ihe new and greater opportunity opened to them by Joy u great and excluive advantage in the close con-
this fascinating field? NOW -not some later day -isthe nection existing Letween the Institute and the Radio
time to act! Corporation ¢f America, world's largest radio manu-
A position at this station iz the height of every facturing and commercial radio cozipany-
operator’s ambition, for it means unlimited oppor- Prominent executives in the radio field are former
tunity to succeed and progress 10 higher, more re- students of the Institute. The Radio Corporation em-
i ploys thousands cf men, in its executive departments,

sponsible and better paying positions in the racio
and at shore stations and in factories und
laboratories. A large percentage of these men are gradu-

industry. So far as opportunity goes the successful  on ships

future of these men is assured.
Tlow about you? ates of the Institute.

The Radio Institute of America has been an established and successful institution for over fifteen years.
The year round average attendance in its classroors is now 298 students per month. It has trained over 6,000

men, 95% of whom have successfully engaged in this new branch of science and industry.
You, too, can be successful in this new ficld if you properly train yourself. Radio offers an unlimited oppor-

tunity for future advancement —why not take advantage of it.
Write for our booklet and further details —now.

Radio Institute of America

(formerly Marconi Institute)

326 Broadway, New York

THIS ADVERTISEMENT APPEARED IN 192
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..Serving ships

on every sCA—
in all Branches of Radio

IGIIT NOVW, as you
read this, there
are on cevery sea hun-
drcds of ships for
which RCA is per-
forming a service.
These ships include
small pleasurey achts,
tankers, freighters,
large passenger lin-
ers. And the radio
service RCA is ren-
dering is greatly di-
versified. Some of
these ships are being
guided through fog
and storm with the RCA Radio Direction Finder.
Others are in direct radio communication with
shore or with other ships, through the medium of
their RCA Transmitting and Recciving Equip-
ment. Still others are guarding against tragedy
at sea with the RCA Automatic Radio Alarm.
RCA’s radio service to ships at sea is complete.
No matter what you want for your s]lip——if it’s
in coomection withradio—Radiomarine can supply
it! RCA’s vast wealth of experience in every phase
of radio, its long association with the problems
of marine radio, make equipment bearing the
RCA trademark your logical choice. More and
more cach day smart marine operations men are
secing the wisdom of going “RCA All the Way.”

Tt means more dependable radio for their ships.

Radiomarine Corporation

of America

A Service of the Radio Corporation of America

@ INSTITUTES

A Radio Corporation of America Service

RADIO INSTRUCTION

Technical Courses in Radio and Electrical
Communications; Television; Commercial
Radio Operating; Broadcasting: Radio Ser-
vicing; and Associated Electronic Arts.

The Spring Term, beginning March 7,
inaugurates the Course in

TELEVISION

its fundamentals and most recent devel-
opments.
DAY AND EVENING CLASSES
WEEKLY TUITION RATES
HOME STUDY COURSES

Catalogue sent on request Address Dept. R

RCA INSTITUTES, Inc.

School of Radio and Commun ications Engineering

75 Varick St., New York 1154 Merchandise Mart, Chicago

@ REVIEW

A Quarterly Journal of Radio Progress

This, the youngest member of the RCA
Family, in less than two years has
reached top rank in its field, both in
the importance of its contents and in

the number of its paid subscribers.

Each issuc contains first-published

’ papers by leading RCA engineers on
principal phases of radio and clec-
tronics. The January issue is now ready.
Subscription, $1.50 (foreign, $1.85)

1 for four issues, including free copy

of 435-page “Television, Volume I1”.

Published by
INSTITUTES TECHNICAL PRESS

75 VARICK STREET NEW YORK

Please Say That You Saw It in RADIO-CRAFT
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at last —
the portable super-heterodyne

PERFECTED

by McMurdo Silver. It sur-
passes your fondest hopes.

AUTHORITIES

on Radio have declared it to
be an “ELECTRICAL MAS-
TERPIECE.”” It secures re-
sults you never hoped to obtain
outside of a Laboratory, and is
so simple that you can con-
struct it with a pair of Pliers,
a Screw Driver and a Solder-
ing Iron.

THE PARTS

recommended by My, Silver
include a drilled and engraved
Panel, and everything neces-
sary to build the set. Price
$58.00 Trarcel Tost prepaid,
East of Rockies. (Accessories
not included: Tubes, Batteries,
("abinet, Loop, Loud Speaker).

SILVER SPECIALS
Oscillator Coupler, No. 101 ...................... $2.50
30 KC Tuned Qutput Transformer, No. 20t.......... 3.50
.0005 Low Loss Condenser, No. 301 .......co000eee 4.50
50 KC R.F. Transformer Unit, No, 401............ 4.00
5-Gang 199-Socket, No. G01.....00cviveiinnennanns 3.00

Write for Descrintive Circulars

All S.M Products are backed by Silver-Marshall’s Uncone«
ditional Guarantee of Satisfaction or Your Money Dack.

EASTERN DISTRIBUTOR
Twentieth Century Radio Corp., 102 Flatbush Avenue
Brooklyn, N. Y.

Silver-Marshall.inc.

105 S. Wabash Avenue, Chicago, III.

THIS ADVERTISEMENT APPEARED IN 1924
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RADIO BY McMURDO
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TARTLING radio engineering achievements

have characterized the work of McMurdo
Silver for a quarter of a century. Year after
year his radio receivers have won the acclaim
of technical schools, engineering laboratories,
radio distance receiving champions, leaders
of scientific expeditions, and internationally

SILVER

say that no real conception of what radio
offers today is possible until you have tested
the 1938 masterpieces of this master engi-
neer.Here is radiowhich, with uncanny “reach”
goes to the earth’s four corners to snare
unique and unusual programs...music, sports,

news, ships’ messages. Thirty-six

famous musicians . .

The 14-18—Super-sharp com-

munication receiver of 14 tubes

(15 with larger speaker) with

tuned and stabilized regener-

ative r. f. amplification on all
wave bands.

Type 1B Pre-Amplifier Mixer —
This pre-ampli-
= fier and elec-
tronic-mixer
(self powered,
universal a.c.—
d.c.) features
two channels
into the two
! triode sections
of a 6F8, the two capable of being mixed
and faded together by individual gain con-
trols. The first with a 6J7 pentode yields
56 db. voltage gain with an input of 2
megohms permitting use of crystal or other
low-level microphone plugged in directly
through standard shielded jack and plug.
The second channel serves for high-level
microphone and phono-pick-up or radio
receiver input and gives a voltage gain of
20 db. Operation is from any 105 to 125
volt, 25 to 60 cycle a.c. or d.c. power line.
Hum is unmeasurable and the 1B may be
used to drive following power amplifiers
with no trouble on this score, with 20 to 50
foot separatian through single conductor
shielded microphone cable. Substantial
steel shielding caseis 7' long, 6'' high and
3-1/2" deep. Shipped complete with 1 each
tested Raytheon 6J7, 6F8 and 6]5 it will
turn any good receiver into a complete
P. A. System.

. have made widely
accessible results previously considered
unobtainable outside of a laboratory.
This leadership in radio engineering

is strikingly demonstrated by current
models. It is no exaggeration to

The Masterpiece VI—New t. r. f. super-

heterodyne and exclusive Multi-Band Cir-

cuit, employing 21 tubes on two 3/32-in.
chromium plated steel chassis.

and Sensitive Dynamic Microphone

In America’s best and most highly developed
broadcasting stations, the dynamic microphone
reigns practically supreme as the acme of
microphone quality. So, in offering a micro-
phone comparable in quality to McMurdo Silver
receivers, we naturally selected the dynamic
principle as the sound basis upon which to start
development.

New

We are proud to offer at one and the same time
not only a microphone directly comparable in
quality to the costly units used in the finest broad-
casts, but to provide throughrecent research greatly increased
sensitivity, a combination of directional or non-directional
characteristicsin one single unit—and tobe able to establish what
isan extraordinarily low price for such a remarkable instrument.

The new McMurdo Silver 4A Dynamic Microphone is shown
mounted upon its 7' high, no-tip-over steel desk stand, together
with the shielded plug which terminates at the microphone,
the 25-foot rubber-covered shielded microphone cable with which
it is equipped. Both stand and cable plug unscrew for conven-
ience. Thestand thread is standard, so that the microphone itself
may be quickly transferred to different stands as may be desired.

This superb microphone is only 3-13/16" long and 2-1/4"in
diameter, and weighing but 1-1/2 lbs. has a frequency charac-
teristic flat to 3 db. from 50 to 10,000 cycles—the full range of
the best broadcast stations. Its "'level’’ is unusually high, being
only—52db.and its output impedance is 50,000 ohms and mate-
riallyreduces a.c. hum pick-up by the microphone or its cable
and permits quite long microphone-to-amplifier cables—even
up to a couple of hundred feet when necessary.

distinctive technical features
are responsible for the

“Years Ahead” perform-
ance oftomorrow’sradio
by McMurdo Silver.

Send for details.

tubes.

The 15-17--Advanced 15 tube
super-heterodyne circuit deliv-
ering functional efficiency of 17
Every coil and circuit
individually shielded and chas-
sis chrome plated throughout.

New Selective-Directional Antenna

-
T/’:..‘..
Iy >
g )

S
‘\& .1“"
‘ -7 ~GND
=l

7
Praeure

AnT

The SELECTIVE-DI-
RECTIONAL 9 is a
Eositive means of

oostingweak signal
strength and reduc-
ing noise and in-
terference. It pro-
vides an extraordi-
nary amount of local
noise reduction—de-

C pended wholly upon
how far away fsom and high above local
electrical noise sources one can erect its
"X’ flat-tops.

The SELECTIVE-DIRECTIONAL 9 gives
nine different choices of directional dou-
blet, single wire and V-aerials. One may
select at the turn of the knob an East-West
or North-South doublet, an East, West, or
South single wise 'L antenna, or a South-
East, South-West, North-West or North-East
"V’ aerial,

All are coupled to the receiver through a
noise rejecting transmission line and per-
fected automatically self-selectinglong and
short wave antenna and set couplers.

All soldered and ready to put up, erection
requires only two crossing 60-foot spans in
approximate *'X'’ form on house top, open
lot.or anywhere such spanscan be conven-
iently found.

Kit includes 4 antenna and insulators, 4
stand-off insulators, lead-in insulator tube
and 50-ft. of weather-proof lead-in cable.

(MURDO SILVER

2900-G SOUTH MICHIGAN AVENUE, CHICAGO,

Plcase Say That You Saw It in RADIO-CRAFT
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ing our Condensers for W ireless work,
for voltages up 10 30,000. They have been
eceiving repeat orders from British, Colonial
sers in ali parts of the world-

Over a year ago Wwe began apply
4 wye have now supplied a {arge number
4 to very severe tests, and we are T
Goverinenis, and from other jarge u

. o~
S RS § XL ()

riecte

have proved, that Dubilicer condensers are more
y others; that they occupyY not more than one-tenth of the space

nd are about one-tenth the weight of other high~-tension condensers that they

-1 no more than other good condensers that they cannot  be surpassed for
W Lability s that they are practically unbreakable; that there are no losses due to
..k discharge of leakage : that hysteresis iS reduced to 2 minimum | that desired
upplied true to within 1 per cent-: that the eificiened of wircless

¢d by the installation of Dubilier Condensers, and therefore

Wwe claint, and tests

Jpicient than an

apacitics  are 5
Synons iy increas

The Sending Radius 18 Greatly Increased.
F X

g

e - E“g‘:) Working Voltage . 13,000 Working Voltage - 20000 Capaeity _ - O
» 00’:'\ Bj““ﬁ‘"‘ o . 42000 Breakdown . 50,000 | Breakdown Voltage 3,00
4 k. Capacity - L OIO M. Capacity .. 003 AP, Dimensions, 105X 8X2CM

ons. 18 1532 B3E Dimensions, 16X 139X 9C Dimensions,135x85x85C

SEND YOUR ENQUIRIES:. All Condensers Guaranis

and are returnable if they do not give en

THE DUBILIER

_ N ,
ADVERTISEMENT APPEARED IN 1910
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gineering tongues
Yor it was Dubilier who jnvented
days, the first mica
of things to
d — years

The name DUBILIER was on en

in a dozen lands.

and produced, in
— with

those early
a vision perhaps
jntervene
wireless contraption b

Dubilier pioneer

of the world’s major jndustries,
. io jn 1938, as in 1910, the

Corne“-Dubilier for condensers:
anteed.

as then—all condensers aré fully guar
CATALOG SENT ON REQUEST
Write to 1014 Hamilton Blvd. So- Plainfie

condenser
come. In all the 28 years that

that saw @ strange

ecome one

world looks to

Now

1d, N.J-

Pleage Sa
y That You S
aw It in Rap10-C
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in electrical

instruments

T
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g
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will identify e “

YOUR STORE "5 =7

with dependable = equipment
Service and Products

¢ o romplete chack-up on sny
» « and cout ol sersice—low the
tecaves probt 1w the deater.

TTTHEEAACT SBOT

WESTON FLECTRICAL INSTRUMENT CORPORATION

25 Meviun Ascnue, Newark, N, J

——

THESE ADVERTISEMENTS APPEARED IN 1888 AND 1925

MARCH,

1938
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n

WESTON
MODEL 775 SERVISET
nplete tester . . . really port-

mntains all the features of
£2 Analyzer and 773

No matter what type of test equipment is needed, radio servicemen
know that when they buy WEsTON they get the sound engineering, the
added dependability, which comes from a half-century experience in
building better instruments. Send for literature on the complete line.
Waeston Electrical Instrument Corp., 599 Frelinghuysen Ave.,Newark, N. J.

WE STON Radio Instruments

Please Say That You Saw It in RADIO-CRAFT
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Do Amateurs Realize the Wireless
Opportunities that Await Them?

How the President of the National Radio Institute
Answered this Question When It Was Put Up to Him.
What Would You Have Said? Is the World’s Fastest-
Growing Field Actually Going to Slip Away From
Those Best Able to Cash In Big On It? These Are
Questions Which Will Interest Every Radio Amateur.

put up to me by a w cll known .mthout)

\Nlmg Washington. “In your opinion,
e said, “do amateurs realize lllu wireless
opportunitics that await them*” For o mo-
ment [ owas stumped! Then | oreplied, “Yes,
with just one ‘but’. I think that amateurs
are well aware of the tremendous expiision
af wireless that is daily going on. They real-
ize that it is sweeping the world like wild-
fire. BUT | do not think that they realize
what this means to them—they do not realize
that they can casily get the “plums’ that the
ficld offers. They “have the jump' on cvery-
one else, and they should realize now that

r I YHAT was one of the questions recently

‘the fastest-growing field in the world’ be-
sides heing a fascinating hobby is a wonder-
jul, apportunity-filled ficld offering splendid
present advantages—and growing so rapidly
that the future is beyond estimation!”

I wonder if many amateurs have ever con-
sidered the fact that what is to them a
fascinating hobby is also a fascinating pro-
fession, filled with big opportumities that they
can casily share whenever they are ready
to do so. [t's only a short step for them now
to a splendid lield that they can put their
hearts into—and offering o bigger future
than old businesses which are overcrowded.

Big Opportunities Are Knocking—
Are Some of Us Saying “Please Go 'Way

After the caller who started me thinking about
this matter had left. | jotted down on tmy pad ~ome
of the items which 1 had recently noted regarding
i ssoexpansion. On land and on sea big oppor-
are opening, and even greater uses for wire-

< are being found every day. No doubt yeu too
h-nc read lhu( items, but 1 am goiny to have them
printed here because | want to impress upon you
what thix tremendous expansion can mean to you.

When [ read every day how wireless expansion
1~ sweeping over the world T often say to myself,
“Rig opportunities arc knocking—I| wonder if ama-
teurs realize that they can cash in big on this grow-
ing field, While opportunitics knock. | wonder if
some aren't saying., ‘Please w0 ‘way and let me
sleep”.” Of course. they aren’t sleeping by any
means, but 1 want aff of them to know just low
¢ it is to fully qualify for a field which is un-
(k bly filled with greater advantages than most
others in the world today.

Easy to Qualify
In Spare Time — at Home

T want to tell you—without obligation to yourself
in any way more about wireless opportunitie: and
how you ean take advantage of them. | would like to
tell you about our Institute. This National Radin
Institute was the nnmunl and is today the uldul
and largest school in America teaching wirel
mail. The government allows our gr.ulunt&'s fwe to

ten points eredit when 1aking First Grade G rern-
ment license examinations. We h.ne wraduates in
almost every part of the world who have quickly

qyualified through the special method through which

and Let Me Sleep?”’

we make Wircless amazingly easy for anyone to
learn completely at home in spare time.

These are some of the main points about this
Institute and | am sorry [ haven't room to tell you
all of them. [ should like to tell you more about
our wonderful new methods of teaching. about our
remackable new invention. the * ‘Natronieter.” which
cach student gets and which almost cuts in half the
time necessary to learn Wireless thoroughly. Then
too I'd like to tell you about our Diploma. eur Relay
gue, Fmplonuem Service, nml about our ~|>u:1.|l
easy-payment plan. But there is not cnoungh room
here to tell you about all these things so 1 am
woing to ask you to write me for a new mlcresllnu
booklet we have gotten up.

Write Me For Booklet

A little coupon is heing put here so that you can
save \ounelf trouble in sending for this illustrated
booklct, “Wircless. the Opportunity of Today." By
nl-’lllllll! this coupon you \u“ not be nbhu.mng your-
self in any way and no solicitor will call upon you,
But the coupon il bring you some mighty interest.
ing facts about Wireless Opportunities and about
how you can quickly and ily qualify for them—
at home and in your spare time,

Won't you mail this little coupon at once?
Whether you are a junior Radin Amateur and want
to learn all about  Wircless or  whether you are
anxious to fully qualify so as to enter the ‘wireless
profession now in one of the fine opportunities

open on Jand or on sea -write me for
this hooklet. All that I ask is that you

write as soon as possible.  And -since

resees MAIL THIS COUPON TODAY sa=sas there is no ubhg.ll'lon—why not write
8 Mr. James E. Smith, President, : me today!
[ ] National Radio Institute, H
] Dept. 16, Washington, . C. H ) .
} Send me your FREE book. “Wircless. the Opportunity g P. S By the way. we are making a
boof Today.” Tell me about your Institute and yous g special short-time offer. for a strictly
: ~pecial short-time offer. M limited time, in which we are giving ail

1 new students our complete new course
: Name 8 in Wireless  Telephony FREE.  Mail
1 X 1 the coupon direct to me. today. and let
H Age Occupation : me tell you about it by return mail.
U Address [} o . 0
1 1 Mr. James E. Smith, President, The
: City State 1 National Radio Institute, Dept. 16,
e E s nerre o mm s  Washington, D. C.

Mr. James
15 Swmith,
President,
National Radio
Tustitute.

What I Jotted Down

Here are the dtems 1 jotted doten on my pod.
showing howe Wireless is yrowing by leaps and
bounds all over the wcorld. Let me tell you wohat
this world-zwide  swceep of icireless  cxpansion
means to you and to your future,

A $20.000,000 American corporation has heen formed
is) )

to est ss stations In evety part of the globe,
The Merehant Marine operates thousands of
vessels. Wireless is now a neee ¥ an ships,

The Chleago Fribune now receives foreign news by
wircless, Other papers are ealling upon Wireless too.
Huge wircless siations are springing wp all over the
world. Saint Assise, Franee; Bordeaux, Ville Juif. and
Lyons. France l'('klllh. China; Geneva,  Switzerland:
Rhanghai, Chi Fiji lslands; Warsaw, Poland—and
these are bt a tew,
Many railroads are ealling upon wireless to dispatei
trains and canly on connmunication. The ckawanna.
'I'Iu' Louisville & Nashiille. The Canadian-1'acitie. The
ille, Chattanooga & St. Louls, ale sone of them
Cleveland,  Chicago and  Detroit are
« 1y wireless servie
Criminals are being intercepted by wireless through
the ol Departinent of New York., Dallus, ¢hicago.
and other civies,
Brokers.  ankers,

Merehants,  Manufaciurers  and
other business concerns are calling upon wireless. Joln
Waunamaker, Goxlyear Rubher Co., Stamdard OI1 o,
New York Ntoek Exchange. are only a few,

mers e petting Market and  Weather repmis
daily by wireless in all sections of the eountry.

New wireless stations are springing up in every mm
of Amerf Belfast, Maine: Cape \Iu) N
Pitishurgh, Pa.; San Franciseo, (al.; Teler

ashington s Mohile, Mubama

N
theso are

The .\erlnl Mail Serviee of the 1'ost Office Department
alteady has 12 radio stations in operation,

‘The Japanese are constructing a powerful station In
the Orient,

A big new wireless serviee is being established be
l\\q-en England ard France.
rderal Telegraph ‘o, is establishing a com
plru- chain of siations on the Pacific Caast,

Messages are sent from the PPhilippine
kton (10,000 miles) in 3 minntes.
wireless serviee hvl\\m-n the 1'nited States and

St. Johns, New  Founel

Islands 10

Japan
land, operating
Danzig. in
operations.
Three Aremendous  stutions
Ishand  at  Easthampton, Dort
Morirhes.
South
stalions at  Rio de Janeiro,
and Montesideo,
One  single Ameriean eoncern offers wireless eom
munieation between  the  United  States and  Franee
Fi

wireless

is -lll)lll" on large

are operating on
Jefferson,  and

America is planning fo establish a ehain of
Asuneion,  Buenos  Vires

gland,  Germany, Norway, Denmark. Sweden, Fin
Tand, Poland, Honoluln and Japan.

only a fewe of the cxamples
showeing hose relirss  expansion s spreading
over the wehole carth. N brivgs you ‘
opportunitics  and  you can now cds
them

And these are

THIS ADVERTISEMENT APPEARED IN 1921
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NOW IT PAYS ME GOOD MONEY

| will train you to CASH IN ON RADIO’S
Il time OPPORTUNITIES

spare fime and fu

MANY RADIO EXPERTS MAKE
$30, $50, $75 A WEEK

Iro vou want to make more money? The world-wlde use
ot Radio has made many opportunities for you to have
a spare time or full time Rudio service business of your
eown. Three of every four homes in the United States
have Radio sets which regularly require repairs, serv-
icing. new tubes, cte. Many sets are old and will soon
be replaced by new medels. 1 will tradn you at home i
your spare time to sell, imstall, serviee, all types of
Hao sets—to start your own Radio busimess and bwild
i1 1w on naney you make in your »pare time while
lrarring. Mail coupon for my 64-page book. It's Free—
i. shows what 1 have done for others.

Get Ready Now for Your Own Radio Business
and fer Jobs Like These

Radio broadcasting statlong employ engineers, operators,
s:atfon manazers and pay ip to $5,000 a year, Npare
time Radio set servicing puvs as much a- $200 to $300
a yemr—full time servicing jobs pay as much as $30,
£30, $75 a week. Mary Rucdio Experts own und operate
their own ful’ time or part time Radio sales and senice
usinesses. HKadio meanufacturers and jobbers employ
testers, inspectors, foremen, chyineers, servicemen, pay-
19 up to $6,000 a year. Radio operators on ships get
200d pay alid see the world besides. Automobile, poNce,
wviation, comamereial Radio, and loud speaker systems
are newer tiekls offering good opportunities: now and for
the future. Television promises many good jobs seon.
Men 1 have tiained are kolding good jobs in these
brarches of Radjo.

[ GET MY LESSON ON
SUPERHETERODYNE PRINCIPLES FREE

I 1 will send you my 38-page T.esson *‘Broadeast,
ANl-\Wave and Television Superheterodyne Re
cefver Principles” absclutely Free, to prove to
you that my Course is praetieal, helpful, com-
plete. This fascinating lesson contains an anal-
vsis of the superiority of the superketerodyne
over other circuits; separate sections which cover
the action of preseleetors, oseillators. mixer
und detector circuits, pentagrid converter eir-
cuits, tracking, shielding, padding, all-wave
receivers, LF. amplifiers, special hroad-
band 1.F. channels for Television reception, ete.
You cun get thfs Lesson absolutely free simply
by mailing the Ceupon now.

MARCH,

1938

Many Make $5, 510, $15 a Week Extra
in Spare Time While Learning

Almost every nelghborhood neetds a good spare time
serviceman. day you enrail | start sending you
Extra Money Job Sheets. They show you how to do
Radio repair jobs. how 1o eash in quickly. Tlroughout
your training 1 send you plans and ideas that have made
gomt spare time money—from $200 to $500 a year—for
hundgreds of fellows. 1 send you special Radio equipment
and show you low te conduct experiments and build
ciremlts whieh illustrate import:mt Radio Principles. My
Trakning gives you I'RACTICAML EXP’ERIENCE while
learning.
| Give You aProfessional Servicing Instrument
llers is the imstrument g S
ciery Radio expert W
needs  and  vants—a
All-Wave, All-I'urpose
Set  Servieing Instru
memss. It contains every-

ing neeessary (o
e osute A and DLCL
voltis and eurrent;
test  tubes, resistance;
adjust and alizn any set, old or
new. it satishes your oveels for profes
sional servicing after you gradwate—can help you make
extra money servicing sets white training.

529

4. E. SMITH, President
National Radio Institute
Established 1914
The man who has directed
the home study training
of mure men ior the Rudio

Industry thar
man in America.

rd

.~
Find Out What Radio Otfers You—
Get My 64-Page Book Free

Act Today. Mail the coupon now for my Free Lesson and
my book ‘‘Rich Rewsirds in Radio.” Both are free to
anyone over l6 years old. My book peints out Radio’s
spare time ard full time opportunities and those coming
in Televigion; tells about my ‘Trainlmg in Radio and
Television: shows you letbers from men 1 have trained.
telling what they are doing and earning; shows you my
.\lomy-buc{Axr(-emem. Find out what Radio offers YOU'!
MAIL THE (OUPON in an envelope, or paste iL on a
benny postcard—NOW'!

J. E. SMITH, President
National Radio Institute, Dept. 8CX
Washington, D. C.

MAIL FOR 64-PAGE BOOK FREE

J. E, SMITH, President, Dept. 8CX

National Radio Institute, Washington, D. C.

Dear. Mr. Smith: Without oblization, send me free the Sample
Lesson and your 64-page Book *'Rich Rewards in Radio,” telling
about spare time and full time Radio opportunities, and

how I can train for them at home in spare time. (Please

write plainly).

NAME .. ..., ............ 5B0aa0 00000aa . AGE.

ADDRESS s 0600090050 806008 P

(8§18 (NS hbaaaaBaaaa0ad00a000 .STATE
23FR-2

L-------------------.------'

Please Say That You Saw It in RaAD10-CRAFT
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MANY OPPORTUNITIES
FOR THE

COYNE TRAINED

RADIOuMAN © ™ =

Are You Ready fora Better Job-More Pay? Q\

for MARCH, 1938 531

Don’t be an untrained man. Let me show you how to get your start
in Radio — a fast growing, live money-making industry.

Prepare for jobs as Assembler, Inspector and Tester—Radio Sales or
Service and Installation Work—Broadcasting Station Operator—Wire-
less Operator on a Ship or Airplane or Sound Work — HUNDREDS
OF OPPORTUNITIES for a real future in radio!

12 Weeks of Shop Training

We don’t teach by book study. We train you on a great outlay of Radio, Television
and Sound equipment—on scores of modern Radio Receivers, actual Broadcasting
equipment, Television apparatus and Sound Reproduction equipment, Code and
Telegraph equipment, etc. You don’t need advanced education or previous experience.
We give you — RIGHT HERE IN THE COYNE SHOPS — the actual practice and
experience you’ll need for your start in this great field. And because we cut out ail
useless theory and only give that whick is necessary you get a practical training in 12
weeks. Mail coupon for all facts about my school and training methods.

TELEVISION =»sPUBLIC ADDRESS

Television is sure to come as a commercial industry. Rapid progress is now being made in
developing this new field. It will offer opportunities to the man who is trained in Radio. Here at
Coyne you learn Television principles, and work on actual Television equipment. Public Address
Systems offer opportunities to the Trained Radio Man. Here is a great new Radio field which
is rapidly expanding. Prepare NOW for these wonderful opportunities! Learn Radio Sound
Work at COYNE on actual Sound Reproduction equipment. Not a home study course.

SEND FOR DETAILS OF MY ELECTRIC REFRIGERATION

“PAY AFTER aurowdmororionie vom
GRADUATION" PLAN

Instruction now included at no extra cost. Here is your opportunity
Mail the Coupon below and I’ll tell you about my “Pay After

to learn these valuable allied lines without extra tuition charge.
Graduation” Plan which has enabled hundreds of others to get

PART TIME EMPLOYMENT TO
Coyne training with very little money. On this plan you can get

your training first, then take 18 months to complete your small
monthly tuition payments starting 5 months after you begin
training. Not a home study course.

Mail the coupon for all details of this ““Tuition Payment Plan.”

PRACTICAL WORK

at COYNE in Chicago

ACTUAL, PRACTICAL WORK. Youbuild and service radio sets.
You get training on real Broadcasting equipment. You construct
Television Receiving Sets and actually transmit your own Tele-
vision images over our Television equipment. You work on real
Sound equipment. You learn Wireless 8pemting on Actual Code
Practice apparatus. We don’t waste time on useless theory. We
give you the practical training you'll need for your start in Radio
—in 12 short weeks. If you desire code, this requires additional
time for which there is no extra charge.

Mail Coupon Today for All the Facts
H. C. LEWIS, Pres. RADIO DIVISION Founded 1899

Coyne Electrical School
500 S. Paulina St., Dept. 38-8H, Chicago,lil.

HELP YOU “EARN WHILE LEARNING”

If you are short of money and need part time employment to help
pay for your room and board while
training, my Employment Depart-
ment will help youget a part time job.

GET THE FACTS

8 Don’t let lack of money prevent

your sending in the Coupon. Mail

& the Coupon today and I Will send

g% you the Big FREE Coyne Book
A full of FACTS.,

LI T r r Il YTy
H.C. LEWIS: P.ros. .

Radio Division, Coyne Electrical School
500 S. Paulina St., Dept. 38-8H4, Chicago, Il

Dear Mr. Lewis:—Send me your Big Free Radio Book, and all
details of your ‘“Pay After Graduation” Plan including valuable
instruction in Electric Refrigeration, Air Conditioning and Auto-
mobile Electrical Work,

Please Say That You Saw It in Rapio-CRAFT
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Again Acclaimed

“SUPREME?"”

Another RMA Show— Another Triumph

Standing the acid test of daily actual use in the hands
of thousands of radio engineers and service men the
country over, meeting every service requirement in a
constantly changing field, the

SUPREME

| Radio Diagnometer |
MODEL - 400 - B

remains
UNAPPROACHED! UNCHALLENGED!

radio man who does not care to carry
spare parts, tubes, etc., in same unit.

-—except for the addition of

And Now!

A Revolutionary Set
Analyzer

25 Testing Instruments in 1

SUPREME
SET

ANALYZER
MODEL 90

P s N O S
ss. Size B i ight
6 pounds. /xllzg pPping weig|

$78.50

Responding to d 'd for a simple, yet
more flexible and complete set analyzer,
the ‘Supreme’’ Model 90 SET ANALYZER
is offered to the Radio service world.

ified to only one meter of unique
d’o;sign never be%‘ore‘ nbv:il.ble in gny but
the most expensive laborato pment,
it measures both A. C. and 3. E. voltages
up to 900 volts, and currents up to
milliamperes, and provides many readings
and tests never before ntteme with any
other similar instrument. ou owe it to
yourself to compare ‘‘Supreme’ advan-
tages with any other set analyzer you
may be considering!

UNCHANGED!

Pentode Testing to its almost
limitless servicing functionst

’ {Again the SUPREME DIAGNOMETER MODEL
400-B at the RMA Show was readily conceded by engi-
neers from all parts of the globe to be the unrivalled
ieader in the field of radio service instruments. Radio
dealers, manufacturers, technicians and service men,
in ever-increasing numbers are demanding the
SUPREME DIAGNOMETER because:

1 Its unique design is outstanding a guarantee against
® obsolescence.

2 Its rugged construction prevents break-down insuring
® accurate operation at all times.

3 It is the one service instrument capable of making every
* necessary test—none other so complete.

It pays for itself in a few months—faster and more ac-
® curate servicing means greater profits.

5 It provides maximum efficiency with utmost simplicity
® —pictorial disgrams of every test supplied with each
instrument.

It creates satisfied customers-—provides a laboratory
* method for the solution of every service problem.

N

It provides the frutest amount of test equipment in
the least possible space at the lowest cost per service
unit—The service units contained in the Supreme
Diagnometer, if purchased separately, would cost manv
times its price.

artment outstandin
R'lodernize with the SU-
PREME DIAGNOMETER
and watch your profits
grow.

SUPREME
INSTRUMENTS

SUPREM

Most good distributors corry the complete
Nne of Supreme products in stock, includ-
tng the Model 50 Tube Tester, Model 10
Ohmmeter, Model 17 Tube Checker, as
well as the Diagnometer,and Set Analyzer.
If yours caunot suppb you, us¢ order
coupon to the right.

CORPORATION

GREENWOOD, MISS.
Distributors in All Principal Citiese=
Service Depotsin New York,
Philadelphia, Pittsburgh,
Chicago, Kansas City,

Scattle, Toronto, San

| Testing Instruments

E Francisco.

"SUPREME BY COMPARISON®

Make your Service De- -

Su e Instruments Corp,
372 Supreme Bldg.,
Greenwood, Mississippi
Please ship Supreme Test Instrument us
checked below:
...... Model 400-B Diagnometer

Net Cash $139.50
...... Time Payment Plan—$33.50 Cush
and 8 monthly payments of $15.00 cach
...... Model 90 Set Anafyzer

Net Cash only $78.50

All prices are F. O. B. Greenwaond, Misa.
No ler’s discount.

Date Shipment desired
Signed. ..
Firm Name

State......oiaiienann 0000060666000 0604000
Please give three or more bank or trade
references and names of distribussors from
whom most purchases are made.

THIS ADVERTISEMENT APPEARED IN 1930
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FAMOUS RADIO ENGINEERS
cc/dllﬂ

STBIIMEIITS/

“I am particularly glad to see
SUPREME introduce so efficient
and reliable an instrument as the
Model 541 Set Tester—and so ex-
tremely efficient for all types of
service work.”

ford W Ifeler

Chief Engineer
THE HALLICRAFTERS, INC.

OME of America’s finest radio

4 eng_lneers T men who W(?rk I was really amazed at the excellence and flex-
daily with test instruments costing ibility of Model 551 Analyzer, considering its
thousands of dollars . . . certainly very low price. A serviceman entering a home

: with it should certainly present all the ear-
k‘now ﬁnc, 1n§trufnents. They reco,g- marks of competence and ablility.”
nize superiority in accuracy . . . 1n

quality. That’s why these same men
who use the best laboratory instru-
ments available acclaim Supreme
instruments—the instruments for
your service laboratory.

Too, Supreme instruments are
easy to own. Your parts jobbers sell
them for only a few dollars down—
balance in monthly payments—on
S. I. C. terms, the world’s easiest
installment terms!
JUST OFF THE PRESS!
FREE llustrated 1938 Catalog. Write for It!

M&\xm&o ]\\\M&

President
McMURDO SILVER CORP.

X

“I have found Model 570 Signal Generator
meets all requirements to an excellent degree,
and I can well recommend it to those contem-
plating the purchase of such an instrument.”

(Lot okactd”

Directing Engineer
RADIO TRAINING ASS’N. OF AMERICA

IJP EM INSTRUMENTS CORP.

= GREENWOOD, MISSISSIPPI -+ U. S. A.
Export Dept.: Associated Exporters Co., 145 W. 45th St., New York City Cable Address: LOPREH, New York

FREE *‘Adequately Equipped Shop™ Certificate
Send for the free booklet explaining how
youcan qualify for a Supreme ‘‘Adequately
Equipped Shop’’ Certificate.

Please Say That You Saw It in Rap1o-CRAFT
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W) The Gnswer to the Question~

"HOW GOOD CAN A RADIO
TUBE REALLY BE MADE ?

SYLVANIA tubes are not made simply to sell but, first of

all to perform. If you have had experience with tubes
of questionable quality, this simple statement of a fact will go
far in accounting to you for the big difference in quality of
tone, sensitivity and volume that you will notice immediately
you install Sylvanias in your receiving set.

The fundamental reason for the extra measure of perform-
ance that Sylvania tubes deliver is easily understood when you
consider the attitude of the makers to their product. They
know beyond any question of doubt that the future of radio
depends on how good its equipment is made—not how cheap

Sylvania tubes are made by a close knit organization that has
been identified with the manufacture of superior quality elec-
trical products for many years. You are invited to investigate
its responsibility through any of the commercial agencies.

To demonstrate to yourself how good a radio tube really can
be made, compare Sylvania performance with that of any
other tube you may hold in high esteem. Both the manufac-
turers and the dealers guarantee of complete satisfaction isan
obligation that will be upheld under any and all conditions.

|

We Invite Dealers

—uwho recognize the relationship of quality
to profits to ask us about the Sylvania fran-
chise and the better business building plan.
It will be worth your while to investigate
regardless of your present connections.

Types: SO1-A, S99 Large Base, S 99 Smull Base %

¥

SYLVANIA PRODUCTS CO.

Emporium, Pa.

THIS ADVERTISEMENT APPEARED IN 1925
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When the name is Sylvania,
the answer-_now and always—
is quality

Radio since its birth has seen many changes
—improvements that have raised the indus-
try to its present high standing in the world
of business.

But the quality of Sylvania radio tubes
has never changed. For ever since the first
Sylvania tube was made—back in the days
when radio first became commercially im-
portant—Sylvania engineers have insisted
on perfection by “sct-testing” each tube be-
fore it is okayed for shipment.

This consistent quality bas shown itself
in the sales recognition which the public has
accorded Sylvania. That’s why the name
Sylvania means profits for you! Hygrade
Sylvania Corporation, Emporium, Pa.

FREE OFFER: Send to Dept. RCJ, Hygrade Sylvania
Corp., Emporium, Pa., for a free three-moath sub-
scription to Sylvania News. Don't miss this offer—

every issue of Sylvania News is full of belpful radio
information!

SYLVANIA

THE SET-TESTED RADIO TUBE

Please Say That You Saw It in Rap1o-CRAFT
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The New CROSLEY Variable Condenser

‘““Better — Costs Less’’
MODEL ¢C”

The principle of this instrument
needs no introduction Thousands
of the Crosley Model “A"” Con-
densers have {een sold with uni.
form satisfaction  The Model
“A" is conservatively rated at
0005 Mf, The new Model "C”
is conservatively rated at ,0012

While the Model “A” was made
with wood frame and laminated
wood ef)lates the new
Mod “C”  bas
ground porcelain K
plates with die cast frame. It is
as efficient a J)iepe of algparatus as
you could desire. or tuning
C.W. and for power transmission
it cannot be equalled. It is tested
on one thousand volts before
shipment. No body or hand ca-
pacity. Low resistance due to ab-
sence of spring contacts, copper
lates, brass binding sts, ete.
cVe cal] it the “sensation” of radio—''Better—
Costs Less”.

Every CROSLEY VARIABLE CONDENSER

is GUARANTEED to give absolute satisfac-
tion or money refunded.

The CROSLEY VARIABLE CCNDENSER is
now made in three styles:

Model “A” with wood frame and laminated
wood plates.

Model “B” witk wood plates and dic cast
frame.
(Both models have the same capacity—
.0005.)

Model “C” as illustrated—capacity .001—por-
celain plates, die cast frame, etc.

Prices as follows:

Without knob. With knob With knob and dial

and dial and dial mounted in cabinet
Model “A’ $1.26 $1.78 $2.50
Model ‘B 1.78 2.25 3.00
Model ‘‘C” .25 2.75 3.50

Crosley Cabinets

We build a
full line of
cabinets i n
gum, ma-
hogany o r
quar tered
oak and fur-
nish them
with genuine
formica_ pan.
els.  Prices
on cabinets

range _from
0085000000 dO0O00E000E0000 $2.50 to $10.50

Crosley Variometer
Parts

Consists of two stators, one rotor, the neces.

sary hardware as shown in illustration. Shaft
for knob and dial is 8/16” diameter. The
wood parts are furnished cither in poplar or
mahogany. Price of Variometer parts, using
poplar wood, $1.60. If wood parts are mrade
of mahogany .......cccceeiiiiinnen ... 3178

Crosley Vario-
2 Couplers

Consists of formica
tube, rotor and brass
hardware. Price, com-
plete as shown in illus-
tration not wound or
1Y yembied, $1.50, Stator
only .ocovreeanes 40¢

Crosley Detector Units

- ET o

N

Furnished completely wired and mounted as
shown in illustration or in knocked down
form, Price completely assembled $7.50. Price
of all parts including formica or other pamel
of high grade dielectric composition, not
drilled ...ccio0ieeeecciionannens ceees. 36,00

Crosley Rheostats

Complete with knob, point-
ers, etc., as shown im il-

& lustration.
E Model *“A”—overall
g . diameter 13%”. Re-

sistance 7 ohms, one
ampere without heat.
ing. Price vee...600

Model
ohms,
heating.

“B"—--Resistance 4
8 amperes without
Price ......$1.25

CROSLEY
V-T Socket -- 60c.

¢ Better -- Costs Less’’

The biggest
selling  socket

on the market.

Practically un.
breakable. For
either base or

panel mount

ing. Made of
one piece por-
celain. no met-
al shell, hence
no ground
hum. Better—
and costs only

Harko Radio Receiver

The most
compact and
complete ef-
ficient crystal
receiving
outfit on the
market Will
tune from
200 to 600
meters bring.
ing in spark,
voice and
music with
amateur antenna. A wonderful little instru.
ment, Price complete with battery, etc., $9.00,
One thousand ohm single head set, 125 feet
antenna wire rcgulators, etc., $6.00 extra.
Complete outfit ............. BOBO006G .$15.00

Harko Senior Radio

Receiver

Complete tuner and audion detector assembled
on a formica or other high grade dielectric
panel, d pl in hogany finish
cabinet. Range, 150 to 600 meters, non-.regen-
ative hook-up. Price without battery, tube
Or phomnes .. .oveeeccercnnectosencan . $18.00

Crosley Two Step
Amplifier

Complete with amplifying transformers, sockets,
rheostats, switch,- binding posts, etc., mounted

on formica panel in mahogany finished cabi-
net. Price complete as shown in illustra.
tion ....v00enn "5 600101009 0 00se/0 6 810 srossrssnis SRVYD

Every article guar d ¢

1 2o f

ve ab tion or money

refunded.
and order direct,

0 gt
If your dealer can’t supply you, send us his name

Dealers and Distributors. Every item shown above should be
in your stock. Write for proposition,

CROSLEY MFG. CO. Radio Dept. R-7  CINCINNATI, O.

THIS ADVERTISEMENT APPEARED IN 1922

1938
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AS EASY TO TUNE
AS SOUNDING YOUR HORN s &

Mew/ CROSLEY
SAFETY-TUNE

1. Highest signal to noise
ratio in any 5 tube radio.

2. Full size, full wave, vi-
brator transformer for
long life.

3. 5 Octal base tubes in
standard circuit.

4. Antenna system de-
signed to compensate
for ary type antenna.

5. Fully equipped with dis-
tributor compressor and
generator condenser.

6. Easy to read, edge-
lighted, slide rule type
dial.

7. Ful automatic volume

The lowest priced push-button tuning ;
control.

autormobile radio

8. Low battery drain.
FIVER ROAMIO 9. Sufficient volume to be heard at any speed

The famous Crosley Flver Roamio with
conventiona! tuping is also availabie at

£19.99

10. Single unit, easily and quickly instaled.
in any car.

(Prices \hghl‘lly higher in South

Wist.) Last year Crosley startled the radio world with the most sensational value
in the automobile radio field—a set selling for less than $20 . . . and car
radio sales skyrocketed to a new high. Now Crosley again scoops the
industry with another record-breaking sales-leader- the Safety-Tune Fiver
Iloamio with automatic push-button tuning for only $24.95! Your favorite
stations can be pre-selected and the push—l)uttons set in a few minutes .

and the safety-tuning mechanism is instantaneous. Here is the best in
car radio reception and tuning at a price that every car owner can afford
to pay. See and hear The Crosley Safety-Tune Fiver Roamio at your nearest
Crosley dealer today. Have him install it in your car while you wait.

THE CROSLEY RADIO CORPORATION - CINCINNATI

POWEL CROSLEY. Jr.. Pres. Home of “the Nation’s Station"’=WLW<-500,000 watts=70 on your dial

YOURE THERE with A ¢CROSLEY

Please Say That You Saw It in RADIO-CRAFT
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Buy Reliable Radio Apparatus

ORDER DIRECT FROM THIS PAGE

Wn‘eless Transformers
Thordarson Type R

For use on 108 to 113-
volt alternating current,
60 cycles. Generally ac-
cepted as the siandard
transformer for amateur
transmitting. Provided
with adjustable magnetic
leakage gap which con-
trols primary input
glving & wide range of
amperage and  permit-
ting easy adjustment 1o
point of resonance. No
impedance or choke cofl

necessary in primary
circuit. Ship. wt, 35 and
55 lbs.
Art. No. K.V, A, Amp. Sec, Volt Prica
63R630 % 1 to & 10,000 $21.00
63R632 1 2% to 14 25,000 38.00

Thordarson Type R. S. Transformer
This type differs from the well known model shown
above only in that it does nol hase the adjus'able
magnetic shunt. All other features of sturdy. com-

part constiuction and _correct electrical eharacter-

istics are the same. For use on 105 to 120 volt
60 ~ycle alternating current.

Art. No. K. V, A, Ber, Voits Ship. wt. Price

63R633 ¥ 3.000 15 lbs, $10 00

63R634 % 10,000 25  lbs. 19 00

15,000 35 1lbs. 28.50

Kick Back Preventer

63R5358—Prevents  high

frequenc{ surges from

discharging back into

power line. A necessity

when power transformer

is supplied from city

mains. Tt\o 1000-ohm  resistance rods. Mahogany

fintshed base Connectlons of 'lrip copper
Ship. wt, 4 1lbs, Price $4 80
Variable Transmitting Condenser—
Oil Immersed
63R820—¢n ol immem? nrllbl?
of

volts. Phenol fibre dlelectrlc, corru-
gated aluminum separators allow
circulation _of oll to keep down
heating. _Flat aluminum sheet elec
trodes with rounded corners. Varia-
ble in ten steps of . 0 9 M. F. each
from .0018 M. F. 009 M. F
Bapechlly deaigned w prevent cor-
ona losse ‘brush discharge.
011 lncluded Shp wt,,

35 1bs. Price..... $2 .00

Witeless Spark Coils

For use on_ dry cells or storage
batterles. Properly adjusied the
half- inch coll hns a sending ranre
of from 2 10 5 miles, the one-inch
coll 5 to 10 miles. Ship, wt,

53%5?26"’" Half inch
— a ne
cOllns e "$3.65
63R5I27—l ‘Inch " coll... 5.95%

wide.

Combined Detector and Two Stage Amplifier

This instrument with the proper accessory instru-
ments has the broadest possible range.
is it that even with an
loop antenna 63R650 messzges may be received from
stations hundreds of miles distant,
our Regenerative set and two variable condensers and
the proper couplers and loaders with a goed outdocr
aerial, its range is increased to equal the best com-
mercial stations.
fier circuits.
in detector circuit, two amplification transformers,
three jacks and one
may be used.
High grade weathered oak finish cabinet with
hinged top making interior easily accessible.
ing post
Binding posts black oxidized finish.
teries or phones included.
63R615—Price

So_sensitive
indcor aerial such as our

Combined with

Has one detector and two ampli.
Standard tube sockets, grid condenser

plug so that any desired circuit
Bakelite parnel 7% in, high, 834 in.

Bind-
connections for batteries and couplers.
No tubes, bat-
Shipping weight, 18 lbs,
500000000000000060000000 0000k Xt

Commercxal Type Oscillation
$16.50 Transformer
Zarts

63R648—Designed to glvo
wave ranges both above and
below 200 meters  Solid
copper windings on “‘For-
mica™ supports 10% in,
diam, prlmary of six turns
No. 3 wire 6% in. diam.,

secondary of twelve tums
.\o 5 wire. Mahogany fin-
ished woodwork. Two helix
clips included.  Ship. wt.,

pounds.  Price.. SIS.SO

63R8155—Permits aharp
tuning on 200 meter wave,
Can be used on sets up 'o
1 K. W. Primary and
-Secondary Mndlnzs of edge-
wise wound é)per ribboa.

Coupling varled by hlnze
Shipping  welsht, 8 _Ihs.
Price .......

Universal Spark Gap Motor

63R5624—A rugged high grade mo-
tor for spark gaps. running sewing
machines, fans, small lathes, buf-
fers, emery wheels, etc
idle will make 8,000 R.
make about 4,500 R 5
electrode shown below. Will
erate on 100-125-v0it A. C. or D,
currenl. Black  enamel finish.
Helght, over all, 5% in,_ % in. shaft, extends % in,
W1l develop about l/"o H. P, annlled wnh$9 50
1-in. grooved pulley. £hip. wt., 8 1

Spark Gap Electrodes

53R5525—Saw tooth rotor, 5% in.
diam.; of machined cast alumi-
num with bakelite center and
brass bushing to fit 34 -inch shaft.
Two adjustable stationary elec-
es. This set together with
universal motor listed above,
fal base

Spark Coil Transmxttmg Condenser
63R5348—Designed  for — -
use with spark coll sets.
dielectric of 5—size, 5x7
photo plates. Mahozany
Bnished’
working _on 200 meter
wave, E£hip. wt., 3 lbs, Price....

63RSII3 — A
sturdy,  well

‘‘change over*
suitable for use on
sets up to 1 K. W,
Mahogany ﬂnlah blse.
Improved su

per blades. med wilh
third blade to discon-

Zinc Spark Gap
63R3350—For wuse with
spark coll transmitters,

4 Inches. Ship. 2
pounds, Prlce...“ SI 10

Radiator
Spark Gap
&Rsasl—\llcmmeler ad-
justment.  Electrodes of
zinc. Cooling vanes alumi-
num. Metal parts nickel

Pplated. HEL] glazed

porcelain. Wil handlo

‘zml‘l-x 1 h. w. Welzht.
S.. .

on a
wijl make a high
spark gap.  Ship.
1% lbs. Price. set.

grade rotary
= $

Double Action Wireless Key

63R5356—Double action which
makes for speed. Wil im-

rove your sending and lends
indlvlduamy. Large stand-
ards, formica knob, heavy
s.lver comtacts suitable fcr
use up to 2 K. W. Mounted
on durable and heavy formica base, 1 5
parts nickel plated. Ship. wt.. 1% lbs. Price..

Standard Wireless Key
63R5332—A high grade key
made of heavy lacquered
b 5 lLat:ze lsl'?,l;denedcon-
tact points. P
wt., 1 1b. Price. 3'48

Steel Lever Keys
Shipping wt., 14 oz

= 63R1739—Leg Key with lecs to
go 1hrou.h  table or 85
desk.  Price, cach,
€3R1741 —Legless Key to screw
to 't‘op of table or delk
each ...

e

Wireless
Practice
Set
Beginners!
Learn the
Code!
Anyone
Without e,
nals, Send

must know
it is Imposaible to understand the sig-
for a wireless practice set and see how
easy it is to learn the code,
and buzzer mounted on a polished wood basa.
reproduces accurately the high pitched sounds of

learning  wireless the code,

fet consists of a key
Buzzer

wireless stations. Connect a dry battery to the bind-
ing posts on the set by means of a short plece of
wire, press the handle of the key and buzzing sound
will be produced. In a very short time your ear
will become accustomed to the various combinations
of dots and_dashes representing different letters and
numerals., Practice until you can understand the
signals at the speed sent by average stations and
have completed lhe most difficult part of wlreeu
A very good way to learn the code quick-

Improved
odel
Rotary
S‘park Gap
1

vold pmmx
\\‘hl of break

genern(edlby org-
electrode
quickly quenches spark, thereby allowing transmis-
glon of wave of low decrement.” All conducting met-

al mounted on Formica. Easily handles 40 000
volts without endangering motor windings. Con-
stant steady sneed. Ship., wi, 10 lbs. Shipped fiom

slock at Chica

263RS142— 1% h. W, size. 1/20 H.P. Universal mo-

lor. For 108 to 115-volt current. Speed 4.000
14.80

RPAM.  Price.ccciiiiiieniiiieniieieinninses..$14
263RS5143—1 K. W, size. 1/12 H.P. Universal mo-
d 5 000

tor _For 108 to 1153-volt current. Epee
PM. Price......... IRTTEN siessearesrnnens $18.98
Ground Switch
63R5359—600 volt, 100 a
ampere double throw . <]

single-pole switch _on
insulating base, For

grounding acrial when use. Ground wire
should be 4 gauge. Shlp. wL. 5 ls$3 78
PriCR.cccaiirtnrienrsersssssasnan
Ground Rod
— {

€3R1061—1ron Ground Rod; length, 6 ft. Heavily
galvanized. A ground rod I3 necessary with every
Radio outfit to instre : perfect ground con- 430
tact.  Shipning welght, Ibs, Price each...

Iy i3 to place mo of these sets in separate rooms
with an opentor at each set and practice sending sig-
nals back and forth. Chart included with each set.
Base size, 7x4% inches. Shipping welght, 3 pounrds,
63R1750-~Wireless practice set,

Standard Type
Transformer

Operates only when con=
nected onto alternating cur-
rent line of 100 t» 125 volts,
60 to 133 cycles, 100 watt
Transformer produces 13 to
24 ,volts, 150 watt 1% to 0
voits In steps of 1} volts
each, and in addition can

produce constant voltag»s, 0
that a numbcr of different voltages can be drawn
at the same time. Fitted with 7 ft. cord and at-

1aching plug.
€ 100 watts, Shlv. wt..$4 35

3R1697—C. lplclty,
10 pounds,

150 ‘watts.  Shis wt
13 pounds. Price.. D $5 95

63R1 699——(‘apaclty,
American Ignitor
Dry Cell

Wo xulnnlee that these batteries wi'l

signed especially for heavy duty work.
For ignitlon work on gas engines, auto-
mobiles, motor boats, e(c Avenge weight,

2 pounds. €ize. 2% b inches. Averago
's's"é‘z" amperage, 25 to 30 amperes.

Prica 37¢
3R2502—-Prl .$4 30

CHICAGO, ILL.

omey Wadje:

ST. PAUL, MINN. KANSAS CITY, MO.
Send Your Order to House Nearest You
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APRIL RADIO-CRAFT
The annual SPECIAL ELECTRONICS NUMBER will con-
tain not only many articles of exceptional interest to experi-
menters and practitioners in the electronics field but also
numerous articles on other allied fields of radio; and of course,
as usual, the various monthly departments. This issue will tell
you about new developments in electronic music, test equip-
ment, sound apparatus, and radio in general. Also in April
“R.-C.” will appear an unusually informative article for the
Service Man; and another on a 10-tube all-wave receiver for
the set builder; a third on an “expressor” for Public Address
specialists; and, finally, several departments which due to
lack of space do not appear in this March issue. All these and
much more will be found in the forthcoming April issue of

Radio-Craft.
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W An Editorial by HUGO GERNSBACK

FHIEN Teinrich Hertz performed his epoch-making experiments during the l\
J

4 [ vears 1887-°88 in Frankfurt, Germany. he little dreamt what a tremendous
force he was about to loose upon humanity.

It is unfortunate that this illustrious scientist has had so little recognition,
and, indeed. the proverbial man in the strect does not even know his name. I
Most people think that Marconi is the man responsible for radio. Of course, i
Marconi is responsible for the practical application of radio, but it was Hertz
who laid the ground work; and it is a fact that he did all the research work f("l
| upon which niodern radio is based. s time goes on, we must marvel more and more at the tre- <
| mendous insight which Hertz had into radio physics, for many of the principles which he dis-
covered are being used only of late. i

““hus, for instance. short waves were first used by Hertz only to be discarded when radio
got under way, and but lately “rediscovered.” The art oi radio advanced along orthodox lines ,
the same as any other art, and the process was just as pamnful, but as regular. as in other arts.

It is always an easy matter 1o look back upon what has gone hefore. and laugh at the mistakes I

l“ which were made when we were still groping in the dark. From our elevated height in look-

! ing backwards over 50 years of radio. it would be casy to point out the mistakes. the fallacies
Lo and the blunders which were committed during the entire development stage ol the first half-
ih century of radio.
| The pity of it is that the hard work which went into the art of radio. and which contributed ’

’ so largely to its present state of development, is not recognized by most of us in this latter

l day. Many are the heroes of radio who are buried in darkness, and who have had little rec- |
i ognition, if any. Indeed, it perhaps would be pointless to give a list of the men whose illustrious I /

work made radio what it is today. in an article of this type. Ours is an impatient world which | U

” Il is not concerned with names and persounalities, but which wishes only to see the results of their l"
/

labors. This is most unfortunate, hut it has ever been thus with pioneers. and those who have
slaved and given their best to make a new art possible.
l‘ As a small monument to those who gave their cffort and best yecars to the development of
||| radio, this issue of Radio-Craft has been dedicated.
l Radio would not he what it is today without those valiant souls who stayed up night after
H night, and often wrecked their health, but who gave us and posterity present-day radio.
1t is to these unsung, uncrowned men, who deserve some recognition (even if it is only i
reading their name for the first time, as perhaps you will when perusing this JUBILEE SOUVENIR
Nuaser of Radio-Craft) that this issue is dedicated.
\\\l While it has not been possible to give as much space as we had hoped to all radio pioneers,
L \\‘

I

we believe we have included in this issue of Radio-Craft almost every radio personality whose
work has gone into modern radio. \‘ ‘

and I, for one. believe and sincerely hope that if you are at all interested in radio. you will
I find time to peruse the entire issue, if for no other purpose than to engrave on your memory
“ those names o radio men, without whom radio would not have developed into the miraculous
“ art which has become so tremendous a part of our daily lives.

And it is to those men, to their tireless ciforts, and to their work, to whom I dedicate this, [

\W the JuBILEE SovveNIk NUMsER of Radio-Craft.
W /
W g o b AL, ////////’M///////////////J///// ////
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HOW modern broadcasting grew from the experiments of a
Pennsylvania amateur, conducted shortly after the World
War, to a mammoth industry is told in the following article.

IEarEay e ranaar=arzN, H, LESSEM

a&]N ORDER TO TRACE broad-
y| casting’s growth, one must
first arrive at a definition of
the term. Do we include the
experiments of Hertz and
Loomis? Did broadcasting
commence with Marconi, de
Forest or with Conrad’s transmissions?

For the purposes of this article, a
rather definite distinction must be
drawn between bona-fide broadcasting
and the mere transmission of signals
(be they voice, music or Morse) by
wireless means,

A DEFINITION

In its exact sense, the term “broad-
casting” includes only such signals as
are sent out by means of radio waves
for general reception. A signal directed
, from one point to another in code so
) that it is unintelligible except to a cer-
Ol DM blayog 1ugg tain or restricted few, is certainly not

'JI;“:;..""; “broadcast” as the average individual

" or listener-in would define it.

His conception of “broadcasting”
L‘ would refer more specifically to speech
® or music sent out for the information,
entertainment or education of the gen-
eral public,—consequently, broadcast-
ing as America knows it today may be
said to have had its true birth early in
1907—when de Forest constructed the
o ﬁr:st means of npodu}ating an arc trans-
Soncacty Sari i e Wirsivay mitter with voice impulses and began
pooprs’ (280¢ o }‘\ % sound broadcasting from atop the 12-
BAYe wiretesyposy” €t Who /;Q,’ story Terminal Building at 42nd St.

m_';'"},,“’""’m e %ﬁ and Park Ave, in New York City.

) [ pnjh \ So successful were the results that
P4\ de Forest’s company soon received an
@ order for an installation on a private
am N, de luxe yacht, which was quickly fol-
lowed by the sale of 24 complete radio-
phone stations to the U. S. Navy for
installation on battleships. It is inter-
esting to note that the latter units were
sold with a positive guarantee of 5 miles
reliable range, although actual operat-
ing tests showed them to be consistently
good over a distance of 26 miles.

In 1908, de Forest went to France
and installed his radiophone trans-
mitter atop the Eiffel Tower, from
where he broadcast phonograph music.
Reports of this test showed that he was
heard as far as 500 miles,—a feat which
a few more modern stations could not
duplicate today.

In January 1910, the De Forest Radio
Telephone Company began a series of
broadcasts, employing actual singers
and grand opera stars to provide the

" programs. The first grand opera broad-
A Broudeadt over .02, : cast was a ‘“‘double-feature”, Pagliacci
Narord, about 192722 5 and Cavalleria Rusticana, and Caruso

faveniie™
Avenily “opa)
Stituted “::r'olnn

Duts
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sang in the latter. These efforts and the
talent were wasted, however, for it
was too soon for broadeasting. Only
amateur wireless operators had re-
ceiving sets and they were very few in
number at that time.

And so for a while broadcasting lay
dormant, until the day when it would
cateh the public’s imagination like wild-
fire and create an insatiable demand for
receivers and parts. In the interim, dur-
ing the early part of the World War to
be exact, the A. T. & T. Company was
conducting a series of tests and making
developments in wireless telephone
transmissions, for the purpose of pro-
viding facilities for long-distance tele-
phone communication without wires.
They had purchased the sole rights to
de Forest’s audion tube, perfected modu-
lation systems (the vacuum tube as an
oscillator was already discovered by
both de Forest and Armstrong), and
were finally successful in broadcasting
telephone speech clearly and reliably
over long distances. By the latter part
of 1915, telephone conversations were
broadcast across the Atlantie,—to illus-
trate how far their progress had gone.
These early researches were destined to
be the basis for future broadcast sta-
tion design,—without them, broadcast-
ing would have certainly been later in
coming to the fore.

AN INTRODUCTION—KDKA

In 1919, Dr. Frank Conrad—amateur
and Westinghouse engineer—began to
broadcast programs from his station
which was located in the garage at the
rear of his house in Pittshurgh. The pro-
grams consisted mainly of phonograph
records, but by this time so many ama-
teurs were in existence and so many
were their friends who would come over
to listen to the music, that Conrad be-
gan to receive avalanches of mail. Even
newspapers began to publicize Conrad’s
stunt, listing at times the hours of
broadecast. So great became the enthu-
siasm of nearby radio amateurs that
the advertising department of a leading
Pittsburgh department store got a
bright idea for selling some Army sur-
plus apparatus which it had on hand.
“Buy one of these World War sets,” the
ads proclaimed, “and you will be able
to hear Dr. Frank Conrad.”

Ideas breed more ideas, and when
Westinghouse officials saw the advertise-
ment, a startling idea struck them:—
“Why not build a transmitter right at
the factory?”, they thought, and pro-
ceeded to do so. By the middle of 1920,
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it had been assigned call letters, and the little shack perched
atop the 9-story factory was known as KDKA.

Then station officials got in touch with the executives of
the Pittsburgh Post, and Sun, making arrangements for the
returns of the Presidential election to be broadcast. On
November 2, 1920, the station broadcast the bulletins and
finally the news that Warren G. Harding was the country’s
newly-chosen chief exccutive.

Not recognizing a competitor which was later to cause
them untold worry, various newspapers hailed this achieve-
ment. Some 2,000 of them, in fact, were so impressed by
the performance that they commenced printing KDKA's
programs, as a matter of reader interest. In doing so, they
gave broadcasting its first foothold, which it has consistently
enlarged.

Once started, broadcasting continued to spread like living
flame, but before turning to contributions made to the art
by other stations, let us tip our hats a few more times to
KDKA. This station broadeast the first radio church service
—and think of that when you get an airful next Sunday.

When you tune-in the speeches at a banquet, recall that
KDKA was the first station to handle a broadcast of that
sort. The same also holds true for the first remote pick-up,
the first presidential inauguration, sporting event, baseball
scores, time signals, market reports, ete.

THE “A’” AND “B"” RANGES OF 360 AND
400 METERS, RESPECTIVELY

In broadcasting’s early days, stations were licensed
indiscriminately, without regard for the kilocycles and the
interference that many stations would create when crowded
together in a narrow channel. The operating frequency was
at first 360 meters or (A) range, but soon broadecasting
mushroomed from one station in 1920 to 600 stations in
1922, and the Department of Commerce was forced to include
a 400-meter channel, or (B) range for the higher-power
(and quality) stations.

At that there was considerable interference (even though

".
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this number of stations was spread out over the country)
so that at that time we find the broadcasters themselves
drifting sligktly away from their assigned frequencies to
minimize or prevent the interference which they were creat-
ing. By 1923, the broadcasting range had changed to 200
to 550 meters, and none too soon, for by 1924 a total of 1,400
broadcasting stations were in existence.

IMPORTANT CONTRIBUTIONS TO

BROADCASTING

From the standpoint of reception, a contribution of WLW'’s
is of almost equal importance, and though other develop-
ments antedate it, it merits consideration here. It was the
first remote control transmitter.

One early broadcasting peculiarity was that the trans-
mitter and studios of any station were housed in the
same building—the closer together the better. While con-
venient, it was not sound practice from the viewpoint of
either the engineering or the program departments, for if
the station were located in the heart of a city, the large
neighboring buildings absorbed miuch of the radiated energy;
if it were located anywhere else, it was hard to persuade
top-notch artists to journey to it.

Performers were unpaid in the early '20’s, and there was
scarcely a more diverting sight than a taxi-load of hilarious
and high-salaried opera stars bound for a station, elated
over the free ride. The microphone into which they sang
upon their arrival looked like an antique phonograph horn.

Returning from this digression, one must bow to the tele-
phone company rather than to the broadcasting stations
themselves for a step which may be considered to rank at
least third in importance: the development of radio program
transmission lines and, subsequently, high-frequency lines.

Standard telephone lines were at first the sole means of
carrying programs from or to remote points. As such lines
were designed to transmit only the human voice, they car-
ried only a comparatively narrow band of audio frequencies,
(Continued on page 606)
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Few, if any, receivers were sold com-
plete, even in the erystal models. You
bought the set, the headphones or
“phones” (there were no loudspeakers—
they’'re modern) and the antenna kit
separately, and hooked them together
as dictated by the instruetion sheet and
vour own conscience, with the latter pre-
dominating. The combination cost you
more than a 2-band A.C.-D.C. midget
does today, for you paid from $12.00 to
$25.00 for the set, $2.00 to $5.00 for
the antenna outfit and spent whatever
you had left for the phones—and walked
home. Phones might even cost you more
than the set itself, if you wanted “DX”,

Having a factory-built receiver was a
mark of distinction, for most people of
radio’s ’teens and early ’twenties were
graduating into radio via the oatmeal-
box route. And then when sets which
really used tubes came out—!

The early single-tube sets were, in
effect, a diode rectifier replacing the
erystal, which had been a marked ad-
vance over the coherer. Though techni-
cally “radio,” they were not what one
generally has in mind when considering
early sets. The first sets used by the average listener of today were the rather
highly-developed crystal sets, and the sets using such early 3-element tubes as the
WD11 and the UV201.

Early tube sets were only slightly more expensive than crystal sets and but
little better. Some of the crystal outfits contained a buzzer (which, plus its usual
clearly audible buzz, produces—like a local radio station—strong radio signals
or buzzes), a battery and a button, to enable the user to find a sensitive spot on the
crystal. He pressed the button and listened for the buzzes (unless you had muffled
the audible buzz, you sometimes couldn’t hear the radio buzz!) in his phones, while
he felt around on the surface of the galena crystal with the metal “cat-whisker”
(whisker-like wire) contact until he had located a sensitive spot. If some one then
walked across the room, the contact often jarred out of position, making a new
search necessary. There was quite a lot of advertising on crystal detectors with cat-
whiskers which would stay in position. Iron pyrite detectors were also favored
for that characteristic—and fixed crystals, in which a sensitive spot was located
and the cat-whisker permanently attached in position, sold for $1.00 to $2.50
each. Carborundum detectors, energized by flashlight batteries, had the same
appeal.

No jarring out of position bothered the users of the early tube sets, but they
did have te ask the family please to sit still while a distant station was being
received. Tubes were “microphonic,” and a footstep in a different part of the house
often came through the phones with a sound much like Major Bowes’ gong, only
duller. To overcome microphonics, lead caps were often placed on the tubes,
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The first tube sets were neithe;‘ senii- f'?"j i A P76 Receiver ~1913
tive nor selective. They were, for the e ——— ———r——
most part, single-circuit sets—merely a ) \Eﬁ%t@?ﬁ@, ,ﬁé)
condenser-tuned coil connected between SN DS S
antenna and ground, with its antenna
end connected to the grid of the tube
through a grid-leak and condenser; its
ground connected to the negative side of
the filament. The phones were simply

<§ »")
hooked between the tube’s plate and the > ZS(L;
“B” battery’s positive terminal. (-. . - e
Then came regeneration, bringing i o : = —] ! Y
joyous chaos in its wake. All that was | Zm ZJ &’% Eﬁ?
done was to introduce a “tickler” coil e ctnesica , Feming Yalve- | || 0

in series with the tube plate. This effec- v
tively reduced the operating resistance T

. (Peceiver aboul

of the grid circuit, permitting the tube N

to operate at far higher efficiency. How- ol |

ever, it often caused circuit oscillation. T
As a result, each set became a minia- X }

ture transmitter, sending its howls for
blocks. Radio listeners did this quite \
deliberately, for they soon learned the =%
“dead beat” method of tuning, through (7Z.4
making the set howl, then tuning the - l
receiver; the pitch of the howl 2
changed as a carrier wave was ap- (Rt
proached and the stations came in with

a sound much like “bloop” and ergo, S
the sets became known as “bloopers.” 07

Even with these regenerative sets, [

headphones were the customary adjunct, o=
though on powerful local stations, one NS5 RS '”i‘@".é =
might lay the phones on the table and = ——

hear the pregram, such as it was.

Myriad numbers of crushed and aching ears rose up and demanded a means of
listening to more remote stations with the phones on the table—so audio amplifiers
and loudspeakers began to creep timidly toward the market place. Soon you could
buy, for about the cost of your set, a 2-stage amplifier to add to it. Then you could
put your phores in a cut-glass fruit bowl and “let the whole family listen-in,” as
the ads put if. Incidentally, there were two schools of thought during this period.

One claimed that a wooden chopping bowl gave best results; the other, that cut-
glass was more brilliant,

Soon the bowl no longer cheered, and people demanded something better. It was
offered to them in the form of a cast-aluminum horn with a pair of arms over
which the phones could be clasped. The horns sold for $12.50 when they first
appeared, but soon cheaper ones, made of papier maché, came out, claiming that
they were better because they did not resonate so freely.

About this time there were also phonograph adapters. These did not permit
you to play your phonograph through your radio set; conversely they permitted
you to play your radio set through your phonograph. All the élite owned phono-
graphs in those days, and these instruments had well-engineered tone-arms and
horns. The adapters permitted the sound from the radio set’s phone unit to come
through the phonograph’s horn. If it sounded almost as well as a record, that was
fine, for the early sets were not all that might have been desired from the stand-
point of fidelity. Bass notes were almost lacking as were, of course, harmonics of
treble frequencies. Speech came through harshly; music with tinny tone. The
way one judged a set was to tune-in a piano selection and if all the notes were
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heard with approximately equal
volume, the set was eminently
satisfactory.

Other means of regeneration
were also developed, some replac-
ing the tickler tuning with ca-
pacity feed-back or a resistance
control. Another system put a
variometer in the detector plate
circuit so that it might be tuned
to high impedance, causing the
feedback to occur capacitatively
between the elements of the tube.

None the less, the Armstrong
regeneration patents were good,
and while every manufacturer
was eager to produce a regenera-
tive set, not all were legally en-
titled to do so. A few resorted to
clever methods of trying to beat
the patent. One, to cite an exam-
ple, incorporated a tickler coil in
his set, but had it short-circuited
with a heavy wire to which was
attached a large red tag caution-
ing the purchaser not to remove
the wire under any conditions, be-
cause it would make the set in-
fringe. However, it added the in-
formation that the set would give
much better reception if the wire
were removed. Some purchasers, it
is said, were able to wait until
they got home before cutting the
wire loose.

It was about that time—early
in the 1920’s—that the first all-
wave sets became popular. These
were honeycomb-coil outfits, a
popular make being the Federal.
This was a handsome 3-tube job
in a cabinet approximately 2 feet
long. The coils were on the out-
side, at the left, below them were 2
variable condenser controls and a
series-parallel switch for putting
the coils and condensers in series
or parallel. The set had a variable
grid-leak that varied with the
weather, for it was merely a pen-
cil mark between 2 contacts; a
neat nickeled cap hid it from the
public gaze when it was not being
varied manually. If changing the
switch did not extend the set’s
wavelength enough, one could
always pull out the coils and plug
in a fresh set—if one could afford
them.

Another early type of multi-
range set was the so-called Navy
model. There really were some
genuine Navy sets, left over from
the World War, and these were
readily distinguishable by their
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dials—large metal affairs with
movable pointers indicating the
calibrations on their faces. The
pointers were controlled by the
same knobs which operated tap-
switches, moving to inner or outer
arcs on the dials as the switches
were turned. Similar systems are
used to indicate the band on pres-
ent multi-range receivers.

Although sets which contained
their detectors and amplifiers in
a single cabinet were on sale,
those which came as separate
units persisted for some years.
As late as 1926 such dual-unit
sets were on sale, though they
were being retailed through outlet
stores at bargain prices.

All during this early period, re-
ceivers were battery-operated.
The batteries were identified as
filament or “A” batteries and
plate or “B” batteries. Separate
batteries to provide grid potential
were not yet in use; such “C”
batteries made their appearance
during the middle 1920’s and
promptly won the public heart, not
so much because they decreased
distortion in the audio stages, but
because they cut down plate cur-
rent, making the “B” batteries
last longer.

Costly as tubes were (some
standard receiving tubes were
$6.50 each; others, $9.00, and
scarce to boot—during “the war”
you paid a premium, besides, and
liked it!) batteries were by no
means the smallest expense which
the set owner had to undergo.

Two types of filament or “A”
batteries were in general use;
standard No. 6 drycells for the
1.5-volt tubes of the WD11 type,
6-volt storage batteries for the
type 201 tubes. Such storage bat-
teries cost from $15.00 to $40.00,
depending upon their quality and
ampere-hour capacity. While
many listeners used regular auto-
mobile batteries, which were some-
what cheaper, a good dealer could
usually sell a special radio “A”
battery instead, as it had thinner,
more numerous plates. This was
said to give it longer life and
more even current flow.

While the larger ampere-hour-
capacity batteries cost more than
the lesser ones, they were an econ-
omy in the long run, as they re-
quired less frequent charging—
and charging cost a dollar a shot
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in most localities, with an addi-
tional 25c¢ (per day) sometimes
added for a rental battery for use
during the charging period. Many
listeners  bought their own
chargers at prices averaging
around $18.560 and considered this
an economy,

There were also trickle
chargers, so called because of
their low current output. These
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‘ted through an ingeni-
ous switching system so that the
battery was always on charge
while the set was switched off.
They were really the beginning
of the “A” ecliminator, which in
its first form consisted merely of
a battery across a reduced-voltage
line, to act as a high-capacity
electrolytic filter condenser.

Later the highly-filtered “A”
eliminator came into being, but
the “B” eliminator, as such, was
made available first.

“B” batteries were, as many
still are, composed of a number of
flashlight cells connected together
and contained in a sealed card-
board box. Their prices ranged
from about $1.00 upward, depend-
ing principally upon size. Larger
batteries lasted longer — save
when some gyp manufacturer
placed a small battery in a large

RADIO-CRAFT for

box, filled the spaces with old
newspaper or sawdust and sealed
it up (or held a lamp or cheap
meter on the terminals too long
while demonstrating that the bat-
tery was up to par — which it
probably was, before the start of
the test!).

Eventually storage ‘B” bat-
teries were produced. These

(Continued on page 614)
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T is to be supposed that radio servicing started with the inception
of “wireless”—back in the early Marconi days, since even
very earliest of apparatus which was in use must have required
repairing at some time or other. In the strict sense of the word,
however, the “Service Man” did not come into existence until
1923-'24, although radio technicians who performed repair work
were an established unit with the United States’ forces during
the World War.

This condition was probably due to two factors: (1) receiving ap-
paratus was so designed and constructed that it seldom, if ever, required
servicing (especially in the case of crystal detector receivers) or, if it
did, it was cither a case of replacing tubes or batteries (in the earliest
regenerative receivers) which was so simple a job that either storekeeper
or consumer did it; (2) real technical equipment, such as transmitters
(spark or tube), was installed and maintained by factory technicians
who were usually the engineering representatives of the manufacturers.

SERVICING IN 1923.°24

It wasn't really until 192324 that the commercial broadcast receiver
began to take on a technical aspect, which accounts for shopkeepers or
their “helpers” ceasing to replace the set’s batteries (with the aid of a
0-50 volt pocket voltmeter and a hydrometer for checking storage bat-
teries), and a sudden demand created for men with a knowledge of radio
to perform whatever repairs were found necessary. From simple regen-
erative sets with 1- or 2-stage audio amplifiers manufacturers suddenly
began to make receivers with reflex circuits, stabilized T.R.F. stages,
superheterodynes, etc.—although all these receivers were still battery
operated. A good many of these sets were of the custom-built variety,
especially those with superheterodyne circuits. However, set manufac-
turers began at that time to use the complex circuits, as well as compact
and elaborate construction, all of which necessitated skilled or trained
men to service them.

The De Forest Radio Tel. and Tel. Co., one of the earliest pioneers in
the field, was manufacturing the famous D-7 all self-contained loop re-
ceiver in 1923, which used 1 tubes, or stages, 3 of which were reflexed so
that 7 stages of amplification were obtained, plus a crystal detector. In
1924, this company followed up this trend in design with another 4-tube
reflex, the D-12, a really handsome leatherette semi-console cabinet job
with inner compartments for the “A” and “B” batteries; speaker within
cabinet with adjustable speaker unit; folding-type loop with calibrated
compass plate on top cover (through which the loop would go into a jack
receptacle) with plug tip end so that it could be removed and an aerial
and ground substituted; 2-gang condenser to tune 2 circuits, and many
other novel refinements.

THE RCA “PORTABLE"(!) .
That same year (1924) RCA came out with their “portable” super-

heterodyne using 199-type tubes, with all batteries and loop self-contained
within the case,—a rather gigantic affair (over 36 ins. in length) and
very heavy but intended also for home use.

Within a short time of their introduction both the De Forest and RCA
sets required servicing; in the former the A.F. transformers would burn
out and the speaker unit developed mechanieal troubles due to the adjust-
ing featurc. In the RCA sets the well known catacombs were giving
trouble, although as a rule most of the troubles were due to the 199’s
which always were extremely fragile tubes. At any rate, this servicing
work was beyond the scope of the dealer and a demand for Service Men
was created. Strangely, despite the great number of constructors that
(Continued on puye 651)
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Since the dawn of civilization man has ever tried to
improve the art of communication. Delving into the
history of mankind, we find the smokefire and sema-

J. T.

NY history would be considered incomplete if it

did not include all events from the beginning.
Hence, since radio is based on electricity, our
chronology must begin with the ancient days,
with the “discovery” of the peculiar, spark
producing properties of amber when this ma-
terial was rubbed on a piece of cloth or fur.
Similarly, knowledge of magnetic attraction in lodestone,
which also dates back to the days of the ancients, was
an epochal event; inasmuch as both of these “accidents”
were responsible for the later discovery and refinement
of electrical laws and principles, which served as the
foundation upon which “wireless” was built.

While no exact dates are available, the earliest his-
tories mention the phenomena surrounding amber and
the lodestone, as far back as 600 B.C. In that era, it is
chronicled, Thales discovered the mysterious sparks
which resulted when rubbing the mineral amber, and
which we now know to be “static electricity.” Since the
Greek word for amber is “electrum,” when the experiment
was repeated many centuries later, so that more might
be known regarding its cause and effect, it served as the
root for a new word—electricity.

During the long interim, strange and fantastic super-
stitions were conceived concerning static electricity and
magnetism. The philosophers of the early days theorized
quite a bit, but did very little experimenting; and what
was known was handed down from generation to genera-
tion with elaboration and no attempt at justification by,
at least, trial-and-error experiments. Consequently, we
find such fallacies, based more on hearsay, as “garlic
odor destroys the magnetic potency of the lodestone or
the compass.” This myth lasted through the early cen-
turies clear up to 1544, when the famous treatise on
Physics by Philip Melanchthon included mention of it.
After that time, numerous controversies sprang up, pro
and con, until 1646 when it received its death blow from
Sir Thomas Browne. This astute physician-scientist re-
fused to take anybody’s word for it, and actually per-
formed experiments with magnetized iron and “garlick
juice”—thus definitely disproving the centuries-old
superstition.

Similarly, numerous theories were created concerning
amber and diamonds; among them the most notable being
that iron rubbed with a diamond became a magnet, and
that diamonds when rubbed would attract bits of paper
and particles of dust. Another English scientist, Dr.
William Gilbert, outraged at what he termed “chattering
of barbers,” undertook to disprove these theories by ac-
tual experiment. To his discomfiture, he found that rub-
bing diamonds did cause them to attract bits of paper;
but he discovered also that practically everything he
rubbed, except metals, became thus ‘“‘electrified.”

This led Gilbert to compile a huge list of materials
which could be “electrified,” including such items as
“true jewels and paste imitations, sulphur, sealing wax,
rock salt, alum, resin,” ete. It was this gentleman who
gave the name “electric” to this effect, and later on,
in 1675, Robert Boyle, in his “Mechanical Production of
Electricity,” coined or derived the word “electricity”
from it. More important, however, is Gilbert’s invention
of the “electroscope,” which he probably used to test the
various materials enumerated in his lengthy compilation.
Also, he too set a precedent by conducting actual ex-

STATIC ELECTRICITY - 600 B.C.
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periments before publishing scientific information, refus-
ing to accept hearsay as fact.

With the beginning of electricity, came a new era in
scientific research; from then on, scientists have resorted
to trial and tests to confirm their theories. Back into the
darkness were dispelled the mysteries and superstitions
of the ancients. Electricity was born, and new fields were
open to conquest. Perhaps that is why some chronologers
refer to Gilbert as the “Father of Electricity.” At any
rate, since this period marks the inception of scientific
electricity, because of the gradual elimination of rumors,
guesswork and superstition, our chronology begins with
the date of 1600. Without question, scientific work
of importance in this field was reported earlier than this
period, and this fact is now acknowledged to avoid con-
fusion, discussion and unnecessary arguments.

DRr. WiLLIAM GILBERT, physician to Queen

1600 Elizabeth, and scientist. Invented the “elec-
troscope,” consisting of. a straw which was

pivoted like a compass needle, and which indicated the
approach of a charged body. Disproved many myths,
and compiled a list of materials which could be elec-
trified by rubbing. Coined the word “Electric”, from
the Greek root for amber—*“Electrum.” Conceived the
earth as a huge magnet, with magnetic poles and a
field of magnetic force about it—thus laying a positive
foundation for many scientific discoveries to come later.

SiR THoMAS BRrROWNE, English physician
1646 and author. Performed many experiments
with the lodestone and magnetism, refut-
ing many idle superstitions by actual trial. Actually
tried to make the first “wireless” by employing two
compasses with the alphabet written about them
(although credit for the idea must be given to a
predecessor, one John Baptista Porta). He imagined
that, if the two needles were magnetized together, then
separated, the turning of one to indicate some letter
of the alphabet would cause the indicator on the second
dial to move to a similar position; thus envisioning a
means of communication without any intervening me-
dium. The second compass indicator, however, did not
budge from its North-pointing position, remaining as
he said “like the pillars of Hercules.” Nevertheless, the
thought of communicating between persons over a
distance, hitherto more or less a figment of the imagina-
tion that inspired very few people in the centuries
before, became an intriguing thought in the minds of
many scientists of that time.

OTT0 VON GUERICKE, German burgomaster

1672 of Magdeburg. Famous for the “Magde-
burg experiment” with which he proved
atmospheric pressure, and entertained king and princes.
Built an “electric” generating device of a globe of sul-
phur mounted on an axle and turned by a crank. The
globe was rubbed by the dry palm of the hand, as it
rotated and, after some little friction, the globe was
sufficiently electrified to attract particles. This ma-
chine was, of course, a generator only of static elec-
tricity, not current electricity which we now use. While
experimenting with this device, he discovered that the
particles after they had been attracted, would in a
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short while be repelled. At this time we know that the
particles assumed a like charge to that of the sulphur
ball and, when this condition occurred, the particles
were repelled because “like charges repel each other.”
But the poor burgomaster was laying the foundation
for our knowledge by chasing a repelled feather around
the room with a heavy globe of sulphur in his arms.
In his pursuit of the feather, he noticed that the feather
was repelled by a lit candle on the table, and then
“flew back to the sulphur globe as a sort of a guard.”
Von Guericke attributed human attributes to a feather
when, in reality, he had observed the fact of electronic
emission without knowing it; nearly three more cen-
turies elapsed before anyone knew more about this
phenomenon. What really had happened to the feather
was that its charge was dissipated and then changed
by the electron stream from the candle and, conse-
quently, was now attracted to the globe which had
repelled it before. His experiments resulted in further
discoveries but, as with all pioneering work performed
with little or no background, satisfactory explanations
for some of the phenomena he encountered were not
available. He heard and saw the tiny discharges which
resulted when he generated static electricity with his
globe, but he didn’t associate it with lightning and
thunder. That discovery was to wait until Franklin’s
experiment with the kite,

STEPHEN GRrAY, Englishman. By experi-
172 menting with charged bodies, Gray dis-
covered the effect and the differences of
what we now know to be conductors and insulators, as
regards cenveying or transmitting charged impulses.
About this same time, DUFAY, a Frenchman, conducted
similar experiments but along more elaborate lines. He,
evidently, was versed in Gray’s accomplishments be-
cause his work seemed to be in the nature of proving
or disproving Gray’s discoveries. In the course of his
experiments he found that metal wires or wet objects
were the best conductors, though the most difficult to
electrify, while those easiest to electrify were the best
supporters or insulators of the charged impulses. In
fact, he built a line, a quarter-mile long, which con-
sisted of a wet thread held up on glass tubes and
determined that it was an excellent means of conveying
a charged impulse from one end to the other. This
was probably the first transmission or electric line,
and consequently an important discovery.

PIETER VAN MUSSCHENBROEK, of Leyden,

174 Holland. Invented the Leyden jar, after
discovering it in an accidental but most

interesting manner. It must be remembered that the
scientists of this period were still playing around with
friction apparatus, since no other means for generating
electricity had been discovered. Musschenbroek had the
thought that electricity could be bottled or, rather, con-
fined within a bottle so that it could be used at some
later time. Whether the idea was original with him
is hard to determine, since histories vary. At any rate,
the idea was that, if water were placed within a bottle
and then charged by means of a frictional-electric pro-
ducing machine, the charge would remain in the corked
or stoppered bottle because glass is a good insulating

RADIO-CRAFT for MARCH, 1938

phore means of signaling an ancient device for com-
munication. Radio is the result of a series of experi-
ments in communication which we here chronicle.

material. Fate took a hand the day Musschenbroek was
conducting the experiment. He was turning the crank
of the electric-producing machine, while his assistant,
Cunaeus, was holding the jar with one hand and with
the other trying to draw off sparks from a gun barrel.
The circuit consisted of the gun barrel connected to the
friction machine and also to a brass wire which entered
the jar, partly filled with water. Had Cunaeus placed
the jar on a table, nothing would have happened, and
the condenser might not have been heard of today.
As it was, his hand formed one plate, the liquid in the
jar the other plate and, while Musschenbroek cranked
the machine, the improvised condenser eventually be-
came charged up—and then Cunaeus must have thought
the world had come to an end! The tremendous spark
which resulted caused the entire charge to pass through
his body——and the records have it that Cunaeus was
incapacitated for two full days. Another scientist of
that period, Nollet by name, heard of the experiment
and, unwilling to be a subject for experiment himself,
got together approximately two hundred soldiers, had
them all join hands in a large circle, and then, in much
the same manner as Musschenbroek and Cunaeus had
done, sent a severe charge through them. The fact
that they all jumped instantly and strenuously pleased
him immensely, and gave him much to marvel at.
Naturally both Musschenbroek and Nollet tried to
figure out what had caused the effect, and it wasn’t for
some time that a definite conclusion was arrived at.
They found that, when they plaeced the jar of water
on a table, it would refuse to be electrified (since the
other plate of the condenser was lacking) and that,
only when the hand was placed around the jar, could
the phenomenon be repeated. But volunteers for the
experiment were probably lacking; so eventually it
was discovered that placing the jar over a metal plate
seemed to do as well. Later on, an outside tinfoil cover-
ing was substituted, with improved results, and for
many years this was the actual construction of Leyden
jars—the granddaddy of all condensers.

1751 BENJAMIN FRANKLIN, American states-

man, philosopher and, last but by no means

least, scientist. Practically everyone is fa-
miliar with Franklin’s kite and lightning experiment—
but perhaps too familiar with this phase of his work and
not so well versed in his other scientific endeavors.
Some of his deductions have played an important role
in the development of electricity since he employed
the same methodical precision and calm logic which
made him famous as a statesman and philosopher.
Franklin established the law of conservation of the
electric charge; that there are a Positive and Negative
kind of electricity; that lightning and thunder are
related to the crashings and sparks obtained when
electrically-charged bodies became discharged. He in-
vented the lightning rod, to prevent the great damage
done to property by lightning, and sent the suggestion
to the Royal Society in London—but was ridiculed for
it. His theories led to his followers’ discovery that
air may be substituted as the dielectric in place of
glass in the construction of a Leyden jar, as well as
that “like charges repel and unlike charges attract”—
which is now axiomatic.
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ALoYSIUS GALvVANI, Italian professor of
1780 anatomy. Up to his time, only two means

for obtaining electricity were known; one
by means of the frictional machine, the other from the
clouds, as discovered by Franklin. Galvani (by accident,
it is reported) noticed that an electrical charge applied
to a dead frog’s nerve would make it kick and struggle
as if it were very much alive. Continuing his experi-
ments along this line, he found that a number of frogs
he had prepared and suspended on his balcony would
respond to lightning flashes in similar manner and
that, even before a storm, if a frog’s legs happened to
touch the iron part of the balcony, the twitching
muscular movement would occur. Later on, he deter-
mined that any two metals joined together, so that one
touched a leg muscle and the other a leg nerve, would
cause the muscular twitching. Galvani then reasoned
that the muscle was akin to a Leyden jar, and that the
electricity was a fluid which made a circuit from the
muscle to the nerve, then through the metallic con-
ductors back to the muscle again. He called the “fuid”
animal electricity; but true galvanic electricity, as
caused by two dissimilar metals in contact, was not
recognized by Galvani who theorized that the electricity

originated in the frog's leg.
1 790 Shortly after Galvani’s experiments, Volta
devised what we now know as the “voltaic

pile,” consisting of a pile of alternate zinc and copper
dises (each pair of discs being separated by a moistened
pasteboard disc and termed a “couple”); so that, by
using quite an aggregation or large pile of dises, a
distinet shock was obtained when the finger tips were
placed on each end of the pile. The disadvantage of this
arrangement was that, when the pasteboard dises dried
out, the voltage diminished. Consequently Volta devised
copper and zinc strips, joined at the ends and placed
in separate jars containing a weak acid solution. Now
we have the first real battery—a unit destined to be of
great help to future inventors and scientists in their
explorations into the realm of electricity. In honor of
this discovery, Volta’s name was immortalized when,
later on, the volt was the name given to the unit of

electrical force.
180 menters. Set up a voltaic pile and showed
that water could be decomposed into its ele-

ments, hydrogen and oxygen, by passing an electric
current through it. Known now as the electrolysis of

water.
1 820 at Copenhagen. For thirteen years Professor
Oersted had experimented with electricity

and its effect on a compass needle, having read in Benj.
Franklin’s reports that there was some effect and rela-
tion between the two. While lecturing to a class,
Oersted had his attention called to the wavering of a
compass needle, whenever a switch was thrown which
connected to a voltaic pile. After the classroom students
had departed, he investigated the phenomenon—finally
ascertaining that, when the compass needle was placed
along the wire, there was a deflection, with the compass
needle coming to a stationary position when it was
across the wire. When the compass was placed above

ALESSANDRO VoLta, Italian professor.

NICHOLSON AND CARLISLE, English experi-

HANs CHRISTIAN OERSTED, Dane. Professor
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the wire, the needle turned one way, when placed under
the wire it turned the other way. This was the basis
for determining magnetic lines of force, and without
doubt the foundation for measuring or indicating elec-
trical instruments. In this same year, the chronicles
have it, one week after Oersted made the afore-
mentioned discovery, Andre Marie Ampere, French
scientist, made the important discovery that two par-
allel wires carrying an electric current but free to
move, attract each other if the currents travel in the
same direction, and repel each other if they travel in
opposite directions. Also, he determined not only that
a wire carrying an electric current would attract a
magnetized needle, but that the needle would also
attract the wire. Today we find the unit of current,

the ampere, named in his honor.
1826 standing accomplishment is the law which
now bears his name: “A current flowing in

any closed circuit is proportional to the force or vol-
tage and inversely proportional to the resistance of
the wire.,” Today we express Ohm’s Low simply by

mathematical means, viz.,, I = E/R.
1831 proved the electromagnet (developed by
Arago in 1820) by using silk-covered wire,
which allowed the use of many layers of turns. First to
employ insulated wire, which permitted him to make
coil-magnets large enough to lift several pounds. The
unit of inductance, the henry, is named after him.
ican artist, created the elec-

1832:1837 tric telegraph system and

conceived a ‘“‘code” which permitted transmission and
reception of messages. This Morse Code—still used in
wired telegraphy—was soon adopted for use in the
earlier transmission and reception of wireless messages,

Since it is very difficult to

1 825- 1 867 assign accurately the various

dates for Faraday’s numerous inventions and dis-
coveries, we herewith list the period of his activity, In
1824 Faraday became a Fellow of the Royal Institute,
but his fame as a scientist had preceded this date. He
died in 1867; and in the interim his discoveries were
the most complete, numerous and productive of any
contemporary scientist’s. They deal with every phase of
the sciences, physics, chemistry, mechanics, electro-
chemistry, and electricity. His first explorations in the
field of electricity resulted in the basic principle of the
electric motor. Faraday reasoned that, if an electric
current in a wire causes a magnetized needle to rotate,
then a magnet should cause a wire carrying current to
do likewise. He proved his reasoning by suspending a
conductor, so that it could rotate between magnetic
poles. He formulated the laws of magnetic induction,
which finally led him to invent the first electric genera-
tor; as a matter of fact, he built many models, each
time improving them. He invented the induction coil
which was later improved by Ruhmkorff, a Frenchman;
and also the transformer, which operated from alter-
nating current and, consequently, did not need the

GEORGE SiMON OHM, Bavaria. His out-

JoserH HENRY, American physicist, im-

SAMUEL F. B. MORSE, Amer-

MiIcHAEL FARADAY, English,
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interrupter device for starting and stopping the cur-
rent. In faet, Faraday discovered alternating current;
and the experiment now shown in high schools,
for producing electricity by plunging a bar magnet into
a coil of wire, was conceived by this most brilliant of
all inventors. He made a study of condensers, discovered
different dielectrics that may be employed, and
analyzed the relative merits of each—finally tabulating
this data so that today we have the “dielectric constant”
for each insulating material and can be guided accord-
ingly. He coined many electrical terms now in use.
1 865 rated mathematically what is known as the
“electromagnetic theory of light”, although

the thought was conceived by Faraday. This theory
says that light, electric waves and magnetic waves, of
varying frequency, travel in the same medium, namely

—ether. Since ether permeates all matter, a current
may exist in and about a conductor, but is essentially

guided by it.
1 86 The inventions of the previous years in the
field of electricity had brought about the

electric generator, batteries, the telegraph, arc lights,
a trans-Atlantic cable and many other devices which
were a great boon to humanity. But man is always
continuously striving to improve as well as explore, and
so we find Loomis, a Washington dentist, conducting
experiments and applying for a patent on a method
for transmitting and receiving messages whereby the
earth’s atmosphere is used as one conductor. Strangely,
he not only wanted to send messages as aforementioned,
but also to do away with batteries or generators, since
he was acquainted with the fact that the atmosphere
is continuously charged with electricity. Operating on
the theory that the higher the level, the greater the
charge would be, Loomis sent up kites 18 miles
apart, from two high mountains in West Virginia.
The kites. covered with large squares of copper screen
or gauze, were connected to the ground by strings within
which fine copper wires were enclosed. The wire from
each kite string was connected to one side of a
galvanometer, the other side of which Loomis held
in readiness, so that he could establish a connection to
a coil buried in the earth. The receiving station con-
nection, between meter and earth coil, was always
closed; and, whenever the circuit was closed at the
transmitting end—wonder of all wonders—the galva-
nometer at the receiving station actually dipped! This
and other numerous similar tests were conducted in
the presence of reputable witnesses; and Loomis almost
got an appropriation of $50,000 from Congress, to

develop his invention.
transducer, which functions optionally as

1875 an earphone) was invented by Alexander

Graham Bell. About 2 years later D. E. Hughes in-

vented the carbon microphone.
covered an arrangement which consisted of

1879 a stick of wood covered with powdered

copper; when placed in an electrical circuit the copper
particles would cohere when a spark was made,

James CLERK MAXWELL, Scottish. Elabo-

Dr. MaHLON Loomris, American dentist.

IN 1875 the microphone (or magnetic

Davip Epwarp HucuEes, English. Dis-
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Sik WM. H. PrReecE and A. W. HEAVISIDE,
Englishmen. These two gentlemen sent
signals to each other over a distance of
1,000 yards. The means employed consisted of two tele-
graph lines paralleling each other, with a telephone
receiver in the receiving side. The telegraph signals
could be clearly heard in the phone receiver, without
actual connection between the two, due to what is
known as induction or, in common telephone parlance,
“cross-talk”.

HEINRICH HERTZ, German.
It will be noted that the
dedication of this issue of
Radio-Craft to old-time radio begins with this
date since, in reality, Hertz’ experiments paved the
way for Marconi’s work in this field. Some prefer to
call Hertz the “Father of Radio”; and that he deserves
more than ordinary recognition, for his work in this
field is indicated by the fact that radio waves are
commonly referred to as “Hertzian waves”. Hertz
first became intrigued with this problem when he
studied Maxwell’s theories concerning light, magnetism
and electrical waves. In an attempt to gain further data
on this theory, Hertz actually set up the first spark
transmitter and receiver. The transmitter consisted of
a Leyden jar and a coil of wire, the ends of which were
left open so that a small gap was formed. For the
receiver he employed a similar coil, with gap arrange-
ment, located in the opposite end of the room. When
the Leyden jar was charged sufficiently, it discharged
through the gap in the wire coil; and the oscillating
waves thus generated were launched into the ether of
the room, and swept across the receiving coil causing
sparks to fly across the gap in the receiving coil. Hertz
measured the velocity of these waves and found that
they were the same as that of light, 186,000 miles per
second; also measured their length and, subsequently,
substantiated Maxwell’s theories.

EDOUARD BRANLY, French. Inventor of the
coherer, which was later destined to play
so large a part in the practical reception
of wireless waves by Marconi. The coherer was not
named as such until later, nor was it basically con-
ceived by Branly, since Hughes had employed a similar
device as mentioned previously. Branly, however, made
the device as Marconi was to use it, consisting of a
tube containing loose zinc and silver filings, and plugs
to make contact to each end. Since the filings would
cchere (stick together) after the first spark was re-
ceived, 2 means of separating them for the next signal
was necessary. Popoff (Russian) conceived the idea of
employing the vibrator and hammer of an ordinary
electric bell in the circuit of the coherer so that, almost
the instant the filings cohered, the hammer would strike
the tube and cause them to “decohere”.

NikoLA TESLA, Serbian. Suggested a means
cf wireless communication which utilized
the earth as a cenductor and created
stationary electrical waves on it. Invented the Tesla
coil, which, in effect, created high-frequency oscillations
of a broad nature (hence was in reality a broad wire-
less transmitter) but, since he made no effort to detect
(Continued on page 642)




Dr. LEE de FOREST—

Lee de Forest Laboratories

RENOWNE'D for his dis-

covery of the Audion,—
the first 3-element tube! One
of the first of American radio
pioneers and manufacturers.
Designed and sold many early
radio statious, including ra-
diophone types, some of them
to the U.S. Navy. His pioneer-
ing work in the development
of “film” talkies and other re-
searches are also well known
to many.

IFTY years of Radio! My memories don’t go back

quite that far, Thank heaven, because otherwise I
fear my future efforts would be too briefly curtailed—and
it’s a great game, this Radio, which I don’t want to abandon,
not for many years yet to come.

No, 37 years is all I can lay claim to—first in wireless,
then in Radio experimentation, invention, and manu-
facturing.

My recollections of the earliest beginnings are still
vivid—my first tests from the flagpole of Armour Institute
to the Lakato Hotel—a half-mile; and the ecstasy of
jubilation I thrilled to when those first purring signals
from my single headphone entered my ear. No triumph
since that day has ever excited me as did that first, primi-
tive success.

Next the tests to the tower of the Auditorium Hotel,
then to a yacht on Lake Michigan, actually sailing the
horizon, and I heard the signals—“amazing, incredible”!

Then came the battles in Manhattan, to persuade men
of wealth that wireless telegraphy was (1) possible, (2)
profitable. None, old J. P. Morgan, Geo. Westinghouse
included, could be persuaded that wireless possessed poten-
tial earning powers. Believe it or not!

Came the 1903 International Yacht Races. “Sir Thomas
Lipton installs de Forest Wireless on his yacht Erin”—
The A.P. transmitted thousands of words to my Coney
Island station, and American business began slowly to
realize that perhaps “we had something there”. The demon-
strations at the St. Louis World Exposition convinced the
public—commercial wireless messages to Springfield, then
Chicago—300 miles overland, an unheard-of world record!

And then the U.S. Navy began to install “modern”
American wireless on battleship and cruiser. T. R.’s famous
trip to the Canal on the West Virginia, in constant touch
with shore, even exchanging messages with Ohio’s Governor
Herrick, from mid-Gulf to my Cleveland station; then the
Navy’s 5 world-beater, 25-kw. (!) stations in the Carib-
bean and Porto Rico, resulting in rapid installations on
most of our Atlantic coast marine,

But O.M. static in 1906 caused collapse of financiers’
over-ambitious plans for overland networks; the wire-
less stock bubbles burst, and when the smoke subsided
American wireless was owned and controlled by London.

So I began over, this time with “Radio”, for words and
music, not merely dots and dashes. Solely salvaged from
that wireless wreck was a small glass bulb, a “wireless
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Pause for a few minutes and pass back over the years with a
few of the famous old-timers who made radio history.
Radio-Craft is proud and deeply honored to record for
posterity this glowing record of hard-fought achievement.

detector”, fortunately (for me) deemed commercially
worthless in comparison with the slightly less sensitive,
more rugged crystals,

Using a small carbon arc in alcohol flame as my un-
damped-wave generator, with double or triple pancake
tuner and the grid Audion detector, I was soon broadcasting
phonograph music for 10 miles from a small laboratory,
atop the old Parker Building—4th Avenue at 19th Street.
There the 3-electrode amplifier for telephone currents was
invented, destined later to twine voice networks around
the globe,

November, 1907, saw Bob Evans’s Fleet start around the
world, every vessel carrying a radio telephone. The un-
certainties of performance of the arc-transmitter, with
husky carbon mike in the antenna-earth lead, rendered
these early broadcast efforts abortive.

So again I retired to a laboratory for new studies, fur-
ther discoveries; this time in far-off Palo Alto. There in
the summer of 1912, while constructing the original Cas-
cade Audion amplifier, for later demonstration to the Bell
engineers in New York, the first “feed-back’, or regenera-
tive circuit was accidentally discovered.

One year later and Charley Logwood and I were tele-
phoning across my Highbridge Laboratory using a small
audion bulb for transmitter, another as detector, a third
for amplifier to headphones. Thence grew quickly “oscil-
lion” tubes, of 25, 50, 100 watts—grid modulated; and
actual broadcasting—with Election Returns in November,
1916—4 years before WWJ and KDKA, and nightly or
thrice-weekly programs, until the War stopped everything.

The post-war growth, from 1919 to today, is history
familiar to most of your readers. But those earlier strug-
gles, disappointments, defeats, ultimate triumphs——their
memories are cherished by but a few veterans and pioneers,
in numbers steadily, sadly diminishing—annals which now
make pleasant recollection,

DAVID SARNOFF—

Pres., Radio Corporation of America

HO, in the radio indus-

try, has not at some time
heard of David Samoff and
the““Horatio Alger”-like story
of his success? From lowly
wireless operator in 1907, to
president of the Radio Cor-
poration of America; that
interim has been full of suc-
cessful incidents that now
make this man an outstand-
ing figure in radio, and in
the business world.

N 1888 an American author, Edward Bellamy, pub-

lished a novel entitled “Looking Backward.” It became

a best-seller, was published in many editions and translated

into many languages. The author pictured a Utopian

world of the year 2000, where, among other miraculous ad-

vantages, one might summon beautiful music into one's
home merely by turning an electric switch.
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Albeit many of these lines are whimsical, none-the-less,
reading between them we see years of disappointment and
disillusion that only the indomitable spirit of the pioneer
was able to surmount. Radio’s spirit of yesteryear carries on!

In 1888 Heinrich Hertz was probably too busy experi-
menting with an electric spark and a loop of wire to read
“Looking Backward.” In any case it may never have
occurred to him that there could be any association between
his experiments and the early fulfillment of Bellamy’s
dream. Nor could he have believed that the work he was
doing would make possible instant communication between
all nations; would promote human safety on land, at sea,
and in the air; and would help bring not only music but
news, education, drama, and comedy into the home.

Although radio as we know it today has been a half-
century in the making, its most spectacular progress has
occurred only within the past 15 years. As radio has gained
momentum its forward speed has been constantly accel-
erated.

Prominent among the accomplishments of the recent past
are the automatic SOS radio alarm, which insures recep-
tion of distress calls at sea; the improved application of
radio technique to recorded music, and to motion picture
films; the widespread development of automatic tuning;
the development of shortwave technique to permit broad-
cast programs of all nations to be heard around the world.

Radio, the pioneer, continues to scan far horizons. Tele-
vision is steadily progressing toward the ultimate goal of
a useful public service. Recent outstanding television ad-
vances have included the development of more sensitive
iconoscopes, and of larger kinescopes, presenting black-
and-white instead of tinted pictures; the projection of
television pictures onto a 3 x 4 ft. screen; the successful
transition from 343- to 441-line scanning; and the develop-
ment of a mobile truck-unit for outside program pick-ups.

There is only one thing certain about the future of radio,
and that is the certainty of fresh surprises, If, in 1938,
another Bellamy should write another “Looking Backward”
his imagination would be unequal to the task of predicting
the ultimate results of the simple findings of Hertz and
their application by Marconi. They are beyond human
calculation. Radio has only started.

Dr. FRANK CONRAD—

Assistant Chief Engineer, Westinghouse Elec. & Mfg. Co.

ODERN broadcasting

owes 1its inception to
Frank Conrad’s earlier «c-
tivities as an amateur. In
1919, while employed as an
engineer with Westinghouse
in Pittsburgh, Conrad began
to send out progrwms from his
station installed in his garage.
Westinghouse became inter-
ested in the publicity that re-
sulted, and KDKA (the first
broadcaster) was the result.

MONG the many incidents associated with radio broad-

casting I recall, none remains clearer in mind than a
demonstration of short-wave transmission between our
station at East Pittsburgh, Pa., and London, England,
made before delegates to an International Radio Con-
ference held in 1922,
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Misconception as to the efficacy of the short-wave band
for distance transmission was wide-spread at the time due
to the well-known skip-distance phenomenon of ultra-high-
frequency, whereby they tended to fade out a short distance
from the station only to come in strong again at points
far removed.

For several years, those with whom I associated had been
conducting tests with short waves and were familiar with
the characteristics of such transmission, finally concluding
that it would be an excellent medium for trans-oceanic
operations.

In 1922, I carried a short-wave set with me to London,
keeping in touch with our Pittsburgh radio station while
on board ship.

At the conference, the question of short waves was dis-
cussed and some questions were raised as to their ever
being of any value in radio.

One night, we invited a number of delegates to my hotel
room and using the short-wave receiver, with a brief
length of wire tossed out the window, listened to Pittsburgh.
By cable, I had arranged for a complete program to be
sent from our Station W8XK. The announcer in Pitts-
burgh, probably thinking to bring us up to date with the
news, read not only the entire front page of a Pittsburgh
newspaper but also several other columns inside.

The listening radio delegates heard not only their first
trans-Atlantic short-wave transmission but also the great-
est number of words sent over the ocean by radio up to
that time.

The incident was widely discussed at the conference and
the short-wave band given due importance in the con-
sideration of future radio requirements. Now, of course,
the short-wave band is used widely in radio transmissions
and will continue to be the part of the radio spectrum from
which new channels for radio use will be drawn.

POWEL CROSLEY, Jr.—

Pres., The Crosley Radio Corp.

PIONE'E‘R manufacturer of
radio receivers and parts,
and now president of one of
the largest radio set com-
panies and largest radio
broadcast station in the
world. His vision and faith
in the future of radio are well
illustrated by the progress
and success of his company,
since the days when he first
made the “Pup” 1-tube set,
and book-type condenser.

OU ask me to reminisce a bit about radio. So here goes.
Perhaps you have heard how my son, then 9 years
old, came to me back in 1920, wanting me to buy him a
wireless outfit. I did—a little crystal detector affair. That
is how the whole thing started. Now, son is Vice-President
in direct charge of our radio division. In the meantime,
we have built several million radio sets.
Then again I look back to our first broadcasting station
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—a little 20-watter—upstairs in a room housing a billiard
table that I used as a laboratory in the early days of radio.
The call letters were 8CR. It was an amateur radio tele-
vision transmitter. At odd times I used to put phonograph
records on. One day with the wind blowing in the right
direction I received an acknowledgement card from Lima,
Ohio, 100 miles away. Marvelous!

I remember when a radio club in Cincinnati got after
us pretty hard for using super-power—50 watts. There
have been similar repercussions down through the years
in pioneering 5,000, 50,000, and 500,000 watts. But I still
say that a lot of people have been able to enjoy better
radio reception in remote parts of the country as a result
of such pioneering.

I look back upon the day when we first carried on 2-way
communication with WLW hooked-in with an airplane in
the sky, directing its course to the location of our trans-
mitter then at Harrison, Ohio. I remember the chap who
came into my office with the idea of buying a “Jenny”
plane. He wanted to paint our trade-name on the lower
side of the wings. I thought I had a better idea—load the
ship with a receiving set and powerful loudspeaker; trans-
mit by radio to the plane and let it talk back to the ground.
So we tried it and it worked. That was a long time ago
as time goes in radio.

I could go on enumerating hundreds of little incidents
throughout the past 16 or 17 years, but one series of
incidents that stands out very pleasantly in my mind has
been the meetings from time to time with you, Hugo Gerns-
back, While our paths have not crossed frequently recently,
I read your stuff regularly and admire the inventive vision
of your brain. How many things have come true that you
have predicted!

Dr. ALFRED N. GOLDSMITH—

Consulting Industrial Engineer

AST-PRESIDENT of the

I.R.E. and S.M.P.E., Dr.
Alfred N. Goldsmith still
edits the Proceedings of the
former body and is on the
governing board of the latter.
Some years ago he taught
electrical engineering at the
College of the City of New
York, and more recently was
Vice-President and General
Engineer of RCA. He is now
a consulting engineer.

NE-THIRD of a century is not much in the life of
nations but it is a long time in the history of radio.
At the beginning of the 20th century the “ether” was
practically undisturbed. Except for lightning storms and
occasional X-ray outfits all was quiet on the electrical front.

The radio amateur or professional of those days needed
a lot of patience. To build apparatus that would work, he
required infinite tenacity together with outstanding detec-
tive ability. People who knew anything about radio (or
“wireless” as it was then called) kept their dark secrets to
themselves. Accordingly it was necessary to extract the
facts by force or guile.

I can recall building a portable coherer receiving outfit
in those days. It was carried to the homes of my friends,
and aerial wires were lowered out of windows or thrown
across roofs. Then began a long vigil in each case. After
anything from 10 minutes to several hours, the radio
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telegraph signals from some ship in the harbor would
gladden expectant ears. The reaction of my hosts varied,
but was generally either amazement, incredulity, or else
a slight doubt as to the genuineness of the actual reception.
Messages were few and far between and tuning, as we
now know it, played little part in those days of “high-
decrement waves”.

Later, radio telephony began to be of interest. One of
my friends, an eminent radio engineer since deceased, had
a small arc telephone transmitter installed in lower Man-
hattan. He visited my laboratory to pick up the signals
on a simple crystal receiving set, vacuum-tube amplifiers
being unavailable in those days. The tests were carried
out in the silence of night in a quiet neighborhood. The
headset telephones were closely clamped to the ears of the
expectant listener. Then the telephone cords were held
away from the table and equipment by his companion,
because even the slight scratching sound of a telephone
cord rubbing against any obstacle would have been suffi-
cient to drown out the excessively feeble telephone signals
which could then be received over even a few miles dis-
tance!! Such was radio telephone reception in the days
before power output tubes and efficient loudspeakers.

Less than 10 years later it was possible to put many
hundreds of watts of speech-modulated energy on the air.
A radio telephone transmitter which I had in operation
more than 20 years ago, working around 1,700 meters,
was received in the mid-West on midnight tests by an
eminent university professor who was also a radio expert.
This gentleman later became one of the leaders in the field
and a high officer in the communication service of the
United States. At midnight he would send me, after each
test, a wire telegram telling me of the results— after
which I would go to the local telegraph office near my
laboratory and wait for the telegram to arrive (there
having been no messenger boys available at 1 o’clock in
the morning in outlying districts in those days).

Altogether, radio was a rough and ready field one-third
of a century ago but it was full of interest, new things
happened frequently, and all radio men were enthusiasts.
Indeed they had to be enthusiasts to stay in a field which
most sober business people regarded as related to mesmer-
ism, hypnotism, or some other exotic “ism”. Now radio is
respectable and occasionally even stolid. But fortunately
the new arts of radio centering about the ultra-high-
frequency waves, facsimile, and television will provide
both the headaches and the stimulations which will make
radio interesting and worth-while as a career in the future.

ELLERY W. STONE—

Vice-President, All America Cables, Inc.

PROMIN ENT radio engineer
and consultant in the old
days when radio was boom-
ing. Some of the Pacific coast
radio amateurs and wireless
“ops” will remember him as
their inspector (San Fran-
cisco district) between 1914
and 1917. His book, “Ele-
ments of Radio Telegraphy”,
served as the text for many
student operators and ama-
teurs of those early days.

REMEMBER when Modern Electrics was my engineer-
ing guide and its companion enterprise—the Electro
Importing Company, generally known as the E. I. Co. to
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the “aficionados”—was my only source of radio equipment
other than that which Modern Electrics taught me to
build.

As a boy in high school, radio was my first hobby. After
30 years of it, it is still as fascinating. In the old days, the
hobby end of it was as a “ham” operator. Today, the tele-
graph end of it is my daily job and the hobby end of my
radio interest has drifted over into high-fidelity reproduc-
tion of music—radio and phonograph. But once a radio
man—always a radio man.

So I remember when my first detector was a carbon and
needle. Then I went to a crystal and graduated through
carborundum, silicon and galena to reach finally in
1913 the dizzy heights of the de Forest audion—the
low-vacuum type with the green grid wire and the red
plate wire, and the candelabra-base connection for the
filament.

But in the course of my detector experiments, I should
not omit reference to one experiment in the field of the
electrolytic—and finance. Wollaston wire in San Francisco
was only obtainable at a dealer’s on lower Market Street—
25c¢ an inch. Shipments were received irregularly from the
East. So one day, some of the local hams pulled a “Black
Friday” on the rest of the fraternity and cornered the local
Wollaston market. It probably cost us all of $3.75 but the
pool sold out at 1009¢ profit.

One of our number was really fired with genius. When
the de Forest audions first made their appearance on the
Coast, along about 1913, he noticed that in the cold morn-
ing hours, his detector was never as sensitive as it was
when he had gotten his “shack” heated. He discovered that
his audion was a little on the hard side and the warming
of the surrounding air occluded enough gas molecules from
the inner side of the glass envelope, or perhaps the metal
electrodes, te lower the vacuum to the optimum point for
maximum sensitivity. Thereafter, a local glass blower
pumped each of our audions just past the critical stage,
we operated them suspended downward in small beakers
of oil, and with a Bunsen burner brought them to—and
maintained them at—a degree of sensitivity which made
our DX records the envy of the less erudite hams of our
acquaintance.

Next followed the use of « U-shaped magnet around the
outside of the audion for so directing the ionic (or elec-
tronic?) stream within the electrode field as to secure
still greater sensitivity. I think I contributed a monograph
in this field of “research” to Modern Electrics in 1914.
I know that when the War came, and I packed up to join
the Navy, the old magnet went with me and saw active
duty at NPL to the astonishment of some hard-boiled
sailors who wouldn’t believe what it could do for a weak
signal until I showed them.

Those were the days before amplifiers when we had
to extract the last ounce out of the incoming signal—
when poor or careless engineering couldn’t be com-
pensated-for by just adding another tube. Litz wire in
receivers and high-impedance Brandes “cans” helped,
but many were the schemes we tried, to get out that
“last drop”.

Now we fight for straight-line performance, =*0.5-db.
from 30 to 16,000 cycles. The thrill of music of the great
masters has replaced the thrill of the faint whisper of a
240-cycle note in the ’phones. Today, we fight acoustics
and control line cut-off and long-line phase distortion,
when formerly we fought static and interference from a
“rock-crusher” a few miles away. It’s still the same old
game but perhaps just a little less selfish, for in the old
days only the ham of the family got the thrill; today, the
entire family can respond to Wagner or to Beethoven—to
both under the incomparable Toscanini.
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ROBERT H. MARRIOTT—

Consulting Engineer

FORTY years ago, Robert H.
Marriott became interested
n “wireless”, studied it, and
experimented with Hertz
equipment. In order to send
and receive, he developed
automatic recording appara-
tus. He recalls the first com-
mercial recetver, early news
transmissions and police
alarms. Mr. Marriott was the
first President of the I.R.E.;
is now a consulting engineer.

MONG the many who are entitled to credit for radio,

Heinrich Hertz seemingly has mot received enough.
Hertz was the first to take up the Maxwell theory and from
that theory to set about designing, building and operating
devices that would demonstrate radio transmission, recep-
tion, waves, wavelengths, frequencies, tuning, reflection
and refraction.

Following the publicity about Marconi in the Spring of
1897, I asked Ohio State University how I could study
wireless. They advised me to take the General Science
Course—majoring in Physics and specializing in wireless—
which is what I did from 1897 to 1901. The Hertz radio
equipment was what I used first and I understood it had
been there for several years. I presume that there were
copies and modified copies of the Hertz radio equipment
in many colleges, in increasing numbers, after the Hertz
1887 disclosures.

Hertz transmitters and receivers were made smali
enough to be used in either the horizontal or vertical posi-
tion with reflectors and lenses on lecture tables before
classes, with the transmitter and receiver on the same
table. The radio frequencies with Hertz apparatus, between
1887 and 1897, probably averaged around 150 megacycles.

From 1897 on, radio expanded beyond the walls of
college physics laboratories. The antennas became higher,
the waves became longer, the powers became greater, the
detectors became more sensitive and the commumnication
distances became longer. Maxwell-Hertz radio that had
been academic for several years was trying to become
commercial with Marconi and others. However the pub-
licity about Marconi did not cause a general stampede to
the radio field. No fellow student would take up radio with
me, therefore, when I passed from operating the apparatus
where both the key and detector were within reach to
longer ranges, I had to arrange the trunsmitter to be keyed
by a clock and include a tape recorder in the portable
receiver!

The X-ray also began to be a commercial product in
about 1897. Induction coils (later to be popularly referred-
to as “spark-coils”) that were made for X-ray were also
used for radio. The first factory-made radio receiver for
experimental and private use, that I saw, was purchased
during the academic year 1899-1900 by Ohio State Uni-
versity from the J. H. Bunnell Company and was made by
the United States Electrical Supply Company, both of
New York.

Disbelief in radio was common and persistent. In 1902
newspapers published test messages which they had sent
over the Catalina Island to the California mainland radio
circuit, a famous physician was obtained quickly by radio
for an Avalon guest and the result of the Jeffries-Fitz-
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simmons fight was reported by radio to Avalon many hours
before that news could have been delivered otherwise. Those
successive demonstrations only made the disbelievers talk
more and louder.

But one morning 2 negroes left Avalon on the 5 o’clock
boat before it was discovered that they had taken the cash
and expensive wine from the Metropole hotel bar. Avalon
citizens believed from previous experiences that such thieves
would not be caught because the infrequent boats provided
such a head start. The hotel manager sent a radio, with
the result that the police met the colored men when the
boat docked at San Pedro. That radio demonstration silenced
disbelievers at Avalon and they used that radio circuit for
21 years, until cables were substituted.

McMURDO SILVER—

Pres., McMurdo Silver Corp.

cMURDO SILVER, guid-

ing spirit of the corpora-
tior which bears his name,
counts 26 years of activity in
the radio field, dating from the
time when apparatus included
such accessories as gas burners
and permanent magnets, and
such parts as yard-long lengths
of cardboard tubing. Mr. Silver
is one of the pioneer manu-
facturers of high-quality re-
ceiving equipment.

N this, the 50-year JUBILEE NUMBER of Radio-Craft, the
writer is somewhat amazed to realize that he can actually
look back over an active 26 out of this total of 50 years.

Very well does he reecall his introduction to wireless in
1912; his first and fruitless attempts to build a spark coil,
and his final reasonably successful attempts to build a
single-slide tuning coil and erystal detector.

“Much water has flowed under the bridge” and it is almost
impossible to project oneself back a quarter of a century
and then try and look forward at radio. It seems equally
difficult to attempt today to look forward another quarter-
or half-century.

The writer distinetly recalls his first thrill at finally hear-
ing POZ with a “l-lung” (only one filament still burning)
audion bulb, flanked by a Bunsen burner and an old tele-
phone magnet to increase its senmsitivity; and the difficulty
had in keeping untangled from what seemed endless lengths
of cardboard carpet-tubing, for the winding of which the
local electric shop had given its last inch of No. 36 S.C.C.
copper wire.

Equally thrilling was the occasion in the fall of 1914 when
Hobart College played against Cornell’s football team at
Ithaca, actually won and no one in Geneva, New York, knew
this because a storm had cut off telephone and telegraph
communication. For the first time the villagers appreciated
amateur wireless activities, for despite the elements, news
of the transcendent victory was brought in over a Colby
tuner and the same 1-lung audion bulb.

The memory of almost any engineer will yield innumerable
anecdotes and one man’s reminiscences would almost fill
this whole magazine, so the writer will sign off with only one
more.

In either 1920 or 1921, the Aurora Borealis was visible
early one evening in New York City. On that evening, he
had gone to help a brother amateur get his VT-2 tube to
oscillating in one of the new fangled tube transmitters, on
Broad Street, Newark. Arriving before dinner was over, the
writer fired up the rig alone and was delighted indeed to see
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the old G.R. “hot-wire” ammeter climbing slowly from the
hoped for 1/10-ampere to all of 1% amperes. Looking over
the rig and out of the window, he saw the Northern Lights
in the sky over the Hudson. Promptly shutting off the power,
he was amazed to notice the ammeter slowly climbing to an
ampere-and-a-half, and even more slowly drop to zero.
Needless to say, experiments were discontinued that evening.

What will come in the next 50 years-—maybe television?

ISSIDOR GOLDBERG—

Pres., Pilot Radio Corp.

PILOT parts were known to

all experimenters and con-
structors in the latter part of
the 1920’s. This astute business
man had the foresight, in those
days, to manufacture the great-
est variety of radio equipment
at prices designed to have
popular appeal. Today, he
heads the internationally fa-
mous Pilot Radio Corporation.
The letter below is addressed to
Hugo Gernsback.

HEN I received your letter of recent date informing

me of your JUBILEE SOUVENIR NUMBER, it carried me
back to the days when you and I became associated in 1908
in the manufacture of wireless apparatus.

Those were the days of the sliding tube condenser, ball-
bearing tuning coil, coherer detectors, electrolytic detectors
and the inevitable cat’s-whiskers. Well do I remember the
1-, 2-, 3- and 6-inch spark coils, each weighing it seemed to
me about a ton apiece, being sold as rapidly to the experi-
menters of that time as tubes are now being sold to Service
Men. Every inch of spark coil power meant 5 miles of
transmission and how desperately anxious all the boys were
to accumulate enough to get larger and larger spark coils.
Now you know why Pilot Radio claims 29 years’ experience
in the Radio Art.

I want to go on record as saying that I don’t think credit
enough has been given you by the radio industry for the
pioneering work you have done in the Art. You are respon-
sible for the vast number of experimenters in the wireless
field and without them, we wouldn’t have the radio develop-
ments which we have today.

May you continue your good work for many years to come;
I wish you continued success.

ARTHUR A. HEBERT, WIES—

Treasurer, The American Radio Relay League

THE treasurer of the Amer-

ican Radio Relay League,
Arthur Hebert, has been an
amateur since 1902. Hig first
real transmitter was bought at
the old E. I. Co., and operated
under the call AH before Fed-
eral licensing provisions went
into effect. Mr. Hebert has
operated 2ZH and 2MP in addi-
tion to his present WI1ES. As
an amateur, he is a firm believ-
er in “ham” communications.

T is just 35 years ago that I, as a young railroad teleg-
rapher, in Providence, Rhode Island, became infected
with the “wireless bug’” while trying to make a coherer
RADIO-CRAFT for
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*decohere” and enable one to receive wireless signals from
the Massie Wireless station in that city,—and the bug has
never left me.

Shortly thereafter, I accepted a position in New York City,
and there found kindred spirits, but the business of making
a living put a damper on much activity, but enabled one,
nonetheless, to browse about steamship piers, “DF” at
Manhattan Beach, “WA” at Waldorf-Astoria Hotel (the
famous Col. Wilson’s stock station) and other commercial
stations, becoming acquainted with the “wireless operators”,
which kept the interest alive until 1908 when a momentous
decision was made of acquiring a real transmitter.

What a thrill while walking through Fulton St. during the
noon hour im picking up a little magazine named Modern
Electrics to discover after reading a few pages that there
actually was a store in New York City where “wireless”
parts could be bought. The desire to see the place that same
noon could not be resisted and on we walked through Fulton,
Greenwich and West Broadway, and there on the 2nd floor
of an old building we met for the first time, the Father of
Amateur Radio, Hugo Gernsback, the publisher of Modern
Electrics and the owner, if memory fails not, of the famous
E. I. Co.; and at the same time it was my pleasure of meeting
Vietor Laughter, author of a book on wireless. The amateur
spirit was there as we have it today and what a “talkfest”
we had,—it resulted in my parting with a $20 bill and leav-
ing the place 2 hours later with a 1-inch spark coil, a 1-slide
“tuner” guaranteed to receive 1,000 miles—it had 1,000
turns of black enameled wire on it—, and a pair of head-
phones which we still have.

During the next 3 years we find ourself “puttering” and
feeling very much discouraged because the “Molybdenum”
detector would not bring in signals; the “Electrolytic” detec-
tor “ate up” the “Wollaston” wire at the rate of almost 1
inch per hour and as this wire cost us $1 per inch, it became
too much of a luxury. But when we discovered a source of
supply where we could buy Galena at 25 cents per pound,
there was a silver lining in our radio world.

The detectors made with galena were so good and sensitive
we found ourselves in the position of being able to copy the
Navy Yards all along the Atlantic Coast and, many times,
assist in copying messages which Navy and commercial oper-
ators had difficulty in receiving. In that manner our circle
of friends amongst the wireless operators grew, but once
in a while irritation would develop, particularly when our
1-kw. spark transmitter caused interference and we were
asked to “stand-by”, but it had to be done politely; otherwise
the poor Navy, ship or land station operators were in hard
Tuck as our signals were stronger than theirs,

When the laws of 1912 were passed by Congress, and the
administration placed with the Bureau of Navigation, Dept.
of Commeree, station and operator licenses became obliga-
tory, the old “AH” call changed to 2ZH; after the war to
2MP and as such was as well known as W1ES has been
since 1923 when we moved to the first call area.

With the advent of government supervision rapid changes
took place and Amateur Radio—through the efforts of the
American Radio Relay League, founded in Hartford in
early 1914, by the famous inventor and amateur, the late
Hiram Percy Maxim-——made astounding progress in the
fieild of communication and experiment,

Whom do we find prominently connected with the radio
industry today but the men who were radio amateurs 20 or
more years ago? Amateur radio is still the great training
school of the engineer of today—and tomorrow.

The story of amateur radio is one of service to the govern-
ment and to communities in time of disasters.

The early pioneers deserve great credit for developing a
“hobby” which is the admiration of the world, and where it
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may lead to, with television just around the corner, I shall
leave to the prophecy of Mr. Hugo Gernsback, whose many
editorials have been so far ahead of the times.

WILLIAM H. PRIESS

Pres., International Television Radio Corp.

RIESS’ work on the develop-

ment af reflex receivers,
while with Kolster and when
manufacturing sets under his
own name, is well known to
many old-timers. His more re-
cent worlk in television, de-
scribed in  recent issues of
Radio-Craft magazine, is be-
coming outstanding and popu-
lar. His reminiscence has ex-
ceptional value. (Photo i3 from
a painting by M. Kassel.)

HE summer of 1911 found me working in the electrical
and blackface gang at the old Waldorf-Astoria. A job
requiring a strong back.

Tesla, the Montenegrin genius of Mephistophelian get-up
lived on the 11th floor. This man with his induction motor
created the alternating current industry, and dreamed of
the Earth as you and 1 would of an apple, which he would
activate from a central point to drive ships and trains,
give light and heat everywhere without wires. He played
with millions of volts and made property cheap in the
vicinity of his laboratory. He gave us the multiple spark-gap,
and Tesla transformer. His roost was generally avoided by
us all, and we tip-toed by it as a youngster by a graveyard
at night. On the roof of the Waldorf, a wireless station
crackled messages to the ships at sea.

Marriott, of the old United Wireless, the grand-daddy of
the Federal Communications Commission field service. I
vecall my pride in carrying his wavemeter, Braun hot-wire
ammeter and voltmeter, in 1912 on ship inspections, Can
you remember the racket and the roar of the early com-
mercial wireless sets doing their job at an efficiency of one-
half of one per cent? Do you remember the Fleming Cy-
mometer?

Bucher, teaching the Marconi School, in a dismal loft at
this time. We two aimed at writing a correspondence school
course on wireless, with directions for using the keen stuff
Electro Importing Co. was offering. The talented Bucher
became the first sales manager for the RCA and later its
Vice-President.

Shoemaker, with the largest cud of tobacco ever carried in
the mouth of a white man, performing tricks with link
eircuits. The old-timers remember how he planned a reserve
flag wig-wag system to make sure there would be no slip
in the advertised first wireless reporting of the America’s
Cup Yacht Races.

Austin, his mastery of meter and buzzer, and his range
data established by the ecruise of the Salem and the
Birmingham.

Pickard, the cultured, the foremost scholar of the business
and a veritable walking engineering encyclopedia, also an
aspirant for wireless cup-race honors, He is of the crystal
detector and I.P.76 receiver fame. Have him show you the
repellent picture, taken 30 years ago, he has of himself,
lolling in a bunk on his reporting tug, bearded and as non-
descript in appearance as a tramp on a hand-out line.

Sarnoff, pounding brass in a two-by-four station on top of
Wanamakers. Now President of RCA.

Goldsmith, teaching radio and banging out the Proceedings

(Continued on page 620)
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In times of stress, when all other means of communications
fail through the action of fire, flood or storm, the radio

amateurs come through! Everyone knows of their sen-
sational achievements in recent years. Yet hardly a person

W

T was in 1908,” says Clinton B. De Soto, in a book pub-
lished by the A.R.R.L., “that Hugo Gernshack, a clever
Belgian* promoter. manufacturer and shopkeeper on

Fulton Street in New York City . . .. began the pub-
lication of the magazine Modern FElectries . . . . The
contents . . . . soon became predominantly radio in

: character.”

A liltle farther on, Mr. De Soto continues, “The Wireless
Association of America was a child of Hugo Gernsback, publisher
of Modern Elcetrics. In early 1910 the first Wircless Blue Book of
the Association appeared, dated 1909. It listed 90 U. S. amateur
stations . . . . together with the call letters used, wavelength
in meters and spark-length of the induction coil . . . .”

To Mr. Gernsback, thus, may be attributed the development and
organization of amateur radio, in a great degree. Without his
foresight and friendly interest, it is highly doubtful that the
“hams,” as the amateurs call themselves, would ever have reached
their present high degree of development. His early publication of
2 magazine devoted to wireless and scientific amateurs stimulated
and encouraged the youths to interest themselves in fascinating
and intellectual pastimes; later his fostering of the “amateur
association” movement resulted in an organization destined to
play no small part in the growth of amateur radio.

Amateur radio may be said to have received its first impetus
when the late Gugliclmo Marconi, then a yvoung Italian experi-
menter, received 3 dots sent across the Atlantic Ocean on Decem-
ber 12, 1901. The apparatus he used was crude, and amateur
scientists, inspired by his achievement, built similar set-ups and
proceeded to try their hands at sending and receiving.

There were no licenses required in those early days. The sole
requirement for amateur radio activities was the equipment. If
one could afford to buy the parts and had the skill to use them,
he could go on the air, using any frequency or power his heart
desired. Sometimes his heart desired a frequency adjacent to one
used by the Navy, or commercial wireless companies, after these
had come into existence. If so, it was just too bad, for the amateur
was under no obligation to shut down his service or shift his
wavelength if he was interfering with other communications;
it was a matter left to his own discretion. This condition held from
the beginnings of radio until August 17, 1912, when President
Taft signed an act to regulate radio.

Although 28 bills to regulate radio had been introduced in Con-
gress during the preceding 10 years, this was the first to affect
the amateurs—and affect them it did! It made licensing mandatory

- .‘.Mr‘.__Gernsback is a native of the Grand Duchy of Luxembourg, not Belgium.
He is now editor and publisher of Radio-Crajt and other magazines.
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distance transmission. It regulated their transmission to 200
meters or less, their transformer input to a maximum of 1
kilowatt.

the end of the year approximately a thousand had secured theirs.

the middle of 1914, more than 5,000 were licensed. It is estimated

de Forest audion and made regeneration work. De Forest had

a patent claim for it. To this principle, many trace the use of

communications for a large section of the mid-West when all

severe storms.

out the country, and in 1914 Hiram Percy Maxim, president of

the message. Though message relays had often been conducted

new idea. The idea was for the establishment of the American
Radio Relay League, the first steps toward which were taken
on April 6, 1914. By September it had 237 member stations in

1915, the League—the A.R.R.L.—separated from the Hartford
club and was legally incorporated as a separate organization. The
first official A.R.R.L. magazine was published in December of
that year.

knows of the amateurs’ less spectacular but equally im-
portant contributions to radio. The annual Paley Amateur
Award (shown at right) is presented to the amateur who
“has contributed most usefully to the American people” .

for all operators, including the amateurs, whom it banished to the
limbo of the lower wavelengths, then considered useless for long-

Amateurs immediately began applying for licenses, and by
Another year saw another thousand licensed amateurs, and by

that an equal number of stations were operating without licenses,
on the old theory that “to err is human; to get caught is crime.”
Even the licensed hams did not permit their activities to be cir-
cumscribed by the law. If they felt like operating on 300 or
350 meters, they did so, and if the signals did not get out well
enough with 1 kilowatt input, they doubled or trebled the power.

Still the amateurs craved distance communications, and in 1912
Edwin H. Armstrong, 22-year-old ham, played around with a

discovered regeneration a year before, but had not as yet put in

oscillating tube circuits for both transmission and reception.

In March the following year, the amateurs established the
tradition that hams have carried on ever since—that they can
be depended upon to ‘“‘come through” in times of emergency. Ama-
teur stations throughout the country, and especially those at the
University of Michigan and Ohio State University, carried c¢n

other forms of communication were rendered inoperative by
During all these years there had been many radio clubs through-
a Hartford (Conn.) radio club, wanted to send a message to .
another amateur who was beyond the range of his transmitter. 1.

So he called another amateur who was nearer and had him relay

before, this was the first time that they had given anyone a really

32 states and Canada, paying no dues save in enthusiasm. In early

Zres
Zians

The war had broken out in Europe, in the meantime, and the
(Continued on page 618)
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F you want to go back for a as 1835, it was not usable until the de-
survey of the earliest radio cohcrer (a tapper similar to an eclectrie
parts, you will have to refer bell) was invented to jar the filings, in
to the work of a Washington, the tube, apart after they had been
D.C., dentist, Dr. Mahlon caused to cohere (stick together) by the
Loomis, who used such items incoming signal. Marconi patented
as kites, copper-screen anten- the coherer, which Sir Oliver /5
nas and galvanometers to send signals Lodge had suggested as a pos- "
a distance of 18 miles—in 1869! Later sible radio device a few vears

he turned his thoughts to a buzzer and earlier, in 1894. The de- ,"/ - ¢M~%fma

a spark-gap, which were to be actuated coherer in its usable /% > =
by the difference in potential between form was introduced Y
the carth and the higher atmosphere, in ’96.

where the kite held the antenna aloft. These devices
There is no record that he ever per- eo-existed for
formed this latter experiment.

The open rings used by Heinrich
Hertz in 1887-88—a low-value induec-
tance in series with an air gap—to dem-
onstrate transference of energy from a
circuit in which a spark was produced,
might be termed another form of early
radio part. But that likewise antedates
broadeasting, as we know it, by so much
that it may be considered the Stone N - / Py Lec- Diliclos —aiecl
Age of Radio. 7 fione 02/928 naC o€

WEAK NITRIC ALID
IN CuP

EARLY TYPES OF RADIO

COMPONENTS

More recent are the
electrolytic detector
and the coherer. Al-
though the latter
has been traced
back as far

_gﬂ 42728 Keleclors aocf 5)Qv
QUEIO7 (22, L @ detector, in

o 1907, was a
(;“/ great step for-

ward in this direc-
tion, since it provided
a very simple and eco-
nomical detector which
@9 was the most efficient of all
until the “triode” was made
commercially available. The erys-
tal detector was popular from the
yvear it was discovered until 1924, for
it permitted the construction of simple,
practical and economical reccivers.
Many various metal ores were employed
in this type of detector, some of which
were carborundum, galena, silicon, iron
pyrites, copper pyrites and zincite. The
coarser the grain of the erystal, the bhet-
some time with ter it was supposed to act as a detector.
the electrolytic Some manufacturers went so far as to
detector, until 1907, produce a detector with a multiple num-
although the electro- ber of crystal cups, so that any one
lytic detector was the might be rotated into position and the
more popular of the two cat-whisker placed in contact thercto in
because of its greater stability quick order.
and efficiency. The Fleming 2- About that time, primitive induec-
element rectifier, invented in 1904, tances were made. These were simply
and which we call the Fleming valve, long coils of wire, with two sets of taps.
while a revolutionary improvement The first 10 turns were each tapped;
and destined to be the basis for a still every 10th turn from there on was also
more remarkable achievement in radio, tapped. In this way, the experimenter
was never popularly used for the rea- could tune by cutting any number of
son that the “diode” was too insensitive turns into the circuit. These were still
to weak impulses. in use in the late ’teens and carly ’tw(«p-
Pickard’s invention of the e¢rystal ties, when many listeners were still
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Leyden jars. The first fixed condensers
and bypass condensers, as they were
classed, were heavy paper and tinfoil
affairs, very bulky and crudely made
as compared to present-day standards.
The method of winding them resulted
in building up an inductance as
well as a capacity,—although
the condenser manufacturer of
that day would neglect this
factor when specifying
the condenser’s value.

the latter for avoiding any stray induct-
ance which might exist in the pig-tail
itself!

The same argument took place over
variable condensers when those of the
inter-meshing plate type were being
advertised.

The variocoupler brought in its wake
the variometer—simply one coil inside
the other, the two ceils being connected
in series. Rotating the inner coil made
the combined inductance increase or
decrease—and sets could be tuned with-
out recourse to variable condensers over
a limited range of frequencies. It was
about 1925 when the variometer was
brought to its peak as the “Phusi-
former”, a trade name for a device of
this class using pancake (i.e., f{flat,
spiral-wound) coils.

Coils, for that matter, were being
made and sold in almost every con-
ceivable shape. There were the solcnoid
coils of standard design, pancake coils,
K spider-web coils (wound on a form
) @),  like the spokes of a wheel), honey-

o comb coils, toroidal coils (some-
; times referred to as “dough-
nut” coils), binocular coils
—made famous by Grebe
when he used them in
his commercial re-

2

IMPROVED PARTS
- Thenthevario-

ceivers, bank-
wound coils,

Farore Auiic Franaforrnerd
“Q K 79/8 - 1927. A M
& —

— . G :
winding their 3"0? ?
own induct- ¥ L
ances. ) 2

Of a comparable
period were the clock-
spring variable condens-
ers. These were made by
mounting two strips of metal,
insulated from each other, on a
frame, with their other ends
fastened to a shaft. Turning the shaft
brought the strips closer together over
a greater portion of their length, thus
raising the circuit’s capacity.

Another early farm of variable con-
denser made use of mercury for its “sta-
tionary” plate, the liquid metal being
sealed inside a flattened cylinder and
brought into capacitative relation with
a movable plate. This condenser, while
novel, had the distinct disadvantage of
being highly sensitive to vibration which
would affect the mercury and hence the
capacity which it created.

Gradually, condensers and coils were
improved. The loosc coupler, having a
primary winding sliding within the sec-
ondary, so that coupling between the
two could be varied, became popular.
For certain types of sets, sliders re-
placed the tap switches, which were re-
tained, however, when panels were used.
Book-type condensers, in which the
angular relation of a hinged plate and
a stationary plate, replaced the clock-
spring condensers and the still earlier
MARCH,
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random-wound

coupler began

to enter the
field, obsolescing
the loose coupler.

This new part had the
familiar tapped pri-
mary, but its secondary

was mounted on a shaft and
could be rotated, thus changing
its coupling. A dial could be at-
tached to the shaft, and an accurate

record kept of the setting. There was
quite a controversy between set builders
as to whether pig-tail connections to the
secondary were superior to wiping con-
tacts. The former were favored as
affording positive, noiseless connection,

1938
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,’s; coils and a year or two later, lemniscate coils, wound in the
BASKET- WEAvE 2

form of the figure 8.

& RAD\OMETER WMOLDED

THE “LOW-LOSS” ERA

Early in 1925, the industry became “loss conscious”,
electrically speaking. Constructors and engineers hegan to
worry about the R.F, resistance in coils and condensers, and
from then on everything had to be lowc-loss to be acceptable.
Dielectric end-plates which had supported the bearings in

,/ \D cou) variable condensers were discarded, the insulation being
goooen W—/§/7ﬁ/5 ? moved to the side, where it supported the stator plates. The
,\ G Q/T, -~ 7,'7’46&4/% substitution of metal end-plates was of even further ad-
vantage, for it enabled the set builder to reduce the effects

of body capacity to a minimum while tuning. One manufac-
turer of condensers held out to the end, advertising, “Don’t
be fooled by ‘Low Loss’ BUNK!”, but the public would not
heed, and condensers of the “low- loss" type are in use to this
very day,

Coils, too, came in for their share of attention from the
efficiency experts. The spider-web coils, stuck into position
with cement, had a spell of popularity. The solenoid coils
were liberally coated with similar “dope” and slipped from
their winding forms, of which only vestiges were permitted
. to remain as terminal and mounting supports.

- One manufacturer even went so far as to silver plate the
RS c@.t{.‘-ﬂa»‘ primary of his 3-circuit tuner (in this case, a variocoupler
20-24 f- % D with additional fixed winding to act as antenna coil) on the
> —senan (& assumption that the greater conductivity of this metal would
. ‘H @ improve reception. Some users reported that it did!
Shortly after the “low-loss” era, began the period of con-
denser plate curvature improvement, Variable condensers of
the inter-meshing type as first designed were of the
“straight-line capacity” variety. With the ever increasing
number of broadecast stations, it was found that on the lower
wavelengths many stations were crowded into a narrow
range of the tuning dial and spread too far out on the higher
wavelengths.

To correct this the straight-line wavelength condensers
were brought out, this curve being obtained by clongating
the shape of the plates a bit. While the new condenser some-
what corrected the condition of crowded tuning on the low-
wavelength end of the dial, it wasn’t completely satisfae-
tory for the reason that broadcast stations were being as-
signed wavelengths on a 10 ke.-separation frequency basis.

Hence, to get equal frequency changes over the entire tun-
ing range of the dial, the tuning condenser had to have a
straight-line frequency curve,—~which resulted in an era of
almost elliptically-shaped condensers, known as stroight-
line frequency condensers. One of the first and most in-
genious of these was the “square law’’ condenser designed by
Clyde J. Fitch; its triangular plates were meshed, point
first, by means of an ingenious screwthread gear svstem and
360° dial.

However, some manufacturers saw an opportunity to cash-
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in on the fact that many thousands of variable condensers of
the older style were already in use, or else available at
sacrifice prices, and figured that some device was necessary
to give straight-line frequency tuning with old-type variable
condensers,—and so was born the straight-line frequency
dial. Tt consisted of nothing more than an eccentric-shape
dise driven by a smaller dise by friction, so that slow vernier
tuning was accomplished on the lower wavelengths and
practically normal direct-drive tuning on the higher wave-
lengths.

MISCELLANEOUS PARTS

Variable resistors, too, found a ready market. Each tube.
of course, was supposed to have its own rheostat for most
efficient operation. Then vernier rheostats, some with ex-
tremely ingenious design for varying the resistance a frac-
tion of an ohm at a time, were sold. These were supplanted,
in the higher-price ranges, by compression-type rheostats,
which used piles of carbon discs or conductive powder, the
resistance being varied as a knob was screwed tighter or
looser. Subsequently it was learned that filament voltage
was not so critical, especially on the audio amplifier tubes,
and fixed, self-adjusting filament resistors, such as the
Amperite, came into general use as an effective means of
compensating the change in battery voltage between charge
and discharge.

Potentiometers were sold separately or combined in one
instrument with a rheostat—and even grid leaks were made
variable. One of the latter, sold at a high price, was actually
hand-calibrated in megohms and fractions thereof, but was
highly hygroscopic, and its actual readings varied with
changes in weather.

All during the set-building boom, which ran from about
1922 to 19381, kits were available. Some of the earliest were
reflex kits. Later the neutrodyne was sold in kit form, the
basic essentials being matched neutroformers (eoils) and
neutrodons (neutralizing condensers).

The condenser manufacturers were quick to take advan-
tage of this, and at least one was soon advertising sets of
2 and 3 individual, matched tuning condensers, the use of
which was said to make the dials “log” perfectly.

At about the same time, ganged condensers swung into
favor. Some of these used a common shaft, as at present, but
others used gearing and belts to tie together several separate
units. One popular model had plates of approximately square
shape, which were pivoted at the corners, both sets of plates
moving. In the early gang condensers, variable trimmers
were nearly always added to afford finer tuning.

Vernier dials were another part that was popular to
achieve the same end. Geared drives, and friction drives of
various sorts were employed to secure positive action and
freedom from backlash. (One prominent make of dials even
had a sort of gearshift lever for varying the ratio.) Re-
(Continued on page 642)
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ALEXANDER GRAHAM BELL'S FIRST MICROPHONE- (875

5]JCHOLARS have long debated
| whether sounds exist where
there is no ear to hear them.
Whatever the answer, for the
purpose of this article, sound
shall be considered to mean
atmospheric vibration at audi-
ble frequencies; i. e., between (roughly)
30 and 14,000 cycles per second.
These are set up by vibrating bodies,
such as a violin string, a trumpet
reed, a drum-head or the human larynx,
to mention but a few of thousands. Such
sounds travel for considerable dis-
tances through the atmosphere, and
even in ancient times it was found that
they could be directed by means of
megaphones or speaking trumpets.
But men wanted other, easier means
of transmitting their voices to com-
paratively great distances, without rely-
ing on sheer lung power. True, they had
primitive “telegraphs” such as the heli-
ograph, beacon fires and smoke signals,
but they wished to transmit the spoken
word.
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Practical transmission of sound began with the inception of

the telephone, hence it was

within this industry that the

first Microphone was developed. Credit for much of the im-
provement of this device, however, belongs to radio, as is
told in this story. Loudspeakers, Amplifiers and Phonograph

The first telephone was invented by
an English genius in 1667, who based
his work on the “bull-roarer”, an instru-
ment still used by African witchdoctors
and American sideshowmen. It consists
of a can, one end of which is covered
by a tightly-stretched membrane, with
a cord fastened in the center. This is
the device used by Robert Hooke in 1667
when he transmitted voice between two
distant points. Hooke linked two of
these instruments together with a
goodly length of string, which, when
stretched taut, permitted the vibrations
of a voice striking one diaphragm to
be transmitted along the cord to the
other. (Sound waves are transmitted
much farther through denser mediums
—such as cord and other solid materials
—than through air which is a compara-
tively low-density medium.)

Nearly 200 years went by before our
present devices were approached. It
was, in fact, 1854 when Charles Bour-
seul suggested that a dise, vibrated by
the voice, could be used to make and

break an electrical circuit to cause
similar vibrations in a second dia-
phragm. This idea was tried by Reiss,
of Frankfort, in 1860.

Another 16 years passed and in 1876
Elisha Gray, an American, invented a
system which caused variations in the
strength of a steady current. In the
same year, Alexander Graham Bell
connected two “receivers” together, so
that the diaphragm of one, actuated by
the human voice, generated in the pole
windings a current which was adequate
to cause the other receiver to operate,
reproducing the vibrations.

However, the currents generated in
Bell’s magnetic transmitter were too
weak for use over appreciable dis-
tances, so it was supplanted by a means
of modulating a constant current, thus
paving the way for the microphone.

DEVELOPMENT OF THE
MICROPHONE
Early laboratory models of the micro-
phone were simply a light base, sup-
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Sound E

Pickups are exclusively products of the radio laboratories,
Without vacuum tubes we would have had no amplifiers,—
no loudspeaker reception. The crude apparatus depicted
should amaze all those who are familiar with present-day
developments in high-fidelity radio and sound equipment.

porting two or more carbons in light
contact with each other, and in series
with an electrical circuit. Thus when
the base was jarred, the contact and
hence the electrical resistance between
the carbons varied, causing similar
variations in the current flow.

Crude and insensitive as this device
was, it formed the basis of the modern
carbon-type microphone, which merely
affords multiple instead of one or two
carbon-to-carbon contacts. The single-
button type consisted of a fixed carbon
dise, with a diaphragm-impelled carbon
disc suspended a slight fraction of an
inch away from it, the space between
them being filled with loosely-packed
carbon granules. This microphone is
sensitive, but does not cover a sufficient-
ly wide range of audio frequencies. It
was largely supplanted by the double-
button ‘“‘mike”, which has the diaphragm
supported between two such buttons.
This, while affording better tone qual-
ity, still retained many earlier defects,
such as variation in its characteristics

P -
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caused by changes in humidity, noisy
operation (carbon noise), carbon “pack-
ing”, ete.

Soon the condenser microphone, of
low power output but wide frequency
response, was developed. This was a
2-plate conderse1, the diaphragm com-
posing one of the plates. It was popular
in the late 1920’s. A preamplifier
(usually built-in), connected between
the regular amplifier and the conden-
ser microphone, was soon added to
boost the weak output. The ribbon-type
or velocity microphone became popular
about 1931, employing principles similar
to the “magneto” microphone which
Bell had used in his early experiments.
Shortly after, the crystal mike made
its appearance and at this time is the
greatest favorite because of its relative-
ly higher output when compared with
other types—excepting the carbon
microphone. The dynamic mike was
used many years ago, then dropped,
and lately has reappeared to compete
with today’s velocity and crystal units,

;

oidspeakry
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2 ELECTRO 4
MAGNETS

ELISHA GRAY'S MAGNETIC SPEARER-1879

Each have their special features and
following, and are individually adapt-
able for special work.

A connecting link between micro-
phones and loudspeakers (or repro-
ducers) appeared in the June, 1912,
issue of Hugo Gernsback’s Modern
Electrics magazine. The output of a
crystal-detector wireless receiver was
fed into a single phone. On the dia-
phragm of this phone, and connected to
a separate battery, was a small cup of
mercury, touching the surface of which
was a carbon rod, connected to one side
of a low-impedance phone unit, the
other side of which completed the bat-
tery circuit. A horn was positioned on
this phone unit, to act as a loudspeaker.

DEVELOPMENT OF LOUDSPEAKERS

The first reproducers, then, were
simply horns positioned correctly in re-
lation to simple magnetic telephone
units. Such horns were rather costly
and for this reason radio fans were
inclined to improvise sounding cham-
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bers, using bowls of various sorts, to
reflect and “amplify” the sound.

The main idea of a speaker was to
enable a large number of persons to
listen to a message or broadcast simul-
taneously, and simple gadgets were in-
vented to do this without the need for
speakers, as amplification was still in-
adequate. Among these devices were
phone caps attached to a multiplicity of
stethoscope tubes; plugs with terminals
to permit the attachment of two or
more pairs of phones; plugs incorpora-
ting switches so that phones might be
connected in series or parallel; multiple
binding posts (one type of which was
simply a short length of coil spring),
etc. However, though these served their
primary purpose, they did nothing to
relieve ears crushed by headphones.
Therefore the search for a loudspeaker
continued.

One of the earliest commercial types
was merely a horn, with a place pro-
vided for attaching a headphone unit
at its apex. Then came one that was
“twice as good”—it had arms to hold
2 headphones. Made of aluminum, such
horns sold for $10 and upward. Another
manufacturer made a similar horn of
papier maché and advertised it as hav-
ing “less resonance”, and sold it more
cheaply. Prices gradually declined un-
til the components were on sale in the
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Development of

“10-cent” stores. Numerous variations
were also produced, one of which was
a bowl with an arm to hold a unit at

its “focal point”. Still another type
attached a phone unit in place of a
phonograph sound head to the tone arm
of a phonograph.

But there were also deluxe speakers,
two of which merit particular mention.
The first, the Magnavox, because it em-
ployed the dynamic (moving coil in a
magnetic field) principle upon which
almost all present speakers are based.
The second, the Western Electric mag-
netic (moving iron in a magnetic field)
speaker, because it was generally sold
in connection with a 2-stage audio am-
plifier, the basis of present-day public-
address systems. In fact, it was the
invention of multi-stage cascade ampli-
fiers that made loudspeaker radio
possible,

But there were other innovations in
the early art of reproducers. Some of
these flourished for a time, but only
the dynamic speaker had a lasting
influence.

There came the horn with phone unit
built-in—the first real loudspeaker.
Then followed the phone unit with
movable pole-pieces, to adjust the air-
gap between diaphragm and magnetic
poles so that maximum volume and
sensitivity could be obtained without
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diaphragm rattle on loud reproduction.
There were also mica diaphragms with
iron discs riveted to their centers, to
improve sensitivity and tonal quality.
Then came the era of cone speakers,
at first actuated by magnetic units.
Cones of different sizes and shapes were
in turn popular; for a time the belief
existed that true fidelity could not be
attained unless the cone was 3 feet in
diameter. When this was proven falla-
cious, the field was explored further—
resulting in balsa-wood, airplane-cloth
and condenser-type speakers. All were
based on the cone-type principle, — i. e.,
a large, light mass driven by a mag-
netic unit. The mechanisms of these
cones were of the armature type, sim-
ilar to those used in Baldwin phones,
Later, the cone, smaller in size, was
combined with the dynamic driver—a
combination which has retained its
popularity ever since. Adequate re-
sponse over most of the audio range is
possible with this type of speaker when
correctly-designed baffling is employed.
With the inception of high fidelity,
however, there was a surge of interest
toward crystal speakers, to be used in
conjunction with reproducers of the
ordinary type. Known as “tweeters”,
the crystal speakers are made with
small cone areas, designed to em-
phasize the higher end of the audio
MARCH,
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spectrum. Many persons still believe
their use essential for optimum tone.
Today, the dynamic speaker of high-
fidelity design is seldom larger than 18
inches in diameter. The electromagnetic
field is eliminated in many cases, spe-
cial magnetized alloy metal having been
found to create a magnetic flux (or
magnetomagnetic field) about as high as
that obtained by electromagnetic means.

DEVELOPMENT OF AUDIO

AMPLIFIER

The link between the detected signal
and the loudspeaker is the amplifier.
At first the output of the detector was
fed directly into the reproducer. A little
later, mechanical amplification was de-
signed, but this was highly unsatis-
factory, as judged by present standards.

Then, in the early part of 1912,
de Forest with his associates Logwood
and Van Ethen discovered the tre-
mendous amplifying properties of the
audior. tube especially when used in
2. and $-stage cascade (one stage after
the other) amplifiers. They determined
the amount of amplification (or the
“amplification constant”) that took
place in each tube and explored the
field of amplifying transformer design
so as to increase this amplification. It
was this work and his discoveries in
this field that later interested the Bell

\ @%J‘v JM«(, naiox
edifier. C/v‘zal(w 1922.

quipn

System A.T.&T. Co., in the audion and
resulted in the sale of the audion to
this company.

After A.F. transformers were further
improved, and radiotelephony and
broadecasting started, early set builders
had a problem on their hands—whether
to use high-ratio audio-frequency trans-
formers for high gain, or low-ratio ones
for better tone and greater stability.
Audio stages oscillated and the ampli-
fication became distorted if too much
gain was sought, and a compromise
had to be effected. In fact, at least one
manufacturer brought out a trans-
former with tapped primary and sec-
ondary, so that the step-up ratio might
be varied at will.

The invention of the “C” (or grid)
battery circuit did much to improve
amplifiers, for the use of this potential
kept the grids of the audio tubes from
swinging positive and causing distor-
tion on loud signals. As mentioned in
the article on old-time tubes in this
issue of Radio-Craft, power tubes were
another important factor in the ampli-
fier field, but even before they came out,
push-pull amplification was in use, to
serve a not dissimilar end. For those
who wished greater output than was
possible with a single last-stage tube,
yet who did not wish to incur the ex-
pense of push-pull transformers, paral-

leling of output tubes was employed.

Perhaps one of the greatest inven-
tions during battery days was that of
Latour, who patented the use of a single
“B” or “C” battery on scveral stages.
The more antique diagrams show a
separate battery for the plate supply of
each tube in a set. This patent was of
particular value when eliminators and
power packs came along, for it made
it unnecessary to use a large number
of eliminators for a multistage set.

Nor can this article conclude without
mention of the Loftin-White direct-
coupled amplifier, which was highly
efficient when properly constructed. In
it, the plate of one tube connected di-
rectly to the grid of the following tube,
biasing being such that each grid was
negative, each plate positive, in respect
to its own filament.

Today, we have amplifiers that em-
ploy a minimum of tubes, have straight-
line amplification from 20 to 15,000
cycles, extremely high power output
and tremendous voltage gain without
the instability or other inefficiencies that
were predominant in old-time amplifiers.

Thus has been the progress of audio
reproduction. What the next step will
be, only time will tell. Most recent de-
velopments have been in cabinet and

(Continued on page 608)
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European and American

Specialtics and Novelties

ELECTRO IMPORTING COMPANY

87 Warren Street
NEW YORK, U. B A.

7 Rue Henri Maus
: BRUXELLES. BELOIUM
Copreight tpon

Old-timers, who became responsible for the amazing growth
of the radio set industry, took much of their inspiration

and experience from the catalogs and apparatus of the
famous E. 1. Company which, founded in 1904, was the
earliest in the field to supply wireless amateurs with their

HUGO GERNSBACK reagrmammsirmammmaymearmar

HE history of the E. I. Com-
pany really had its beginning
when I was exactly 6 years
old.

The entire course of my
future life had its direction,
probably, when my father’s
caretaker presented me with an electric
bell, a roll of lead-encased copper wire,
and an old French Léclanché wet bat-
tery. I remember quite distinctly now
that the thing which captured my
imagination was not so much the mys-
terious-looking wet battery, nor the
French-made, walnut-boxed electric bell,
but rather the mysterious green spark
which I observed at the platinum con-
tact points of the bell.

I also remember that this, my first
introduction into the mystery of elec-
tricity, did not end there; but for many
days I hooked and unhooked the battery
from the bell, and later on a pushbutton
was added which had been procured
somewhere. From this beginning I was
soon installing electric bells for friends;
as, indeed, in the town where I was
born—Luxembourg—there was only one
electrician at the time.

(For the record, let me digress here
for a moment, and state that I am
neither German, French nor Belgian;
though these various nationalities have
been attributed to me in various news-
paper and magazine articles for many
years.

(The Grand Duchy of Luxembourg is
a small, independent country of some
350,000 souls, sandwiched in a triangle

between Germany, France and Belgium.
At one time, Luxembourg was an im-
pregnable fortress, second only to Gi-
braltar; in 1867 various powers [includ-
ing England, France and Germany]
guaranteed the neutrality of the little
country if Luxembourg would raze its
fortifications, This it promptly did, and
this neutrality was not violated until
1914, when Germany invaded Luxem-
bourg just before its invasion of Bel-
gium. Luxembourg, by the way, is a
bilingual country, its inhabitants speak-
ing French and German with equal
ease.)

To get back to the bells, it wasn’t
long before I was making quite a good
deal of money by installing bells and
house telephones for friends and others
and, since my expenses were practically
nil, everything was clear profit—a con-
dition which I have never been able to
duplicate since that time.

My parents, who were well-to-do,
looked upon this entire electrician busi-
ness with sad misgivings, and my
mother watched the proceedings with
the same enthusiasm which a hen feels
when she sees a duckling which she has
hatched, take to the water.

Opposition, however, ever since child-
hood has never deterred me, and I kept
on importing my electric supplies, from
either Germany or France, until I
acquired something of a reputation in
my city.

My activity soon became known to
the Mother Superior of the Carmelite
Convent, a large institution occupying,

(The {llustrations on this page are identifled, by number, at the end of the article.)
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apparatus and literature. In commemoration of 50 YEARS
OF RADIO, the founder of that well-known company here

gives a comprehensive story of its history which will prove
of interest to old- and new-timers alike, telling as it does
of the birth of a major American industry.
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with my father’s estate, a high plateau
on the outskirts of the city of Luxem-
bourg. I was a frequent visitor to this
convent, and Mother Bodewing, the
Superior, took a liking to me which was
manifested by her presentation to me
of various holy pictures, which I
treasured highly. One day I was asked
if I could provide an intercommunica-
tion system for the Carmelite nuns,
from one cell to the other, so that the
nuns could speak to each other when
resting. The order of the Carmelites is
quite rigorous; the nuns, for instance,
use their coffins as beds, and wear very
rough homespun sackcloth for their
uniforms.

After a few consultations, a price was
agreed upon, and a number of tele-
phones and bells were to be installed in
the convent. When the material arrived
it was found, however, that although I
was yet only 13 years old, I was still
considered a man, and as such could
not enter the premises of the convent.
Indeed, Mother Bodewing had to get a
special dispensation from Pope Leo
XIII for me in order that I might enter
the convent. In due time this permission
arrived, and the telephone and bell sys-
tem was installed. Upon the completion
of the work, the Mother Superior pre-
sented me with a beautiful illuminated
parchment in gold and many colors,
testifying to the fact that I had, at the
age of 13, installed a telephone and bell
system to the satisfaction of the con-
vent.

With the proceeds of the profits made

(Tho {llustrations on this page are identified, by number, at the end of the article.)

from such telephone and bell installa-
tions I soon had assembled a creditable
electrical laboratory. Since my parents
did not encourage this sort of thing, I
found it necessary to buy all supplies
for the laboratory out of my own funds.

Not long afterwards, I learned about
the “wireless” research of Marconi and,
in a few days of hard work, had per-
formed his experiments. With erude
apparatus, I was able to send signals
across the room with ease.

These wireless experiments, however,
did not hold any great significance to
me at that time, because I was much
more interested in the mysteries of bat-
teries. Indeed, most of my money was
expended in making all sorts of pri-
mary batteries, and the designing of
batteries which could be used for light-
ing homes. This was a necessity in those
days, because, while the city already
had an electric power plant, the district
where we lived was not provided with
service and, consequently, we had to be
satisfied with smelly oil lamps.

It wasn’t long, however, before I had
electric light of my own, and had
equipped our house with a number of
lights also—all supplied by batteries
of my own design. The stunt in those
days was to find a good copper sulphate
battery, a type known to give a steady
stream of current without weakening,
and with it charge a storage battery
during the daytime; then by throwing
a switch at night, light was provided.
Of course, these lamps were of the
miniature variety, and each gave about
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1 or 2 candlepower when the storage battery was freshly
charged.

All this work was, of course, done after school, and the
work continued during my studies in Brussels (Belgium),
as well as in a technical college in Germany.

After the turn of the century—at the end of 1903—while
still in my ’teens, I decided I wanted to come to America to
exploit a battery invention, because I felt that there was no
opportunity in Europe for this sort of thing. The battery
which I had invented was a dry-cell fashioned like a storage
battery, with alternating carbon and zinc plates in parallel.

The trouble with the invention was that the thin ecarbon
plates had to be surrounded by a depolarizer and the
arrangement was somewhat too fragile. This battery, which
measured about 4 ins. square, and about 6 ins. high, never-
theless gave over 125 amperes on short-circuit and, under
normal current consumption, 1% volts. It was, however,
found impractical in my rounds through American battery
shops, because of its exceedingly high cost.

I modified the idea of my battery somewhat, and soon
found a partner; so we started to manufacture ignition
batteries for automobiles. This business succeeded, and would
have been a success except that the depression of 1907 came
along. A dry storage battery of my design which we were
manufacturing at that time, although successful, could no
longer be marketed during the slump, as most automobile
plants had closed down. So, for the time being, the battery
business ceased, and other activities took its place.

I had become acquainted with a young man named Louis A.
Coggeshall, who had been a telegraph operator with the
Erie Railroad Company, and I used to tell him about the
wireless experiments I had made while still in knee
breeches. He was much impressed with them; so, one day,
I constructed a small wireless set, and he became rather
enthusiastic about it. That evening we decided, right then
and there, to go into business. We wrote down a number of
names; but I was somewhat skeptical that we could succeed
by selling just a wireless set, and suggested that it would
be better to get out a small catalog and list in it a variety
of electrical supplies—a number of which we could procure
in Germany and France, from supply houses which I well
knew from my former connections with them.

I suggested the name of the Electro Importing Company,
which was later on to become famous as the first wireless
amateur supply house in the world. We took quarters in a
small office in the top of No. 32 Park Place, in downtown
New York, just a block from where the Woolworth building
now stands. No. 32 Park Place still remains as it was in
those days—the building stands unaltered.

One of our first investments was in a small 1 inch ad-
vertisement which we inserted in the January 13, 1906, issue
of the Scientific American. A similar ad was inserted in
an issue of Youth’s Companion at about that time. We were
blissfully ignorant of the fact that these were, later on, to
become historical as the first radio advertisements, whereby
a radio set was offered for sale to the public for the first
time in history.

The little set which we marketed was, of course, crude, but
it worked! I had gone Marconi one better, and invented a new
circuit, whereby only a single battery was used in a single
circuit. Marconi always used a separate battery for the
coherer circuit, and another for the decoherer circuit. I
combined both circuits into one, thereby saving a battery.
We applied for a patent on this circuit, but made the mis-
take of not employing a regular patent attorney since
Mr. Coggeshall, my partner, did the regular application
work himself. Many irregularities were found by the Patent
Office, as to form and procedure and the application had
to be sent back and forth so often that Mr. Coggeshall got
discouraged, and we forgot about the whole thing.

{The illustrations on this page are identified, by number, at the end of the article.)
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This wireless set which was called the Telimco (a coined
name made up from the words The Electro Importing Com-
pany) was priced at $7.50. Orders began to come in pretty
rapidly, and our only trouble was that we could not fill them
fast enough. One of the difficulties was in the coherer
filings, a mixture of silver and iron. Mr. Coggeshall had
under him the “filings department,” so-called, and it was
his duty to take good U. S. dimes and file them with a
coarse file, catching the filings in a small cardboard box.
These were then put into a glass bottle and kept there until
we mixed therm with iron filings in the proper proportion.

As manufacturers of the first complete wireless set, we
early had a brush with the law. It seems that some skeptical
readers of the Scientific American and the Youth’s Com-
panion thought that a working $7.50 wireless set must, of
necessity, be a fake; so they wrote letters to the Mayor’s
office in New York City demanding that we be investigated;
the advertisements on their face were apparently a fraud.
So, one morning, we were astonished to have a burly Irish
policeman descend upon us, demanding in a bellowing gruff
voice to be told just what sort of business was going on.
Naturally, we assured him we were making a wireless set.
The stalwart minion of the law bellowed in unmistakable
terms that it was impossible that we could do such a thing for
$7.50, and that, as a matter of fact, wireless was the most
expensive thing going, and no set could be produced for
less than $16,000!!

As our demonstration set was always hooked up, we asked
him to take into his own hands the receiving part, which
consisted of a board, not quite a foot square, on which there
was a battery, coherer, decoherer and relay. The coherer
was equipped with 2 mysterious looking antenna wires bent
in the form of an “L”, All the connecting wires were done,
in the then-prevailing fashion, in beautiful spiral curlicues
without which no electric apparatus was complete.

So there the cop stood in the middle of the room, balancing
the receiving set in his ham-like hands. I betook myself to
the end of the room where the transmitter (in the shape of
a 1-in. spark-coil, transmitting oscillator balls with their
antenna, four drycells and a transmitting key) was located.
I then asked the policeman to state how many times he
wanted me to ring the bell of the receiver which he had
in his hand.

“Four!” he growled. I depressed the key 4 times and,
the bell rang 4 times in the best wireless manner of the day.
The cop was nonplussed, but still couldn’t believe his senses.
He then asked me to vary the signals to 3; then to 6; and
finally to 12 Fortunately for us, that day the receiver per-
formed miraculously well, (It did not do so on all occasions,
due to some electrical disturbances in the building; usually
the elevator motor when starting, set off our receiver.)

The policeman put down the receiving set. He was plainly
astonished. Yet he had had his first real wireless demon-
stration—the bell had rung in his own hands without any
connecting wires between the transmitter and the receiver!

Let it be stated here that a New York cop is not defeated
so easily. His parting words, while he backed through the
door, must be recorded here for history. They may not be
grammatical, but they were to the point:

“I still think youse guys is a bunch of fakers. This ad
here says that you are selling a wireless machine, Well, if
you do, what are all them wires for?”

The wires to which the policeman referred were, of course,
the antenna wires and the connecting wires; and, technically,
we must baw to his superior judgment. He was right. Our
wireless set did have wires, and all radio sets continue to
have them to this day.

After the first furor which our set had created, there
came the inevitable slump, With the coming of summer,

(Continued on page 630)
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& ‘Qy Ever since the invention of communications, man’s mind has
played with the possibility of sending pictures — moving,
living pictures — winging their way through space. Even before
science had solved the basic problems of dividing each image

'—g— | ELEVISION dates back far
’f’\}jmore than 50 years, although

‘k | ary 27, 1926, when John Logie

3! Baird showed members of the
Royal Institute in London his
system reproducing images in black,
white, and tones lying between.

As early as 1860, however, Nipkow of
Germany, Carey of the United States,
and Senlec, of France, were working out
the first theories of this new art. The
former, indeed, devised the perforated
dise which bears his name, and which
was the accepted means of television
pick-up until about 1932, when the
Zworykin iconoscope, an electronic pick-
up, was proven to be much more ef-
ficient. This, however, did not solve the
complete problem; that of reception
remained.

> Home -consls ac@e«'/ Larly Felevtiiin 2
/&664%06‘1/ aém 1.926

FIRST PRINCIPLES

The art of sending moving images
through the air also owes a debt to
Lumiére, Edison and other early devel-
opers of the motion picture, and to the
numerous workers who devised halftone
engraving, for it makes use of principles
of which they took advaniage. Televi-
sion makes use of the limitations of the
human eye; i.e., the eye’s failure to sep-
arate a number of small, closely-spaced
spots at a distance from it (as in half-
tone engravings) and its tendency to

¢ ‘“see” an image a fraction of a second
-QD after the image has gone (as in motion
‘! pictures). Television takes advantage
of such “resolving power” and “persis-
tence of vision”. It breaks (in modern
441-line scanning) an image into near-
ly 200,000 dots or “picture elements”,
only one of which is upon the screen at
any given instant—the eye blends them
into a complete image.

Even the younger television engineers
can easily recall the days when televi-
sion images were composed of no more
than 516, 2,304 or 3,600 picture (or,
more correctly, “image”) elements (con-
stituting 24-, 48- and 60-line scanning,
respectively). Comparatively crude,
they yet permitted the presentation of
recognizable images and clearly fore-
shadowed the possibilities of television
as a means of public and home enter-
tainment.

Oddly enough, a successful television
experiment was described in the public
press only 7 years after the discovery
of the properties of selenium—and 4
years before the simplest scanning dise
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press of the United States by describing
an imaginary experiment in which a
selenium pick-up was used. It was not

many, invented the scanning disc, using
a spiral of pinholes to cover the objects
at the transmitter and the image at the
receiver in the process now known to
the television world as “scanning.”

THE NIPKOW DISC—BASIC

modifications thereof, was the basis of
television experiment. C. Francis Jen-
kins placed his apertures in the surface
of a cylinder, for example, while others
retained the dise form, but substituted
lenses for the pinholes, to pass more
light. The spiral form was still retained
in the early lens discs, however, and the
spot of light, having to be large enough
to cover both the first and last lenses in
the series, was largely blocked by the
uncut portions of the disc.

lenses, angularly displaced, William
Hoyt Peck was able to arrange these in
a circle instead of a spiral, and so was
enabled to concentrate his light beam to
a small spot, all of which was reflected

over wires late in 1937.

the sole basis for television development,
though it did mold thought in the art
for many years. Other early ideas which
must receive their meed of mention in-
clude the mirror screw, the revolving
prism and the cathode-ray tube.

ENTERS THE CATHODE-RAY TUBE

cathode-ray tube as an early system,
when it has won almost universal adop-
tion by the leading television labora-

mirror-drum scanner at the transmit-
ting end, and had upon it a number of
coils to generate synchronizing currents
to cause electrical scanning in the

He was not the first, however, to make
use of mirrors, for vibrating reflectors

into a series of electrical impulses, human brains conceived,
in a hazy way, some idea of how the end might be achieved.
This article traces the progress of the art from its inception
onward to its present state of high development.

(5l e | g

was invented! Calling the system “dia- | - : cez&/ajfz w{m'u_/a_»%d
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SCANNING MEANS
For many vears the Nipkow dise, or

Using a unique form of reflecting
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But the Nipkow disc was by no means

Startling, isn’t it, to think of the

tories of today? Yet Boris Rosing, a o e iy R T L i
Russian professor, was conducting tele- T I ‘W\:ﬂ\‘i‘“\‘:'f"«.’"’/‘l“”"“ﬁi}’ﬂé‘g'" b o Enllb i ase. ...-g'.', o
vision experiments with cathode-ray P 7 -45'@.‘; Sﬁé ?W%QR@W . ﬂ,h 4 I J““v
tubes as early as 1907. Rosing used a - G0 - Sl ; s "_‘

cathode-ray tube at the receiving end.
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had been used by Jan Van Szczepanik—a principle later de-
veloped along far more efficient lines by Priess.

While scanning has occupied the attention of television en-
gineers to a great degree, there has ever been the coexistent
problem of light-beam modulation. Szezepanik used a method
which was widely employed for a time—namely, directing
the beam (at the receiver) through a small aperture, from
which it was deflected for the more shaded picture elements.
It was not until some years later that the Kerr (or Karolus)
cell was used for the same purpose, but far more effectively,
in connection with polarized light.

OUTSTANDING TELEVISION TRANSMISSIONS

Television broadcasts have been on and off the air at in-
tervals since the late 20’s. The first of any major importance
were the broadcasts of television over WRNY, under the
direction of Hugo Gernsback, who sent out signals on a
broadcast wave, in 1928, using Pilot equipment. The next
step was taken by Jenkins, who radiated televised “sight
and sound” programs in connection with broadecasts originat-
ing at WGBS. Next, the Columbia Broadcasting System,
through an ingenious system of dual modulation, sent sight
and sound on a single wave.

The New York Telephone Company engineers, under the
guidance of Dr. Ives, sent natural-color images during this
period, but the images were so small and the cost of transmit-
ting and receiving equipment so large that the experiments
had little immediate practical value. Of greater interest to
the average radio fan were the rather dim, pinkish images
seen when peering through pinholes at the neon-tube plate.

THE NEON TUBE

In the late 1920’s and early ’30’s, the neon tube gave the
amateur television experimenter a means of conducting his
work at a moderate cost. For a few dollars, he was enabled
to buy a neon tube with an inch-square plate, to produce an
image of similar size, scanned by a pinhole disec, which he
viewed through a magnifying lens. Receivers of this sort
were actually marketed to the public by the Jenkins and
“American Baird” companies during that period.
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Reception was considerably improved when the mneon
“erater” tube was produced. This had a tiny “erater” of
brilliantly-glowing ionized gas, bright enough to project a
picture a few inches square when used with a scanner in
which lenses replaced the pinholes, to pass more light. Peck,
using this principle, showed images about 2 by 3 feet.

SCREEN-SIZE TELEVISION

John Logie Baird, of England, E. F. W. Alexanderson and
Ulysses A. Sanabria, of the United States, were early suc-
cesses with large-image television. Sanabria used lens discs
with a “neon are” light and “interlaced scanning”; Baird a
mirror drum, with a Kerr cell and are light. The same sort
of light source and modulator were used by Alexanderson.

Interlueing was an invention of no mean merit, as it de-
creased to a considerable degree, the flicker that was present
in straight scanning. In simplified language, it consisted of
scanning the odd-numbered lines completely, then the even-
numbered lines completely to form a single image, thus re-
ducing the “carry over” which the eve previously had to
make as the dot leaped from the end of the last line of
frame No. 1 to the start of the first line of frame No. 2.

A similar principle is used in the cathode-ray systems de-
veloped by RCA and Farnsworth,

CATHODE-RAY PICK-UP ‘“CAMERAS”

Dr. Viadimir Zworykin and Philo T. Farnsworth, working
independently, arrived at similar ends in the middle 1930’s;
these were the Zworykin iconoscope and the Farnsworth
image dissector. Both provide electronic means of scanning
an object, and translating into high-frequency electrical im-
pulses the picture elements which result. The number of lines
per image is 441 (roughly 200,000 picture elements per pic-
ture). In a 5 x 7 inch image (this is the equivalent of about
an 85-screen halftone—almost as much detail as the cuts in
this magazine which uses 100-screen). The images are
scanned at the rate of 30 complete pictures or frames per
second, using interlacing. (As we go to press we learn that
Allen B. Dumont has developed a new television system.
Read about it in the April, annual ELECTRONICS NUMBER, of
Radio-Cruft.—Editor) (Continued on puge 607)

b

Telaveacore Captera_:
Aol wearie atl o
447 Linea 193738, J

e R

@v\// /» g

Ahrneicas

7~ /aaf /nw‘{:t[&

937 38

—% -i\/ 40 “ ‘, .~ — [ i . S 7 ““W ;;;Wgw/'« /
‘ | 7 =g D
\%M é, & W - A e —j%«» 3

)‘w ,<~4!{ l& A \W@@\%w’/ A }v//a Sy @, 1 =
‘ P e ? - tian ’/‘4”51//@7

Sir i

e aeitre all N BC—
RCAH arevedl cZiclios -

. - . /937 38
/ “Lcc’(/w:«f, i\ Rl ¥ . — _— _NBG

- = vD. _
m _twesl (inesicaw) Lresmont
/. ~citct caldlodle e
te — 1937-°38. .
,/\\u\\m\:u’z’\(mv/am AT 2 A g3
- (Relaleve eecton of 25 loine 25
241 m,mm o Lot frilioue (HoT€ )

LIS

2,
.

S

N
!
a

RADIO-CRAFT for MARCH, 1938 579



"

m
-0

oz

) e
-r

7K

%M o/az/wz,
| Lt ~192 1))

| U
S 3&,

 Loudty Ailomont

3

= 5
_\,' i

Mudiotron, -

77>

7

HE “glow lamp oscillation detector” is
the heart of your radio set—for that
is what Dr. J. A. Fleming, of London,
christened the vacuum tube when he
adapted it to radio use.

Generally considered the pioneer in
the tube field, Fleming in reality was
merely one of a long succession of experi-
menters. It was his good fortune that thought
was being devoted to wireless communication
when he achieved his laboratory triumph.

1725 TO 1905

The basis of the vacuum tube was laid down
in 1725, when Dufay discovered that if one of
two spheres was heated, a current-carrying
path was formed between them. About 150
vears later, Guthrie proved that if an iron ball,
insulated, was brought to a red heat, it would
still retain a negative electrical charge, but
not a pcsitive one, and 7 years afterward, in
1880, Elster and Geitel added a plate to an
incandescent lamp. They noticed the walve
effect by 1889!

Approximately half-way between the two
latter dates (or in 1883), the Edison Effect—
flow of current from heated filament to posi-
tively-charged electrode in a partially-evacu-
ated tube-—had been noted. Sir William
Crookes had also conducted his experiments
and shown that “corpuscles” (small particles
of electricity, now called electrons) could be
made to flow between 2 electrodes connected
to'a source of electricity (such as a Wimshurst
machine), when the air between these elec-
trodes was evacuated. The electrodes were
sealed in either end of an elongated glass tube,
now called a “Crookes’ tube”.

In 1883, as a result of his association with
the Edison Electric Company of America,
Fleming began his experiments; in 1897
Thompson published the results of a research
into the conductivity of gases; and in 1905
Fleming (by that time with the Marconi Co.,
in England) patented his “glow lamp oscilla-
tion detector or oscillation valve”, for he had
found its valve (i.e., one-way) etfeet, and knew
that it would funetion as a rectifier.

INTRODUCING “MR. GRID”

For a time, due to theiv msen°1t1v1ty to weak
impulses, these tubes or “valves” met with
scientific interest but public apathy. Even
when, in 1907, de Forest added the 3rd element,
or grid, there was not much commercial ac-
tivity in producing the audion for two reasons.
The Marconi Company of England, which
owned the Fleming valve patent, claimed an
infringement since they asserted the de Forest
tube to be a Fleming valve with a grid inter-
posed. The basic patent was, therefore, Mar-
coni’s and de Forest could not make the tubes.

Also, since de Forest owned the audion
patent, Marconi could not make the audion, and
hence the audion situation reached a stalemate!
The second reason was that the crystal detec-
tors developed in the same year were far
cheaper, and the results nearly as good as the
audion.

The reason for the old audion’s efficiency not
excelling the crystal detector by proportions
comparative to later years, was because so
little was known of the precise phenomena
which took place and the attendant need for
very special precautions in manufacturing the
tube. The early audion was very “soft” or
gassy, and any plate voltage above (about)
30 volts would cause it to turn blue (gas
tonization) and make the tube inoperative.
Further additional plate voltage would result
in complete destruction of the tube. With such
low plate voltage plus the interference offered
to the electron flow by the gas molecules, it
was no wonder that the audion was only a
mite better than the crystal detector. Hugo
Gernsback’s E. I. Co. was the first to sell
audions to the public in 1911,

By this time the diode (2-element) and
triode (3-element) tubes had undergone con-
siderable analysis, and out of the analyses had
come—and gone, thank goodness—many weird
and fearsome designs. One of the most in-
triguing of these was the “external element”
—either the plate, or the grid, as the case
might be; numerous variations were tried and,
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in the final analysis, discarded, by many
experimenters, including, Hugo Gernsback.
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The general idea was to effect operation even
through the glass wall of the tube; it worked,
too, as real “old-timers” well recall!

HIGH-VACUUM TUBES

All these defects were eventually overcome
as a result of Langmuir’s rescarches into high-
vacuum lamps (1912-1913) at the G. E. labora-
tories, and (almost simultaneously) Arnold’s
work in the same field for the Western Electrie
Company, a subsidiary of the American Tele-
phone and Telegraph Company. While Lang-
muir’s work was a result of incandescent tamp
problems (although his discoveries atfected the
whole field of vacuum bulbs), Arnold’s re-
search was more directly centered about the
audion—since de Forest had otfered the tube
to the A. T. & T. Co. in 1912, and theyv under-
took to improve it for repeater (amplifier)
operation for long-distance telephone com-
munication.

In 1914, as a result of the A. T. & T. Co.’s
work, the de Forest triodes were first used
successfully in sending telephone messages
from one side of the continent to the other and
in the following year, in telephony from Arling-
ton, Va., to both Paris and Honolulu.

The World War, of course, spurred activity
in communiecations as well as in other fields,
and while only gaseous or “soft” tubes had
been available before, so-called “hard” tubes
made especizlly for the Navy somehow got out
to the public towards the end of and just after
the war. Their superior operation and efficiency
as compared to the old audion, resulted in a
great demand, by amateurs, for good “hard”-
vacuum tubes.

As a result of this demand for tubes by
amateurs, we find numerous manufacturers en-
tering this field in 1916-1919 and marketing
their products—patents or no patents! Those
first tubes will remain indelibly impressed on
the memory of every old-timer. The “Moor-
head”, the *“Electron-Relay”, and the “Audio-
tron”—first with its double filament (in case
one burned out), then later with a single fila-
ment, the various types of de IForest tubes—
long tube-shaped (type T) and spherical, as well

- =

@)

as the Western Electrie-made VT-1, VT-21 and
VT-2. When used in regenerative circuits with
about 221% volts for the plate—nothing that
was ever made before for detection could touch
them. Then, one day in 1920, the newly-formed
Radio Corp. of America, with patent privileges
retained from the old Marconi Company of
America, began to make the Marconi VT tube
and warn other companies that it was in-
fringing on its Fleming patent.

THE “UV” SERIES

In 1921, RCA released the UV 200 (detector)
and UV 201 (amplifier), both triodes with
hrass shells known as the UV base, and incor-
porating a filament that required one ampere
at 5 volts for operation. Previously, during
July, 1920, the General Electric Company
(which was manufacturing the tubes for
RCA) made arrangements with the American
Telephone and Telegraph Company, owners of
the de Forest 3-element audion patent, so that
by an exchange of radio patent privileges each
was allowed to make tubes without fear of
litigation. Shortly afterwards, the UV 201A
(thoriated filament) tube was developed and
released, a far better tube than the old 201 in
many respects, especially since the filament only
consumed one-fourth of an ampere and hence
materially reduced the drain on the “A”
battery.

Many of the early tubes had oxide-coated
tungsten filaments, and operated at low bril-
liancy—such were, for example, the WD11's,
the 200 and 201. Meanwhile the laborataries
had been experimenting with thorium, and
found it to be an eflicient emitter of electrons.
Consequently, in 1922, tubes with filaments
both coated and impregnated with thorium
(200A and 201A) came into general use.

CONTEMPORARY DEVELOPMENTS

A digression here may not be amiss. These
early tubes were high in cost as compared
with tubes of today; they were not especially
durable, and were easily damaged by being
operated at too great a filament potential. Also,
despite the ever-expanding facilities for tube
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manufacturing by the G. E. Company and
Westinghouse (which were also manufacturing
the tubes for RCA by this time), the supply
could not keep up with the tremendous demand
which was caused by amazing sales of re-
ceivers and parts as a result of the growth of
broadeasting. Therefore, there sprang into
being a new industry—the rebuilding of radio
tules; new filaments inserted for a dollar or
two. Usually the repaired tubes had imperfect
vacuum, but no one seemed to mind. At the
same time, tube reactivators were put on sale
for public use. These devices served to *boil”
new thorium out of the wire at a high filament
temperature, then “bake” it fast to the surface
of the filament at a temperature only slightly
higher than that used for normal operation.
No plate potential was applied during this
process.

The next advance was the low-current tube
—the 199 (1922), which used only 60 milli-
amperes of filament current. This was im-
portant to fans who had to buy drveell “A”
batteries or have storage “A’s” recharged.
After that, we find the trend going back to
“soft” or gassy tubes for detection purposes.
The 200A is an example, as well as the Donle
sodium-vapor detector tube made by Connecti-
cut Tel. & Tel. Co.

1926—POWER TUBES AND RECTIFIERS

In 1926, the early power tubes, such as the
120, the 112 and the 171 came into use. These
afforded greater undistorted output and hence
better reproduction than was formerly possible.
The 210 and 250, usually used with a lighting-
line filament and plate supply, soon followed.

The “B”-eliminator became popular in 1926,
and as a rectifier the 80-type (filament) tube
and Raytheon BH (helium-filamentless) or
“cold” tube shared honors, although the latter
tube is now practically unheard-of. All these
types up to this date were known as direct-
heater tubes.

1927—CATHODE-TYPE “INDIRECT-
HEATER” TUBES

Then came 1927, with increased intevest in

1

A.C. all-electric sets, and we find the 226 and
227 tubes released by the tube manufacturers.

The 226 is a tube whose filament is slow to
respond to the cyelic changes of alternating
current, and, therefore, could be connected
across an A.C. supply of 1.5 volts without
causing hum.

The 227 employs a cathode, and is known as
an indirectly-heated tube and for that reason
was perfect for A.C. heater operation. Soon
other A.C. tube niodels were produced, and the
battery-operated tubes were pushed out of
the radio picture, save for use in locations
where electric mains were not available.

1928—SCREEN-GRID TUBES

In 1928, the screen-grid tube was released,
type 224 for A.C. sets and 222 for D.C. sets.
These tubes had tremendous amplifying power
(as compared to old triodes) as well as in-
herently lower internal tube capacity.

The screen-grid tube did away with the
necessity for neutralizing R.F. stages, and re-
sulted in a more stable and sensitive receiver.
In fact the amplification of this screen-grid
tube was so great that local stations were
tuned-in sometimes interfering with each other,
sometimes so that they could not be “turned-
down” soft enough. Special dual volume con-
trol circuits were necessary, as well as local-
distance switches to reduce the antenna signal
to the set on local stations.

The defect was known as “‘cross-modulation”
and worried engineers no little, until 1931
when variable-mu tubes such as the ’35 and ’51
(by this time it had become the custom to use
an apostrophe [’], later dropped, in place of the
first of a tube’s 3 code numbers) were released
along with a power pentode—the 47 tube.

PENTODES

The new power tube was more sensitive and
could be satisfactorily driven by the output of
an average detector stage and still give higher
power output.

In 1933, multi-purpose tubes were released
such as the 2A7, 58, 2B7, 55, etc., to be followed
shortly by similar tubes but with heaters re-
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quiring 6.3 volts instead of 2.5 volts. The 6A7,
78, 6B7, ete., are examples. Also, in this year,
the acorn tubes were developed as a result of
research in the ultra-highfrequency field.

1935—METAL TUBES

The final stage in the development of tubes,
to date, is the now famous metal tubes, and
the secondary emission tubes. In theory, the
metal tubes are a marked improvement over
the glass tubes, since they are smaller, entirely
shielded and,therefore, better for efficient, stable
circuit operation. The *sccondary emission”
type of tube, in its most advanced design, is
perhaps best represented by the electron multi-
plier introduced in the winter of 1935-’36 (See
Radio-Craft, Jan. 1936, pg. 391.); its design
makes possible a gain of several millions (i.e.,
amplification about equivalent to that of 6 or
more ordinary tubes). The “electron multiplier”
tube makes possible heretofore unattainable
results in the field of television. All in all, the
vacuum tube development from Fleming’s
early diode has been more than satisfactory,
and in no small measure responsible for the
great improvement in the operation of present-
day‘ radio receivers.

CONTEMPORARY DEVELOPMENTS

All vacuum tube developments, however,
were not along “receiving tube” lines only. In
the early part of the 1930’s we find tube manu-
facturers considerably interested in various
other applications of “electronies”, as a conse-
quence of which numerous strange types and
special-purpose tubes have been developed.
Their continuous research into the problems
relating to tube operation and production made
the evolution of special tubes designed for a
specific though relatively foreign application,
comparatively simple.

Specific types, with which we are now all
familiar, are the various types of photocells
including the caesium and the miniature RCA
types 922-923: the cathode-ray, of which we
now have various sizes ranging from a I-inch
in diameter screen to 10 inches; the electron-
ray tuning indicator tube; the “iconoscope”, a

T

special tube for television pick-up purposes;
the beam-power tube, used essentially in high-
power amplifiers for obtaining tremendous
power outputs; improved-efficiency transmit-
ting tubes, by using graphite or carbon anodes
for reducing plate losses due to the tremendous
heating of this element when operated at maxi-
mum ratings. Also, concerning transmitting
tubes, the improved construction of present
types enables more stable and improved opera-
tion on higher frequencies.

Apace with these developments, we find im-
provements made in rectifier tubes—in some,
the inclusion of mercury vapor which ionizes
when the filament becomes heated and thus
aids the conduction or flow of electrons between
plate and filament. In addition, special types
of thyratrons have been developed for inverter
equipment, the release of which has done much
towards solving many special problems in in-
dustrial fields.

It is perhaps best that mention be made here
of special tubes still in the laboratory and in
the process of being developed, the release of
these tubes pending the solution of some prob-
lems which retard their efficiency and hence
application in the radio and electronic fields.
These tubes are of the “cold-cathode” variety,
no filament or heater being employed although,
it must be emphasized that no immediate
promise for their future release to the public
is in sight.

Due to lack of space we have not been able
to discuss transmitter-tube developments.
In general, though, they have paralleled the
development of receiving tubes; and, in fact,
almost all the low-power transmitting tubes,
for many years, were taken from the field of
receiving-type tubes. Public address and clec-
tronies, two newer applicational fields, tell the
same story; only within the last 3 or 4 years
has there been any evidence of other than regu-
lar radio receiving tubes being applied to these
fields. But the march is on! Today, it is esti-
mated that there is an approximate total (radio
receiving and transmitting, public address,
and electronics general and special-service) of
about 500 types of tubes; tomorrow?—
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The circuit or “hook-up’

* was the all-important thing

in the old-days, since with few stations and relatively
inefficient equipment this was the factor to which was
attributed the sensitivity or “DX” ability of the set.

HERE’S not only a “new
school” but also the “old
school” in radio, today, but
we know that the members of
both fraternities will pause
here to pay deserved tribute

to the famous old circuits re-

printed on these pages. The new mem-
bers will recognize them as being mile-
stones in radio progress, and perhaps

also as basic principles which served
as a strong

structure or foundation

upon which radio was built. The older
members will see in them intriguing
days, when radio was anybody’s oyster,
and fame and fortune were heaped upon

him

who helped accelerate radio’s

march forward.

ceivers employ the

commercial re-
superheterodyne-

Today, almost all

type circuit, some with engineering re-
finements such as automatic volume and
frequency control, yet, basically, still
the superheterodyne. Considering pres-
ent conditions and equipment this ecir-

¢ cuit is acknowledged to be the best,

since it results in the most selectivity
and sensitivity for a given number of

¥/ tubes with a minimum of parts. How-

ever, in the old days—with very few
transmitting stations in operation (and
most of them low-powered at that), and
these spread all over the globe, plus

7,

7200 )

relatively inefficient equipment such as
coherers, and electrolytic and crystal
detectors which required trigger-like
adjustment—the experimenter or oper-
ator was continuously devising new ecir-
cuits to increase his receiving efficiency.
It must be remembered that vacuum
tubes, or the «udion—as it was first
known—were relatively unknown or too
expensive in the very early days. Later
on, when they were first released com-
mercially they were rather emotional
in their operation (due to imperfect
construction and evacuation), and far
less efficient than later models when
production methods and equipment
were improved. Consequently, the “cir-
cuit” of the receiver was the thing that
made it “tick” satisfactorily or unsatis-
factorily, and the dream of every ex-
perimenter, in those days, was to build
a receiver with a circuit that would out-
distance any ever built before.

The old single-, double- and triple-
slide tuner and lodse-coupler erystal
set circuits, as well as the ghosts of
other old-timers, are shown here in the
border. Mareoni’s first coherer and
decoherer receiving circuit, as well as
the auto-coherer by Solari, head the
list since they were the first practical
receiving circuits. The Fleming Valve
and outside-grid vacuum tube circuits
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Those which had the greatest appeal, and hence gained
everlasting fame, are herewith reprinted. Incidentally,

many still form the basic groundwork upon which the
more complicated, modern radio receivers are designed.

are also shown, to illustrate the first
vacuum-tube circuits that were ever
conceived. These were followed by the
more popular de Forest Ultra-Audion
and Single-Circuit regenerative cir-
cuits, although there were dozens of
combination pateh-type ecircuits in the
interim (using tubes and crystals).

Later on, multiple tuned circuits be-
came popular, using honeycomb coils
to cover a wide-range of tuning fre-
quencies. About the same time we find
that variometer and variocoupler ecir-
cuits, for tuning both plate and grid
circuits and for regeneration control,
became popular. These were followed by
the still internationally famous Rein-
artz circuit, the Super-regenerative and
Flewelling circuits, Hazeltine’s Neutro-
dyne, Armstrong’s superheterodyne
with its multitudinous dials (when it
first came out), the Reflex—and Grimes’
variation called the Inverse-Reflex,
Cockaday’s Four-Circuit Tuner, the
Ultradyne—a different type of super-
heterodyne created by Lacault.

Oh, yes,—we mustn’t forget Colpitts,
Hartley and Meissner whose circuits
now form the basis for most trans-
mitters in amateur and commercial
work, as well as simple short-wave re-
generative sets. And, finally, the first
batteryless receiving ecircuits, de-

veloped in the early days of broad-
casting when the erying publie had its
fill of erystals, storage batteries, elim-
inators, trickle chargers and other
wasteful and devastating components.

While pet circuits are still the hobby
of some experimenters—especially the
short-wave fan who always strives to
accomplish much with limited parts
and finances—we do not hear or see so
much of stunt circuits. The reason for
this may be attributed to the develop-
ment of screen-grid tubes, from the old
224A (or ’'24A) to present-day high-
efficiency types. The inherent character-
istics of modern tubes are such as to
provide tremendous amplification, great
selectivity (due to variable-mu char-
acteristics) and inherent eireuit stabil-
ity due to the extremely low internal
capacities of such tubes. Consequently,
after the sercen-grid tubes were first
released, the neutrodyne or other self-
neutralizing circuits became obsolete,
and simple T.R.F. (tuned-radio-fre-
quency) circuits without frills or in-
novations became the stand-by. While
the T.R.F. circuit is not now as popu-
lar as the superheterodyne, it is still
employed in a great many commerecial
receivers because of its simplicity and
low production cost.

Today we have the most sensitive and
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selective receivers ever developed, be-
cause of the superhet circuit and with
this circuit are combined many new,
novel refinements, comparatively re-
cently discovered. Specifically, these re-
finements are ‘“‘automatic volume con-
trol” (A.V.C.), “noise suppression con-
trol” (N.S.C.), “automatic frequency
control” (A.F.C.)—which permits a
circuit to adjust itself to proper reso-
nance when the operator tunes a set
too casually—and, finally, “automatic

b tone control” in quite a few of the bet-

ter receivers. These circuits are not
shown in these pages for the very
obvious reason that they have been dis-
cussed and shown very frequently and
in very recent issues of this magazine.
Perhaps some day they, too, will be con-
sidered obsolete, useless, in much the
same light that we look upon the cir-
cuits of “old”.

While none of the circuits are given
here for the trickle chargers and “A”
and “B” eliminators of that era, despite
their role of importance in the progress
of radio receivers, it is perhaps best
that they are omitted for the simple
reason that they were more infamous
than famous. Undoubtedly, most of the

Bincing post for
------- gx/gf/?ﬂ/ cof

5 4
ting end & @l B
., Inside. br SIZ17G

“—L— -

DK mrr
S R X T

FLEWE(|jNg
CIRewiT,

POPULAR SINGLE-CIRCUIT REGENERATIVE CIRCUITS.

it Jo Detector

41&—1
Todetector
’ﬂk/!{/a’l

(H—

~1923~

ULTRADYNE

! 7 % “a‘
20X 3

ST T o oo 5
R R R w a2 = p
S o 7

586 RADIO-CRAFT for



Hmlmﬂ"luluu:mrmwmxnﬂljuu%ﬂm""mnu!ﬂ”""""‘”"”’”l"””““"""W’"%%””‘""’"“’"!!:i;l gy
i 0 1 , unig ....“”,m,,”““'"“HHI il '“""'fl"" o LA e ]
NN R AW ‘.mﬁﬂlﬂmmumumlﬂﬂmmﬂmmfumuumHNHWWMHMWmuummﬂll(m

e ~- m\\\\?\i\\\\\\\\\\\\\\\\\\\\\\\T\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

them more for the nuisance which they gozs E

created than for their historical role 002 MG s0v.
in radio. Concerning the first really
“A.C.” (alternating current) electric
sets which came out shortly afterwards
(1927), those employing the types 226
(’26) and 227 (’27) tubes, their era
was so short and the circuits so easily
available in various manuals that it is
considered unwise to reprint them.
After all, the real old-timers—such as
the aforementioned-—are the ones which
made history, and which gave the ex-
perimenter of those days the real thrill.

STABILIZER
1000 OMS

iMEGE s S

Of course, the story would be incom- e A, ks 'I’“"
plete if we were to leave out the circuit s Semouno = T T
of the newest modern receiver, with all WSZ& GRIMES INVERSE DuPLEX (REF
refinements such as A V.C, AFC,
pushbutton tuning, visual tuning in- 4'?’ —
dicator, etc., etc. Radio circuits have 150! M S
traveled a long way in 50 years, and the N e Bl D g .o
final diagram (the RCA model 811K, Py i
shown below) tells the story better with ;éoo, 4 h ik |
one illustration than could mere words. nF h

Here they are,—all On Parade! How B L
many of them do you remember, and
how many have you tried out in your i -~
time? What fond reminiscences they -
bring back as we look them over!
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The wireless stations recalled in this article will undoubt-
edly bring up fond memories to every old-time operator.
The names of the “ops” who operated these stations in the
old days may no longer be remembered but the service they

EFORE wireless came about,
when a ship left land it was
never heard from again until
the day it returned to the
same port, unless some other
ship brought in news or
tidings, or perhaps even some
mail exchanged in mid-ocean. When
wireless came along that picture was
changed, since its first adaptation was
for ship-to-shore communication al-
though some of the first stations were
intended to replace the telegraph and
trans-Atlantic cable in the art of com-
munication.

The first commercial wireless station
was, naturally, Marconi’s, and was
erected in November, 1897, at Alum Bay
on the Isle of Wight, England. The sta-
tion employed an antenna consisting of
wires stretched between masts that were
120 feet high, and many messages were
sent from this station to an experi-
mental station located on a steamer.
These tests were designed to show the
feasibility of ship-to-shore communica-
tion, and the first record of a paid-for
message by wireless was made in June,
1898, when Lord Kelvin came to this
station and sent a message, for which
he paid, to another station at Bourne-
mouth, approximately 14 miles away.

From then on, ship and shore stations
were installed rapidly, and we find Mar-

o bt
! i .‘ | . ﬁfﬁh!—*‘ P

coni’s company interested in spanning
the Atlantic. With this in mind, he had
already installed (in 1901) a powerful
station at Poldhu, Cornwall, England.
It employed for an antenna system
20 masts, each 200 feet tall, arranged
in a circle 200 feet in diameter. After
it had already proven that it could
reach ships far out at sea, Marconi
then traveled to St. Johns, Newfound-
land, and after some experimental work
was able to hear the letter “S” (8 dots:
“. .. ”) transmitted by Poldhu. Other
difficulties arose, and it wasn’t until
1902 that Marconi was able to return
to the North American continent to
erect his station for trans-Atlantic com-
munication. When he did, he selected
Glace Bay, Cape Breton, Nova Scotia,
and on December the 17th of that year
the Governor-General of Canada and
the King of England exchanged greet-
ings through the facilities of these two
stations.

These were the forerunners of com-
mercial ship and shore stations to which
wireless operators were destined to
listen eagerly for communications,
press, instructions, weather vreports,
ete. In the United States, between 1904
and 1908, the United Fruit Company
found it advisable to erect a number
of shore stations so ‘hat its fleet of
steamers traveling to southern climes
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rendered and the role that these stations played in the days
when they constituted the single meagre ethereal thread
which permitted contact between ships and distant shores
will always remain alive and vivid to all seagoing operators.

could be contacted at will. These early United Fruit sta-
tions were located at Limon, Costa Rica and Bocas del Toro,
Panama. Before 1908 this company had added more shore
stations located at Nicaragua, Cuba, Guatemala, Louisiana,
and Swan Island in the Caribbean Sea. In 1904, de Forest
installed 5 large Navy shore stations at the following loca-
tions: Pensacola, Key West, Guantanamo, Colon (Canal
Zone) and San Juan (Porto Rico).

Arlington (NAA) didn't go on the air until February,
1913, although the installation was started in 1909. Its first
signals were made by a 100 kw. spark transmitter of Fessen-
den design, but this was replaced shortly afterwards by a
30 kw. “arc” transmitter which was much more efficient.
From then on, arc transmitters were preferred by the Navy,
and Arlington results were the criterion. The Eiffel Tower
station (old “FL”), in Paris, began its transmissions in the
latter part of 1912, and Time Signals from this station were
transmitted regularly.

LONG-WAVE STATIONS

An interesting point, with which only real old-timers would
be familiar, is that many of these atorementioned stations
operated on extremely low frequencies or very high wave-
lengths, although the best results are obtained today in the
opposite direction, ie., ultra-highfrequencies or low wave-
lengths.

Arlington, or NAA as the veteran wireless operator would
refer to this station, for instance, operated on a wavelength
of 6,000 meters. Eiffel Tower, or FL, operated on a wave-
length of 10,000 meters; Nauen (Germany). or POZ, operated
on 12,600 meters, and NSS (Annapolis, Md.) operated on a
wavelength of 16,900 meters or approximately 18 kilocyecles
—a frequency now considered on the fringe of the audio

(Continued on puge 619)
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T he author of this article, who has
been successful in predicting radio’s advances
since the days of Guglielmo Marconi,

here surpasses

LB BT O T T TR T e e A e A N T T ORI HUGO

] O much has been written about
the supposed future of radio
that forecasting often be-
comes a commonplace gesture,
and frequently the predictions
are no longer taken seriously
either by the radio industry
or by the public.

I have never taken any particular
pride in all the many predictions which
I have made in the past (many of
which have come true) because, after
all, others could have done the same
thing if they had thought long enough
about the subject, and legically plotted
a curve of the future. Such predictions
are not as difficult as it might appear,
nor are they particularly miraculous
either. Any industry, and science in
particular, always follows a well-
planned path which can be predicted

No sound will be heard an inch from the receiver!

with fair accuracy by almost anyone
who takes the trouble to do so.

Radio is no different, and what prog-
nostications I have made in the past
were always based upon actual needs
of the industry; that is the only reason
why I have lived to see the fulfillment
of many of my predictions.

What I have to say in the following
paragraphs follows along the same
plan, and while some of the ideas may
sound impractical at the present time,
remember that many of the other pre-
dictions which I made sounded equally
foolish and preposterous when I made
them.

As I have stated before on many
occasions, radio is still in its earliest

590

infancy. As a matter of fact, the entire
art remains extremely crude. Perhaps
in 100 years or so, radio will really
become a great art, which it certainly
is not today.

Many problems remain to be solved
because most of the instrumentalities
which we use in radio today are ex-
ceedingly infantile. In other words, I
deliberately make the statement that
radio still is in the cradle, and the lusty
young infant has not as yet started to
crawl, let alone walk. To be sure, we
have advanced a great deal in the art,
but not more so than a six-months-old
infant has progressed along the road
toward manhood.

While we have made some progress
with interference between stations, and
those that overlap, much remains to be
done. While we think that today’s sets,
particularly those of the superhetero-
dyne variety, tune sharply, the next two
decades will show a complete revolu-
tion in this phase alone. Radio will not
be satisfactory until the day when
there will be no cross-talk between
stations themselves, and even no hetero-
dynes from distant stations operating
on almost the same frequency.

It is quite likely that our entire ideas
as to tuning will be thrown overboard
twenty years hence, and that we will
use entirely different means to accom-
plish tuning. The day may come when
we will use neither the present type of
tuning inductance nor today’s type of
condenser. Indeed, we may not use
inductances or condensers at all in the
present accepted sense of the word.
While we have made headway in the
elimination of man-made, as well as
natural, static, we have done so at the
expense of power. In other words, we
have increased the watts output of
our radio stations in the firm belief that
by having great enough power. the
emitted signal from the station will be
sufficiently strong to override and blot
out whatever static there is. This is
akin to shouting at the top of our
voice in order to make a partly deaf
man hear us, when it might be much
better to otherwise devote our energies
to improving a man’s hearing, and then
converse in a normal tone of voice.

In other words, the power of the
broadcast stations has lulled our radio
engineers and designers into a mental
state wherein many think that the

RADIO-CRAFT

problem is really solved when, indeed,
experience shows that real engineering
work has to be done in the radio set
itself by means of filters or other de-
vices. The very fact that our radio sets
are becoming more sensitive all the

No matter where you may be, you will be reached—

time makes a crying need for noise
elimination not only out in space, but
within the set itself, because we have
not only noises from static but from
within the tubes. All of these problems
deserve much more attention than they
get today.

Our broadcasters are spending untold
fortunes on the very best of programs,
and the finest music that was ever
heard on this planet. So when we listen
to a Toscanini concert it is the height
of absurdity to have such a program

MOLECVLAR
VIBRATOR

Learn while you sleep, in your radio receptor bed!
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his former achievements by stating
along what lines the ramified art of radio will

develop in the not-so-distant future of the industry.
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marred with all sorts of noises which,
believe it or not, will no longer be heard
in a radio set 25 years hence. It means
that new principles and new discoveries
will be made to slay the monster—Noise,
and I have the firm belief that the time

—through micro-wave broadcasting and pocket sets!

will come when we will really have
noise-free radio receivers.

This brings us to the radio set itself.
We are now going through a curious
cycle of development. When we had no
loudspeakers we bemoaned the fact
that we had to sit at our sets with
headphone receivers clamped on our
ears. Then when the loudspeakers
finally freed us from the head gear,
bedlam was let loose in an otherwise
quiet world, and the thing for which
we wished so ardently has now become

Your watch-size pocket receiver will be self-powered!

RADIO-CRAFT for MARCH,

an annoying pest which again threatens
radio because not everybody wishes to
listen to a radio set going at full blast.
As civilization advances our nerves are
getting more and more jangled and
what we really want is a “silent” radio
receiver. In other words, we want a
radio set which we can enjoy personally
without arousing the entire household.
Then too, we may wish to listen to pro-
grams in bed when we are ill, or other-
wise without annoying others in the
room. While it may be said that some
progress has been made along these
lines, still it goes right back to the ear-
phone, which does not solve the problem.
Thus we may have a telephone receiver
in our pillow and we listen to the music
in this manner, although this is old
stuff because it was done long before
the advent of the loudspeaker.

There are, however, other ways of
getting the music and sounds to our
inner consciousness without taking ad-
vantage of loudspeakers and telephone
receivers. There is such a thing known
as molecular vibration. I can see in the
future, furniture such as chairs or beds
wired with a special apparatus or in-
strument which will give off sonorous
sounds the instant one touches the chair
or the bed merely with the fingertips.
The idea here is to recreate sound in
the bony structure of the human skele-
ton in such a manner that no one ex-
cept the person making contact will
hear the sounds. Anyone standing even
one foot away from him will hear noth-
ing. The method which I have in mind
is not an electromagnetic sound repro-
ducer working on the principle of the
osophone which I patented years ago,
which again is nothing but a special
telephone receiver. Rather the method
which I have in mind is purely mole-
cular. Years ago I witnessed some ex-
periments where I saw an electric motor
speak and talk by molecular vibration.
There were no diaphragms, no vibrat-
ing armatures of any kind, but the
sound was produced by means of mole-
cular vibration.

When radio manufacturers adapt this
principle, we will be able to enjoy radio
as we have never been able to enjoy it
before, and at the same time we will
not annoy others when they wish quiet.

Many years ago I imagined an in-
strument which I termed the Hypnobio-
scope. This fanciful instrument was
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supposed to teach the student while he
slept. Much to my surprise this idea
is already being utilized to teach stu-
dents the code when asleep, even though
they could not learn it when awake.
(See article entitled “Predictions and
Fulfillments” in this issue.) The time is
not far away when this will actually
come into universal use, and again by
means of the above-mentioned mole-
cular radio sound transmitter. By that
time broadcast stations will give special
programs at night, and stations will
vie with one another to give important
instruction, whether it be languages,
mathematics or history, during the
hours from 12 M. to 5 in the morning.

We will not need to wear head re-
ceivers or, in fact, anything at all, yet
the radio program ‘‘connected” to our
beds will be transmitted to our inner
consciousness with sufficient volume—
but not too much volume—to avoid
awakening us. As I pointed out before
in connection with the Hypnobioscope,
the human mind is unusually recep-

Felevision spectacles will show 3-dimension images!

tive while it rests, and while one sleeps.
Indeed, the ‘learn while you sleep”
method proved itself at the Pensacola
Naval Training Station, because stu-
dents who never could learn the code
while awake, found it simple while
asleep.

Thus, in the future, you will find that
our knowledge will be tremendously
increased by the “learn while you
sleep” method, via radio. Indeed, it
would not surprise me in the least if

(Continued on page 613)
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