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lou can tune from
émd 15 J0 550 Meters
“
A Srilliant Fngineering Feat Enables the New

mcotnDefine

SW.~31. |

10 gel-
TELEVISION
RE BROADCAST
AMATEUR PHONE
FOREIGN RECEPTION
TRANS-ATLANTIC PHONE
CODE-POLICE - AIR MAIL

m
One Dial Control-Tuned as Fasily as Broadcast

LINCOLN ENGINEERS have at last perfected a new system which makes
short-wave reception as easy to get as a local broadcast station.

NO SHIELDS TO REMOVE
NO CONNECTIONS TO CHANGE

Tests, covering months, have consistently brought in to the Lincoln Laboratory
reception on all short wave channels in daytime with local volume. The success
of this marvelously new feature is augmented by the tremendously high amplifica-
tion and extreme selectivity for which LINCOLN EQUIPMENT has been uni-
versally accorded. On Broadcast reception the LINCOLN DELUXE 31 has con-
sistently outperformed any known receiver in the hands of the user. Claims
made are not our statements but are unsolicited reports from, individual owners.

7000 MILES RECEPTION IN BROADCAST BAND

Here is What Lincoln Engi-
neers Have Achieved in the

New SW-31

].Tremendous amplification
sufficient to amplify a weak
distant signal to local volume.

2.Sensitivity to pick up very
weak signals.

3.Fidelity to reproduce per-
fectly all musical frequencies.

4 .Daylight range to cover un-
limited distance.

5.A simplified and stable method
of receiving short wave trans-
mission.

6.A new and simplified method

of changing from short-wave
to broadcast.

7 .Perfect rejectivity on a 10
K.C. band.
8.A daylight range of 7000
miles in the Broadcast band.
9.A possibility of registering
every channel in the Broad-
cast band.
10.A combination of broadcast
reception, short-wave recep-

tion, and phonograph reproduction
In one receiver.

is the report of one Lincoln owner in Shamrock, Texas. Quoting from his
letter,—"T listened to 2YA, Wellington, New Zealand; heard their quartet
numbers, soprano numbers and three band numbers. I heard the names of several
numbers and some of the continuation of announcer besides the station announce-
ment and sign off, or ‘shut down’ as they call it” “I hear the Japs on 750, 770,
790 K.C.—Osaka, Sendai, and Kumamoto. I have verification by letter from
KCMB, 500 watts, from Honolulu. I could hear a lecture being given by a
woman over 2BL, Sydney, Australia on 855 K.C.” “Fifty stations received 100
watts and under. From Vancouver, B. C., CKMO, 50 watts.”

SHORT WAVE IN AC AND DC MODELS

Utilizing the same unique system both the Lincoln
DeLuxe SW-31 and Lincoln D.C-SW-8 are now
available with the register from 15 to 550 meters.
The D.C. model uses the new 2 volt low drain tubes
with air cell “A” supply, requiring no charging,
and with average use need be replaced but once a
vear. All equipment is strictly laboratory con-
structed by competent engineers who actually do
every operation of construction. Parts used
throughout are of the finest material, and design
covers a period of years of intensive study of ultra
performance.

LINCOLN RADIO CORPORATION
329 SOUTH WOOD ST., CHICAGO, TLL.

Send, Today,

Complete information on Lincoln equipment to
5 Or Dept. N5

A WwwWwW americanradiohistorv com
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with t/z RT.A ~-~where

Radio Employers aZBOpdINL

"L J TRAINED

GET into the rich field of Radio via : o Would you like to work ‘behind the
the Radio Training Association. Radio \ scenes” at Hollywood, or for a talking pic-

manufacturers, distributors, dealers are all
eager. to employ our members because we train
them right, and qualify them for the positions that
require better trained men.

So great is this demand from Radio employers that
positions offering good pay and real opportunity are
going begging. If you want to cash in on Radio
quick, earn $3.00 an hour and up spare time, $40
to $100 a week full time, prepare for a $10,000,
$15,000, $25,000 a year Radio position, investigate
the R. T. A. now.

Special Attention to Radio
Service Work

Thousands of trained Radio Service Men are needed
now to service the new all-electric sets. Pay is lib-
eral, promotions rapid. The experience you receive
fits you for the biggest jobs in Radio. The R. T. A.
has arranged its course to enable you to cash in on
this work within 30 days!

Mail Coupon for No-Ce

Memberships that need not—should not—cost you a cent are
available right now. The minute it takes to fill out coupon at
right for details can result in your doubling and trebling your
income in a few months from now. If you are ambitious, really
want to get somewhere in life, you owe it to yourself to investi-
gate. Learn what the R. T. A. has done for thousands—and can
do for you. Stop wishing and start actually doing something
about earning more money. Fill out the coupon and mail today.

“ Radio Training Association of America
Dept. RNA-5, 4513 Ravenswood Ave., Chicago, Il1,

YyOU AT HOME
; > FOR B8/G PAY JOB

ture manufacturer? R. T. A. training qualifies
you for this work. Television, too, is included in
the training. When television begins to sweep over
the country, R. T. A. men will be ready to cash in
on the big pay jobs that will be created.

Expert Supervision
Lifelong Consultation Service

As a member of the Association you will receive
personal instruction from skilled Radio Engineers.
Under their friendly guidance every phase of Radio
will become an open book to you. And after you
graduate the R. T. A. Advisory Board will give you
personal advice on any problems which arise in your
work. This Board is made up of big men in the in-
dustry who are helping constantly to push R. T. A.
men to the top.

Because R. T. A. training is complete, up-to-date,
practical, it has won the admiration of the Radio
industry. That’s why our members are in such de-
mand—why you will find enrolling in R. T. A. the
quickest, most profitable route to Radio.

Fill Out and Mail Today!
Radio Training Association of America
Dept. RNA-5, 4513 Ravenswood Ave., Chicago, IlL.

Gentlemen: Send me details of your No-Cost Training Offer
and information on how to make real money in Radio quick.

Name

Address

City

_— et oy amerieanradiohistorv-com 2 Y= = -_ﬁ
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THERE'S A BIG PAY

For the Trained Man n

RADIO

Dissatisfied with your job? Not mak- Inspector and Tester paying $3,000
Ing enough money? Thenlet meshow to $10,000 a year; as Salesman and in
you how to get into Radio, the ]ivest, Service ang Installaticiri work atf%S tc& $100
bi est mon -makino me on aweek; as perator or Manager o roa ce_tst-
ea%ﬁl Thous 2?1317 dsofo pI% O%"?u n?ti es ng Station at $1800_ to $50Q0 a yea&%’%sW{re-
for | .b leadi . - less Operator on Ship or Alrplagg;aaﬁf Talking:
or jobs leading to salaries O_f $60  Picture or Sound Expert. Thetisands of Big
aweek and up! Jobs as Designer, Pay opportunities for you fo choose from!

R
p

y A fork in Greg¥

Come to Coyne and learn all branches of Ra- jz@‘éﬁ’ édﬁ;wn Television program!

e

dio in ten short, pleasant weeks. NOT BY L€arn Redio the practical way—by actual

CORRESPONDENCE, but by actual work , %0 ork on_actual radio equipment!

on scores of modern Radio Receivers, hug€ . You don’t need advanced education or pre-

Broadcasting equipment, the very latespifiggf - vious experience. I don’t care if you are 16
atus,

vision transmitting and receiving appét years old or 46. Come to Coyne and I'll pre-
Talking Picture equipment, ete. Bfgﬁcast pare YOU for a good paying Radiojeb in 10O
yourself in our sound proof stadio room! weeks’ time! il

Va

|~ IS NOW HERE!

.
And Television is already here!.'Soon
there’ll be a demand for thousands of
Television experts. The man who learns Tele-
vision now can make a fortune in this great new
field. Getin on the ground-floor of this amaz-
ing new development! Mail coupon on the oppo-
site page for full information—absolutely free!

Radio Division
H. C. LEWIS, President ;
500 South Paulina Street,

WWW- amercanradiohistory com
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Free Employment Service
EARN AS YOU LEARN

You:get free Employment Service as long as
voulive And if youw'll need part-time work while
at school to help pay expenses, we'll gladly help
you get it. - Many of ‘our students pay nearly all
of their livifig”expenses that way. Mail coupon
below for full details.

TELEVISION--
N 10 WEEKS

Not by Correspondence /”/ —

Don’t let anything keep you out of Radio! Start.
now, and after just ten short weeks of fascinating
work in the great Coyne Radio Shops, you'll be all set for __
the best job and biggest pay you gver had in your lifel

Coyne is 32 Years Old! il
Coyne Training is testeds provén beyond 5 e 39
all doubt. You can find out everything — : j
'absolutely free—how you can prepare for &®
a good Radio Job or how you can go nto ——
business for yourself and earn $3,000 to $15,00

a year. It costs nothing to investigate!

Mail Coupon for My BigFree Book

Fill in this coupon, tear it out and mail it to me at once.
This will not obligate you in any way and positively
no salesmen or agents will call on you. It will bring
you—ABSOLUTELY FREE—a copy of my big Radio and
Television Book, telling all about jobs, salaries, opportu-
nities, etc. MAIL THE COUPON —NOW'!

E ectrical School

Dept. 51-8C Chicago, Illinois

i

. L K [ et

H. C. LEWIS, President

Radio Div. Coyne Electrical School
500 S. Paulina St., Dept.51-8C, Chicago, Il

[
1
1
1
1
1 Send me your Big Free Radio Book and all :
details of your Special Introductory Offer.
This does not obligate me in any way. i
|

1

)

1

)
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Television--
the coming field
L of many great
opportunities --

covered by
my course.

Talking pic-

re in-

med:

possible onlg b
radio - offers ™
many fine jobs
to well trained
radio men.

joba, paymng
-from FI800 to

& [ See how {uickly I TrainYou at Heme
N fo Fill a Big-Pay Radio Job

In Radio more than in any other ficld, the surest, quickest way
to get ahead is through training! For Radio is in crying need of
more well-trained men. Competition is keen among the untrained
fellows but the way is wide open for men who know Radio! More-
over, there are plenty of opportunitics to earn while you learn-—
SMITH, Pres- many of my students make $200 to $1000 in their spare time while

i learning. That is why I urge you to mail the coupon below for
my frec book. It tells’about the great money-making opportunitics
that Radio offers trained men—and how you can learn at home to
become a Radio Expert.

kany Earn $50 to $196 a Week

Many of my graduates are earning $50 to $100 a week. After
completing my training you, too, should earn as good or even better
pay. Hundreds of fine jobs are opening every year. Broadcasting
Stations pay $1,800 to $5,000 a ycar to Radio engineers, operators,

and station managers. Radio manufacturers continuatly
Radio fac. Need testers, inspectors, foremen, engineers, service men,
e nemReY  buyers, for jobs paying up to $15,000 a year. Shipping
aries for well  companics use hundreds of operators, giving them good
moge, frem  pay plus expenses. Radio dealers and jobbers pay $30
. .. to$100aweek to trained service men, salesmen, buyers.
managers. Talking NMovies pay as much as $75 to $200
a week to men with Radio training. Another way to
make big money is to opena spare time or full time
Radio sales and service business of your own. And any
day now Television may open the way to a new world
of opportunities to men who know Radio.

My Free Book Tells All

Get the whole story. Send for my 64-page book
of facts on the many opportunities for trained men in
Radio today. It has put hundreds of fellows on the
road to bigger pay and success. It also contains full
information on the “Eighteen Star Features” of my
home-study training, including Lifetime Employment
Service to graduates. I back my course with a signed
agreement. to refund every penny of your money if,
after completion, you are not satisfied with the Lessons
and. Instruction Service I give you. @ Don't let lack
of complete training keep you down. Fill in and mail
the coupon NOW!

= Send for my Free Sook

CERTIFIED
RADIGTRICIAN

My course is the ONLY
one that makes you a
“Certified RADL1O-TRI-
c1aN." The U. S. Gov-
ernment grants me  exclusive
right to give that distinctive title
to all who complete my training.
It will mean valuable recogni-
tion to you in whatever branch
of Radio you follow and will
help open the door to bigger pay.
Even before you graduate [
give you business cards and a
“Junior RADIO-TRICIAN" card,
which many of my students find |
helpful in" earning money in & |
spare time. My coursc has helped hundreds .~
of men. It will help you. Send for my frec
book and you'll see why. 4

Seldom Under $100 a Week
“Dear Mr. Smith: For
the month of November I
made %577 and for Dcecem-
! ber over $645, and January,
2 $465. My carnings seldom
‘ fall under $100 a week. I'1l
. : -say the N. R. I. (National
Radio Institute) course is thorough and complete. —
letter from graduate, E. E. Winborne, 1267 W. 48th
Street, Norfolk, Va.

Unlimited Consultation Service

You can keep yourself posted on new developments
without extra cost. ,Radio’s change and growth bring
new opportunities for the man who understands. them.
You'll have our whole Staff at your service to keep
you informed.

£1000 a yea

ith il C¢ Tod
J.E.Smith, Zres MGG U ULIC) 4
NarionaL Rapro InsriTuTe J. E. Sxauitit, President i
Dept.1-ER. .| National Radio Institute, Dept. 1-ER i
- Washington, D. C. |
Dear Mr. Smith: Send mc your free book. I
want to know cxactly what Radio offers trained I
men—and what you offer in home-study Radio i
i
|
|
|

training. T understand this places me under no
obligation and that no salesman will call.

AN I e
Address..
(e e e

wWWW-americanradiohistorvy com
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'1'he Editor—to You

Wit THIS issue of RADIO NEws
there begins, on page 1012, a new depart-
ment listing and describing briefly the
latest radio, television and acoustical
patents as they are issued by the United
States government. Wherever possible
these descriptions include schematic
drawings that illustrate the inventions.
The department is conducted by a well-
known patent authority and will contain
what are considered to be the most im-
portant inventions of the month. En-
gineers and inventors, as well as other
technical workers in the designing and
manufacturing radio fields, will thus
find in the future issues complete refer-
ences to patent developments as time
goes on. No radio laboratory or factory
can afford to be without this valuable
information.

* & %

Do you know just what physical fac-
tors in the universe combine to make
good radio transmission and reception?
Cold weather? Freedom from electrical
disturbances in the atmosphere? Yes,
it is true that these do play their part
but the scientists now tell us there are
“extenuating circumstances” far out in
the solar system itself which make our
radio weather for us.

* # *

Read what Dr. E. E. Frec has to say
about the effects of the planets upon
terrestrial radio transmission and recep-
tion.

WHILE on the subject of transmis-
sion, readers who are interested, but
have never experimented along this line,
will find an article in this issue describ-
ing a tiny but efficient portable short-
wave transmitter and receiver that they
can build to help them break into the
amateur game.

It 15 truly remarkable what vast dis-
tances can be covered on the short
waves, with a tiny amount of power.
The editor has just received a commu-
nication from Elias J. Pellet of Barran-
quilla, Republic of Colombia, South
America, regarding his short-wave broad-
casting station there. Mr. Pellet, a
yvoung Colombian engineer who studied
at the University of Santa Clara, Cali-
fornia, in 1927, built his station over a
vear ago. The station has been heard
practically all over the United States
during the early part of 1930, although
it uses only 7 watts of power. It now
broadcasts on a wavelength between 41.1
and 42.9 meters or 7000 or 7300 kc.

THE call letters of Mr. Pellet’s station
are HKD and the circuit used is of the
tuned-grid tuned-plate varietv, with a
~10 tube as oscillator and two —50 tubes
used in a 100% modulation system.
The antenna is a half-wave voltage-feed
Hertz Zep. HKD is on the air regu-
larly every Monday, Wednesday and

Friday between 8:30 and 10:30 p.m.
Eastern Standard Time. Mr. Pellet
writes: “Since 1925 1 have never
missed a copy of vour wonderful and
interesting magazine. I like it more and
more every day and keep all the past
issues for reference. If any of vour
readers heay my station and will write
to me, they will receive a beautiful sou-
venir from the station. Address all
communications to radio station HKD,
Box 713, Barranquilla, Republic of Co-
lombia, South America.”

RECEPTION of short-wave signals from
American amateur stations was reported
to the editor, recently, from London,
England, by B. M. Holbrook. In a
letter, Mr. Holbrook said: “Reception
on the 40-meter wave-band last night,
February 18th, was exceptionally good.
I was successful in receiving the under-
mentioned ‘hams’ from vour side of the
pond and I think they would like a
QSL of their good DX. Hence I en-
close rough cards, if you would be so
good as to forward them to W2CCY,
WSCGA, W2AMA, W1ALA and WIFT.”?
Thank vou, Mr. Holbrook. The cards
are being forwarded.

Rap10 NEws has always realized and
accepted its responsibilities in giving aid
to radio servicemen and the present
staff is determined to keep up this tra-
dition and to improve its helpfulness as
far as possible. Clifford E. Howard of
Portland, Oregon, writes: “I have been
a reader of Rabp1o NEws since the days
of the Electrical Experimenter. 1 find
it better each vear and have become a
subscriber. Your constructional articles
on testing instruments have been of in-
estimable value to me in the servicing
of receivers of various types.” Here is
proof, from an “old-timer,” of the high
regard our servicemen readers have for
Rap1o NEws.

CoNSIDERABLE interest has been awak-
ened among the broadcasting authorities
by the article appearing in the April
issue, from the pen of Lieut. Wm. H.
Wenstrom. This article dealt with a
suggested plan for broadcasting over the
whole country, from a superpower high-
wave station. Lieut. Wenstrom is con-
tinuing the second article of this series
in the June issue. He then takes up the
design of the transmitter and the an-
tenna equipment for such a station. In
his third article he will discuss the re-
ceiver details and the trends of design
that will lead up to this development.

THE editor has always been keenly
interested in the development and prog-
ress made in television. He believes
that large groups of his readers also
consider this subject of great impor-
tance. Two articles, appearing currently,

www-americanradiohistornnv-com

tell of the latest experiments in tele-
vision broadcasting and of the newest
technical developments in this latest off-
spring of the radio science.

P & %

Broapcast listeners who are inter-
ested in receiving short waves as well
as the regular wave-bands will be in-
terested in the description on page 974
of a new superheterodyne that can be
shifted from one wave-band to the other
by merely turning a switch. Short waves
and broadcasting on the same set!

IN THE June issue there will appear a
constructional article on the new Uni-
versal Super-Wasp short-wave receiver
which covers the range from 15 to 630
meters, without plug-in coils. The
wavelength change is accomplished with
a pair of ingenious cam switches. This
new receiver is a development of the
original Super-Wasp short-wave set
which already has a well-established DX
reputation. A set of this kind will bring
in distant programs at practically any
time during the day and night.

* * *

Stublo men and the artists who
broadcast will be interested in the story
of “Producing a Radio Drama,” appear-
ing on page 976. They will also find the
new department, Backstage in Broad-
casting, newsy, informative and valuable
in keeping in touch with what is going
on. out in front of the microphone.
This department is conducted by Samuel
Kaufman, formerly radio program ed-
itor of the New York Herald-Tribune,
who is personally acquainted with the
bright lights among the artists, the pro-
ducers and the executives, and who
writes in a chatty, intimate style.

% *

TiE cditor wishes to thank the many
old friends he has discovered among the
readers of RapIo NEws, who have writ-
ten him letters of encouragement and
friendly suggestion. That we are fol-
lowing out a popular plan of increasing
helpfulness to our readers seems to be
substantiated by the fact that the news-
dealers have reordered heavily the last
two issues of the magazine, and many
new subscriptions are coming in as the
result of readers missing the last copy
on the newsstands.

* * *

SHORT-WAVE enthusiasts will be happy
to learn that in the June issue there will
appear—but no, the editor thinks it may
be more of a surprise if he reserves this
announcement for the coming issue.
Don't forget to be sure of yvour June
copy.
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A Radio Metropolis of the Future

An artist’s conception of the view, from the Plaza, of the
$250,000,000 amusement center that is to occupy three square
blocks in the heart of New York City. The radio metrop-
olis will house complete broadcasting and television stu-
dios, as well as vaudeville and motion picture theatres and
possibly an opera house. Work on this new giant radio
enterprise, which will combine, in one area, a complete
musical and broadcasting center, is to start this month and
may be completed in 1934.

WA americanradiohistorvy com
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‘,‘,7 HEN three planets get in line so that their

enormous gravitational pulls act together on

the sun, even that giant luminary feels something

happen. (The gravitational force that keeps the
earth in its orbit instead of flying off into space
equals the combined strength of millions of steel
cables each eleven inches thick and one attached
to each exposed square foot of the planet’s sur-
face. Pulls by other planets are equally gigantic.)

—WANAEaMmericantadiohictornr-eom- e o oL

March August
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Curve showing correlation of sunspots with radio reception: Dotted curve, the inverse of sunspot
pumbers; full curve, relative intensity of radio reccption on transatlantic,

South American, and continental reception,

This diagram shows how Mercury, Venus and
Jupiter may come at long intervals to be in one
line and how they act when this happens to Ilift
greater tides on the sun. Tides and orbits are
somewhat distorted in scale to get everything on
one page. Such effects of planets on the sun now
have been found to affect the number of sunspots,
as well as other phases of the sun’s activity. The
solar changes, in turn, influence our radio reception.
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That radio conditions vary from year to year has long been recognized,

as has also the fact that these variations follow more or less regular cycles.

Scientists are casting about for the reasons and Dr. Free’s suggestions as
given in this article are well worth careful weighing

HE newest branch of radio science

might be called radio “‘astrology.”

It has been many years since any

competent scientific man put the
slightest faith in the supposed effects of
the movements of the planets on human lives or cast himself
a horoscope to predict success or to decide whom he should
marry. But within the past few months scores of perfectly
sane and sober physicists, astronomers and radio engineers have
turned hopefully to the stars to predict what radio reception
will be like for the next twelve months.

They are thinking, of course, of very different relationships
than were in the minds of ancient astrologers and casters of
horoscopes. Yet that the place of
the planets in their orbits does in-
fluence terrestrial things like radio
now scems unmistakable, however
little these same planets may have
to do with wars or marriage or the
characters dealt out to babies as they
are born. )

At the meeting of the American
Association for the Advancement of
Science a few weeks ago at Cleve-
land, Ohio, no less an authority than
Professor Harlan T. Stetson, director
of the astronomical observatory at
the Ohio Wesleyan University, joined
the new radio “astrologers” with a
report of year-long studies in which
radio disturbances were detected
whenever the two inner planets of
the' solar system, Mercury and Ve-
nus, were in line with the sun, an
event which recurs approximately
every fifteen months. The connec-

By E. E. Free, Ph.D.

Above is a close-up of a sunspot group,. photo-
graphed by the light emitted from one kind
of atom. The white flecks are spots of more
intense heat and solar activity surrounding the
cooler areas of the sunspots themselves. Be-
low are flaming “prominences” on the sun’s
surface caused by jets of hot hydrogen gas.
The white dot is the size of the earth

tion is due, Professor Stetson suspects, to
powerful electric actions of the two
planets on the sun, followed by similar
electric influences of the sun on the earth.

Professor Dinsmore Alter of the Uni-
versity of Kansas, who has attained world-wide reputation by
his studies of sunspots and of their terrestrial effects, agrees
that radio may be affected by the positions of the planets, but
traces the connection through sunspots instead of by some
more direct electric link. The movements of the planets, Pro-
fessor Alter believes, affect the condition of the sun so that
sunspots are few or many. Side by side with this goes a
variation in the intensity of sunlight, especially in the sun’s
emission of the invisible ultra-violet
rays. These rays are known to alter
the upper layers of the earth’s at-
mosphere in the region of the Heavi-
side layer. This is believed to be
what affects earthly radio.

That correspondences between the
number of sunspots and good or bad
radio conditions actually exist has
been proved, definitely enough to
satisfy anybody, by the distinguished
American radio engineer, Dr. Green-
leaf W. Pickard; so this part of the
theory may be taken as unquestion-
able. And the more strictly astro-
nomical parts, like the assumed ef-
fects of planets on the conditions of
the sun which is indicated by sun-
spots, has the support of equally high
scientific authority, *especially - of
Professor Ernest W, Brown of Yale,
acknowledged world authority on the
motions of earth, sun, and moon.
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tides. A similar, although much smaller, “earth tide” is raised
by the moon’s gravitation even in the solid crusts of the conti-
nents and can be measured by delicate instruments. The sun,
too, lifts tides in both sea and land, although these are smaller
than the moon’s tides because the sun is so much farther away.
Were observations possible on other planets, like Mars or
Jupiter, similar sun tides would be encountered, doubtless,
just as they are on earth, plus a much greater and more
complicated series of local tides on such a globe as
Jupiter, which possesses no less than nine separate
moons, each with its own tide-raising proclivities.
But the point of interest for terrestrial astronomy
and especially for the new radio astronomy or
radio “astrology” is not what tides are raised by
the sun on the planets, but what tides these
planets generate in the sun.

The imaginary cables that hold sun and planets
together resemble real cables in possessing two
ends and the necessity for two anchorages. The
cables that hold up the span of a greater suspen-
sion bridge, for example, need to be anchored at

their shore ends by enormous weights, larger than
the weight of the bridge, so that the bridge weight
will not pull out the cable ends and fall. Just so with
the gravitational connection of the sun and a planet.
This is “anchored” at one end to the planet, at the other
end to the sun. Whatever billions of tons of weight this
attraction exerts on the planet, it exerts precisely this same
attraction on the sun.
The sun, astronomers long have known, is by no means a
solid, rigid body on which such enormous attractions would be
without - effect.  What may exist deep inside the sun is still
more or less of a mystery about which famous astronomers like
Sir James Jeans and Sir Arthur Eddington still come to verbal
. fisticuffs, but the visible surface of the
sun and the layers of that luminary
which display sunspots and emit the

.v

(Above) Annual rings in the trunk of a

ultra-violet rays effective on earthly

big tree from California, providing a

weather record for over a thousand years.
These tree rings also show the sunspot
cycle.  (Right) Clay layers millions of

vears old from an ancient lake bottom in

radio certainly. are not solid but a
raging sea of white-hot, flaming gases in
which every chemical compound known
on earth is disintegrated into its con-

Wyoming also show the sunspot cycle

stituent atoms and even the majority

of these atoms are stripped of some of

their electrons.

No mystical relationships or unknown

physical forces need be dragged in to

It would not be surprising if the

explain how planets can influence sun-

gravitational attractions of the planets

spots. Nothing more mysterious is in-
volved than the force of gravitation, and
while science still knows little or noth-
ing about the cause of gravitation there
is no longer any doubt, thanks to Kepler
- and Sir Isaac Newton, gbout how gravitation works.

It is the gravitational attraction of the sun, of course, which
holds each of the planets in its orbit. Otherwise each world
would go careening off by itself in space, like a water drop
shot from the rim of a spinning flywheel. It is possible to
think of the sun’s gravitational pull very much as one thinks
of the string which restrains a child’s toy ball whirled rapidly
around one’s head. Were it not for the string the ball would
fly off at a tangent. Were it not for the cable-like attraction
of gravitation between planet and sun the planet would do
exactly the same thing. Only the planetary cable, were it a
real rope of steel or hemp, would need to be gigantic, for the
attraction between the sun and even a small planet like the
earth equals the weight of nearly four billion billions of tons.

You cannot pull very hard on a rope attached to anything
without deforming that thing by at least a trifle. This is true,
too, of the imaginary ropes but perfectly real forces by which
gravitation holds the members of the solar system in their
paths. The moon’s gravitational pull on the earth, for example,
is responsible for the deformation of the oceans that we call

Dr. L. B. Aldrich, of the Smithsonian Institution, testing a
series of special thermometers which are to be used for meas-
uring the intensity of sunlight at weather observatories and
observing stations. Small variations in the intensity of sunlight
are believed to be réesponsible for the weather changes. The
Smithsonian Institution maintains special observatories in the
United States and in Africa for the daily measurement of the
amount of energy in <unlight

~on the sun, even though the sun is so
much larger than they, acted in some
way to disturb the currents and move-
ments in these gaseous layers. How
such disturbances might affect sunspots
is less evident, since the real causes of these solar blemishes
are unknown. The work of the famous American astronomer,
Dr. George Ellery Hale, proved long ago, however, that sun-
spots are really vast whirling storms in the sun’s gaseous sur-
face, not unlike earthly cyclones (Continued on page 1026)
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The ship-to-shore telephone booth on

board the S. S. Leviathan—where passen-

gers may call up their homes from mid-

Atlantic with the ease of making the
usual long-distance call

“Vodas” relay and telephone repeater
equipment at Walker Street, New York.
Trans-oceanic, ship-to-shore and South
American calls all pass through this office

early radio investigations were car-

ried out on short waves. Many of

Hertz’s classical experiments in-
volved waves less than one meter in
length. It was in the course of these ex-
periments that Hertz, in 1888, demon-
strated that electrical radiations can be
readily concentrated or focused in a beam. laying down the
principles that are today basically responsible for the achieve-
ment of transoceanic telephony.

From the inception of Marconi’s experiments, ten years later,
the preference for longer and longer wave lengths was defi-
nitely established in the trend of transmitter and receiver de-
sign. This was due principally to the relative ease of generat-
ing and controlling higher powers at lower frequencies, and
the fact that two decades of research were destined to intervene
before adequate short wave receiving apparatus could be devel-
oped. For instance, it was a simple matter twenty years ago
to develop 50 kilowatts in an Alexanderson alternator at 30
kilocycles, but the field would have blown to pieces had an
attempt been made to double the frequency by turning the disk
twice its normal speed of 20,000 r.p.m.!

While it is today a matter of engineering simplicity to gen-
erate large amounts of power at high radio frequencies by
means of thé vacuum tube oscillator, the difficulties of con-
trolling it still place limitations on the power economically
available for commercial purposes. For example, the displace-
ment currents between any conductors increase with the fre-

I T IS INTERESTING to note that the

How the telephone subscriber, sitting
at the telephone in his own home, can
put through a call to Europe or South
America and talk over the short-wave
“beam” searchlights aimed at these
continents, encountering no more diffi-
culty than he would in wmaking a
domestic toll call

By Zeh Bouck

quency. These displacement or capacity currents heat every
dielectric, with the exception of a perfect vacuum, causing a
molecular wear and tear which may eventually result in break-

down. The effectiveness of an air dielectric at 30,000 k-c
drops to one-tenth its strength for a direct current potential
of the same value as the a.c. peaks. An air gap that is a satis-
factory insulator to a 60 cycle alternating potential of 12,000
volts will break down with a 1000 e.m.f. oscillating at 30,-
000 kc!

But the limitations imposed by the complications attending
further power and frequency increase are of theoretical rather
than practical significance. The utility of still higher fre-
quencies has yet to be demonstrated, and the powers easily
controllable at the most effective frequencies are quite sufficient
for transoceanic transmission due to the peculiar characteristics
of electric wave radiations between 6 and 30 megacycles (50
to 10 meters) namely, unusual carrying or penetration power
and the efficient adaptability to concentrated or directional
transmission.

Optimum high frequencies corresponding to a particular time
of the twenty-four hour day possess an uncanny ability to
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Voice frequency apparatus
at Platinos, Argentina. This
room is entirely shielded
with number 20 B and S
gauge sheet copper. The
windows are covered with
a fine copper mesh

travel long distances under the

General view of the Bell Telephone transmit-
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Pumps, motor generators,

filament filters and the au-

tomatic battery charging

plant at Hurlingham, Argen-
tina

to be due to altitude changes

impulse of relatively small ting towers at Lawrenceville, N. J. (Courtesy in the Kennelly-Heavisice layer
amounts of power. The maxi- Fairchild Aerial Surveys, Inc, N. Y.) —electrified strata of rare-
mum terrestial distance has fied gaseous matter existing

been spanned by amateurs put-

ting far less power into their antennas than is consumed by
the average Mazda lamp. As has been intimated, the efficacies
of various frequencies vary between day and night. On the
frequencies with which we have been most familiar for many
years, and describing wave-lengths above two hundred meters,
radio signals show a consistent drop of signal strength and
range during the day time. Distant broadcast stations are best
received during the night. Commercial stations having- an
effective night range of six thousand miles, drop to four and
five hundred miles for consistent daylight communication on
frequencies under 500 kilocycles. A similar effect is to be ob-
served as high as 10 megacycles, but above 6 megacycles this
characteristic is gradually reversed, and between 15 and 30
megacycles we have a band that is highly effective in the day
time, but quite ineffectual at night. This variation is believed

from fifty to several hundred
miles above the earth’s surface—which reflects the radio waves
to their destinations with varying angles of incidence.

Three frequencies are employed in the long distance tele-
phone channels we are describing. Daytime communication
Is carried on at frequencies in the neighborhood of 20 mega-
cycles, with a shift to 10 megacycles at night. During the
transition periods of evening and morning, 15 megacycles is
generally more effective than the higher or lower frequencies.

The Transmitting Antennas

The advantage of a directional transmitting antenna is best
considered from the point of view of achieving a desired result
with the expenditure of less power. As we have intimated, the
amount of power economically available for high frequency
transmission is somewhat limited by problems of control, the
possibilities of directional s-w transmission are doubly im-
portant. Assuming ideal conditions for the purpose of illus-
tration, the distribution of energy about a broadcasting antenna
may be described as circular. That is, the locus of a point at
which an arbitrary signal strength is received (or any line of
constant signal strength) describes a circle about the antenna.
In other words, a receiving station one hundred miles away
from the transmitter will receive a signal of the same strength
regardless of whether it is north, south, east or west. If we
concentrate the power of the transmitter over a sector of the
circle 15 degrees wide (Figure 1), including the receiving
station, and reduce the power into the transmitting antenna
until the signal strength is the same as it was with the non-
directional antenna, we will find that the reduction in power is
proportional to the reduction in area. In other words, only
one-twenty-fourth as much power will now be required to
provide the same signal as before. Another way of looking at
it is to say that the effective power has been increased twenty-
four times by the concentration.

The transmitting antenna or cur-

tains at Lawrenceville. When com-

plete there will be twelve antennas,
each five hundred feet long

Figures 1, 2 and 3. Graphic illus-
trations of the advantages of the
‘beam system for transmission and
reception, as explained in the text

POWER SAVED
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There are several possible ways of effecting this
concentration. If two antennae are located one-
quarter wave length apart and are simultaneously
excited, onc of them ninety degrees out of phase
with the other, directivity will be achieved, and
the field distribution will follow the curve of I'ig-
ure 2. Assuming the antenna B to lag, the action
1s as follows:

The field of the upper antenna, A, requires one-
quarter period to catch up with the field of the
lower antenna, by which time the field of the two
antennac will be in phase, and assisting. A doubly
power!ul signal will be propagated in this direction.
However, by the time the field of the antenna, B,
rcaches antenna, A (one-quarter period later) it
will be 180 degrees out of phase, and the fields
will cancel each other in this direction.

The second or upper antenna therefore has the
action of a screen or reflector. It is not necessary
to excite this antenna separately, as energy in
the correct phase difference can be induced in it by
the radiating aerial.

The antennae employed for long distance point
to point telephony are of the array or curtain
type, equivalent to four Hertz antennae connected
together by what may be described as non-radiat-
ing feeder lines. A reflecting curtain is hung be-
hind the radiating portion, so that the direction
of propagation is concentrated in a narrow beam
broadside or perpendicular to the plane of the
antennae. (The efficacy of this reflector was defi-
nitely demonstrated in the course of the author’s airplane trans-
mission and reception experiments in Buenos Aires, and has
been detailed in the March, 1931, issue of Rapio News.)

As the directional effect is determined by the accuracy with
which the antenna dimensions and the spacing of the curtain
conform with the wave dimensions of the frequency employed,
three aniennae, one for each wave length, are required for
trans-oceanic channels employing three frequencies. The trans-
mitters of the American Telephone and Telegraph Company
are located at Lawrenceville, N. J., where four channels are
used for communication—three with Europe and vessels en
route between American and European ports, and one to South
America. The twelve antennae have a total length of six
thousand feet. Eight hundred acres of ground are available
for present and future antennae. The gain of any one of these
aerials is in the neighborhood 10 decibels—in other words, only
one-tenth the power is required to lay down the same signal
at a given distance in comparison with an ordinary antennae

Aerial view of the receiving station at Netcong, N. J. There are four
groups of antenn®—three being trans-Atlantic and one for South America.
There are three antennz in each group, one for each frequency. The heavy
lines indicate the antenna arrays, the light lines the r.f. transmission lines
and the squares the receiving stations

which radiate power in all directions. But employing more
radiating sections it would be possible to increase the gain to
a maximum of twenty decibels. (An interesting effect is to be
observed in the shifting of the beam from Hurlingham, Buenos
Aires, to Netcong, N. J., about ten degrees clockwise. This
seems to be due to a variation in the Heaviside layer influ-
enced by the earth’s magnetic field.)

It would be obviously impractical to employ the same direc-
tional system on waves of much greater length than fifty
meters. A 20 decibel antenna operating effectively on 500
meters would be ten wave-lengths or about fifteen thousand
feet long, one-quarter wave length or about 400 feet wide,
and two wave lengths or three thousand feet high.

As may be imagined, the possibility of sleet suggests adverse
mechanical and electrical effects particularly serious in an
antenna of this type. Aside from the mechanical strain, the
difference between the dielectric constants of air and ice may
be sufficient to detune the circuit. By (Continued on page 1030)
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Figure 4. The general layout of a trans-oceanic beam

telephone system. The complicity of the arrangement may

be well imagined when ‘it is considered that any one of the boxes may represent an installation such as photographed
on the first page of this article
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AND THE

15 to 550 Meter

The new Lincoln superheterodyne r
intermediate amplification to provid

A.C. operation, phonograph switch, all

eceiver employs four stages of tuned
e unusual sensitivity and selectivity.
wave coverage with total of five plug-

in coils are some of the features

ADIO today is advancing more rapidly than one realizes.
The possibilities of short-wave reception open up a
vast field for reception of stations from almost un-
limited distances.

In view of this new and steadily increasing field, intensive
study was given to the development of simple, yet efficient,
methods of receiving signals from 17,000 kc. to 1500 kc. in
the short-wave bands, and also registering from 1500 to 550 kc.
on the broadcast band. Simplicity of operation being para-
mount in a receiver designed for the drawing room of a home,
it would be very desirable to have a simple, quick way of
shifting from broadcast to short-wave and vice versa. With
this thought in view, many different arrangements have been
tried. Due to inter-coupling, etc., always experienced in the
higher frequencies, any mechanical switching of coils was
found to be very unsatisfactory, however convenient it would
be to the operator. Complete removal of the oscillator and
antenna coils and substitution of other coils of the plug variety
worked more satisfactorily and this method is featured in the
set described here.

By using a pick-up coil induc-

carefully designed oscillator was constructed and accurately
calibrated in one meter steps by a standard wave-meter through-
out the complete short-wave band. Operating in a shielded
room, the s-w. coils are calibrated so that the dials of the
receiver can be set on a frequency of a short-wave station, and
the station will come in with a slight adjustment of the antenna
condenser.

A great deal of thought has been given this part of the de-
sign in view of the fact that heretofore there has been a large
degree of uncertainty in just where to try to pick up a distant
short-wave signal even if the frequency of the signal was
known.

General Description of SW-31 Receiver

Upon the panel of the SW-31 are mounted three controls
and three switches. At the right is the combination switch and
volume control; in the center, the main tuning control; and
at the left, the trimmer to bring the antenna circuit into reso-
nance. The switches enable the
operator to change at will from

tively coupled to the grid and
plate windings of the oscillator,
and in series with the negative
end of the antenna coil, an ideal
system has been worked out for
the Lincoln SW-31 receiver
whereby the antenna coil was
shorted out by a two-way switch
located on the front panel, al-
lowing only the pick-up coil to
be used as a combination pick-
up and short-wave antenna coil.
The two-way switch at the
same time opens the main an-

AP

- r /

ANT. TRIMMER /

AIN TUNING DIAL

L.

local to distant reception; from
radio to phonograph; or from
broadcast to short-wave.

R.F. Transformer Design

The transformer has proved
to be the most practical and effi-
cient means of coupling vacuum
tubes _in cascade amplifiers.

YoLULE QoNTROL The control panel arrangement

500 METERS \ 15:200 METERS showing the purpose of each

control

tenna tuning condenser circuit,
thus using the small trimmer
condenser (used in bringing the antenna cir-
cuit to resonance on broadcast bands) as a main
tuning condenser for the short-wave bands.

By this simplified method a {requency -
range of from 20,000 kc. to 540 kc. is covered
with a total of only five plug-in coils, the coil
socket being conveniently located at the rear
of the chassis and easily accessible in a con-
sole or other cabinet.

The individual coil ranges, as shown on the
accompanying graph, are 15-32 meters;
28.5-47 meters; 46.5-84 meters; 81-231 meters
(double range coil); and 190-540 meters
(broadcast).

To change from broadcast to short-wave,
or vice versa, it is only necessary to change
one coil and throw one switch.

Calibration of S.-W. Coils

To accurately calibrate the s.-w. coils, a

All

#President, Lincoln Radio Corp.

WAAAA - AMAariananyadl

neat and ship-shape “below deck,” where practically all
wiring is confined
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Superheterodyne

By W. H. Hollister*

There are four variations of trans-
former coupling; namely, untuned.
tuned primary, tuned secondary, and
tuned primary and secondary.

The untuned transformer is suc-
cesstul in low frequency amplifiers,
but at high frequencies little gain
can be obtained because of the
short-circuiting effect of the input
and output impedance of the vacuum
tube. The effect of tuning either the
primary or the secondary of a
coupling transformer is to remove
the effect of either the input capac-
ity or the output capacity of the
tube. The removal of either of these two

The chassis of the Lincoln SW-31

capacities has a remarkable efiect upon
the gain of a stage. for the input impedance
of a three-clectrode tube at a frequency of
500 kilocycles is about 30,000 ohms.
When the primary is tuned, the plate to
filament resistance of the tube, which is
in parallel with the tuned circuit, has the
effect of a small series resistance placed in
the tuned circuit. This, of course, tends
to reduce the sharpness of resonance or
sclectivity, as well as the gain of the stage.
The effect of the parallel resistance in-
creases as the plate-to-filament resistance
decreases. Since the plate-to-filament re-

superheterodyne receiver. The power
supply is provided by a separate unit

input capacity respectively, the idea is
immediately suggested to tune the pri-
mary.

A tuned primary has a high imped-
ance and makes it possible to get a
much larger proportion of the voltage
generated in the tube across it. It is
evident that if the primary impedance
of the transformer is equal to the plate-
fo-filament resistance of the tube, that

sistance of a three-electrode tube is in the
order of 10,000 to 20,000 ohms. the tuned-
primary transformer, coupled between
three-electrode tubes, would have an
equivalent series resistance of sufficient
value to have a measurable effect upon the
selectivity and gain of the transformer.

A tuned circuit has a high impedance to the flow of a cur-
rent of the same frequency to which it is tuned in the ex-
ternal circuit to which it is connected. At a frequency of 500
kilocycles it is possible to get an impedance of several hundred
thousand ohms from a tuned circuit. This impedance increases
with both the efficiency as well as the inductance of the coil.

Tt is not possible to get all of the gain out of a transformer
when used between three-electrode tubes for a condition of
instability and tendency for oscillation appears when the gain
reaches a certain value per stage. The maximum gain, of
course, would be reached with good shielding. by-passing of
each stage to eliminate coupling by common impedance, and
neutralizing.

The four-electrode shield-grid tube. however, has radically
difierent properties from the three-electrode tube. The pres-
ence of a shield between the grid and the plate reduces the
capacity between the grid and the plate. The shield does
not greatly change the input capacity, which is the grid-to-
filament capacity, but the plate to filament capacity is con-
siderably increased. This means that the short-circuiting
effect of the output capacity of a shield-grid tube is several
times the short-circuiting effect of its input capacity. Since
tuning either the primary or the secondary of a transformer
has the effect of removing either the output capacity or the

The receiver provides coverage from

15 to 550 meters by means of a single

plug-in coil for each of the five bands
in this range

only one-half of the voltage will appear
across the primary. From this con-
sideration it is easily seen that if maxi-
mum amplification is to be obtained the
primary of a transformer used with
shield-grid tubes must be tuned.

In the case of the shield-grid tube, the plate-to-filament re-
sistance is so high that its efiect upon the tuned primary, in
producing an equivalent series resistance, is negligible. This
means that there would be no loss in selectivity in tuning the
primary, but a considerable increase in voltage amplification
would be effected.

After determining that the primary of the transformer must
be tuned, there is still left one remaining possibility. namely:
tuning both the primary and the secondarv. Tuning the sec-
ondary, of course, would eliminate the short-circuiting effect
of the input capacity of the tube. When both the primary
and secondary are tuned, a maximum transfer of energy no
longer takes place with close coupling. The condition for
maximum transfer of energy is, to the contrary, a verv loose
coupling. Since space limitations eliminate the possibility of
separating the primary and secondary by a space of 6 or more
inches, depending upon the type of coil used, it was necessary
to turn one of the coils so that it was practically at right
angles to the other. It was found. however, that there is no
such thing as perfect shielding. The gain which can be ob-
tained with the tuned primary transformer is more than can be
successfully used. The tuned primary transiormer gave a gain
of 75 per stage at a frequency of 480 kilocycles with complete
aluminum shielding and by-passing. It was found, however,
that this gain had to be reduced for (Continued on page 1037)
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William S. Rainey, who
heads the production de-
partment at the National
Broadcasting Company.
At the right is a scene
from a play “S O S” be-
ing enacted by company
engineers who staged the
production. _As is quite
evident, numerous sound
effects were employed

HE radio drama is still an experiment. As a separate
and distinct art form, the drama written only for the
medium of broadcasting has scarcely been born.

When one makes a brief and necessarily hasty survey
of the history of broadcasting these statements appear some-
what less astonishing. In the first place, radio is a mere infant
of ten, but it has a world-wide voice and a coast-to-coast
physique. The rapid growth of radio engineering, crowded as
it has been with achievement after achievement, has almost
precluded any attempt to maintain the art of producing in. the
theatre of the air at a similar pace. And though radio is ten
years old this year, the first plays-were not put on the air until
1926! Worse than that—radio programs had no prepared con-
tinuity until 1926!

Radio was very much a novelty in-the early days. It would
be difficult to say whether some of the programs were more of
a novelty ‘to. the listener or to the announcer and artists in the
studio. The few announcers, whose initials have gone down in
broadcast history, were artists in the art of ad lib. -They
“doubled’—sometimes literally in brass—but more often as
readers of “Gunga Dhin” or singers of such familiar ditties as
“The Road to Mandalay”” WEAF had one or two small
studios in those days and that guiding genius, the announcer,
would often congregate there with his little flock of artists, with
not much more than a good idea of what they would do during
the broadcast. Sometimes they did what they thought they
were going to do—and sometimes they didn’t. At any rate,
they made as merry as possible until the clock gave silent per-
mission for them to “cease firing.”

One of the first writers for the new medium of broadcasting
was Katherine Sevmour, who is today assistant head of NBC’s
continuity department. Miss Sevmour gives us a fascinating
story of those hectic days which later evolved the “continuity
script,” the radio play and the production technique of the
present. “Back in the Dark Ages of radio—in 1925—none of

-mour, “that we thought of producing a radio drama.
- the earliest dramatized programs was Henry Carlton’s feature,
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The producers, as well as the writers of radio dramas,
technique is still in the process of development and
limit. The successful direction of a radio play demands
script, microphone technique, sound effects, monitoring.
dramatic production in the theatre of the air and
undoubtedly develop a greater radio drama of -

us was sure just where radio was headed, but we were sure it

was going somewhere pretty fast. When our programs ran
short or when broadcasters did not arrive at the studio. our cry
of ‘Help!? was usually answered by the switchboard operator
who deserted her post for the piano—and jazz. Quite often
I would have to read speeches or special announcements. It
was not until late in 1925 that WEAF took the step that served
as the basis of our present-day broadcasting.

“The post of special sales representative was created for
Roosevelt Clark, who believed that advertisers could be sold
prepared programs based on a central theme or program idea.
I assisted Mr. Clark and we soon found that the task of sup-
plying clients with scripts was going to develop -into a much
greater one than we imagined. The Clicquot and Ipana hours
were among the first to be written. Writing for radio .was
evidently destined to be a big job. The idea of calling Mr.
Clark a continuity writer was obtained from the movies.

“It was not until the middle of 1926,” continued Miss Sey-
Among

Great Moments in_History, based on various episodes in
American history. ‘Then came William Manley’s ‘Bible Stories.
Both of these followed the same general pattern—about half of
the script was actually dramatization and the other half was
given over to expository material delivered by a narrator. In
the first series, the narrator was made the father of two in-
quisitive children.

“There were no production men in those days,” Miss Sey-
mour remarked, with a slight smile. “In the case of my own
dramatization of Schelerazade, which ran eight or nine weeks,
we had no production man and consequently had quite a time
trying to get a proper balance between the music and the sing-
ers. The orchestra, deciding that they had been hiréd to play,
were equally sure that they ought to be heard. So they played
that way. There was one microphone. The orchestral accom-
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are dealing with a new and unique medium whose
whose artistic possibilities are apparently without
more than adequate rehearsals, interpretation of the
In this article are outlined some of the problems of
the encouraging spirit of experimentation that will
tomorrow on the basis of today’s knowledge

By Albert Pfaltz

paniment was not faded down. Occasionally the single control-
room man would dash into the studio to make some minor
change, but we had neither the understanding of the necessity
for maintaining a properly balanced effect on the air nor the

technical facilities for doing so.”

Speaking of the same program, William S. Rainey, produc-
tion manager of the National Broadcasting Company, said,

“The script was excellent, but the pro-
duction of it was not. They hadn’t
learned, in those days, how to balance
speaking voices against an orchestra. with
the result that the music and actors in-
dulged in a sort of cat-and-dog fight.”
Mr. Rainey went on to tell of some of
the early radio dramatizations—the Re-
told Tales, in which Carlton and Manley
dramatized O. Henry, de Maupassant,
Hawthorne and others, adaptations of
Shakespeare and an occasional one-act
play. These few attempts made up the
dramatic record of the primitive days.
“Sound effects were sparingly used—
and rightly so—because most of them
came through the loud speaker as uniden-
tified noises,” Mr. Rainey continued.
“Then came the Melodrama Hour in
which the famous old thrillers were re-
vived. At first these were ‘spoofed’ and
deliberately overplayed for laughs, but
the audience resented this, especially in

Vernon Radcliffe,
who produces the
“Radio Guild,”
“Real Folks” and
“Harbor Lights”
hours. His views on
the radio drama are
presented in this
article
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Shown above is Raymond

Knight directing a scene in

the “Empire Builders”—one

of the regular dramatic week-

ly programs. The others are

Harry Edeson and Virginia
Gardiner

The Radio Guild has present-
ed in the past year more than
a hundred of the world’s
great plays. Adapted for
broadcasting and directed by
Vernon Radcliffe, they are
heard each Friday at four
o’clock on the Blue network.
At the left is a scene from
one of the Guild’s plays. In-
cluded in the cast are (left
to right) Charles Warburton,
Sheila Hayes, Jeanne Owens,
Florence Malone, Charles
Webster, Leo Stark, Harry
Neville and Vernon Radcliffe,
who is timing the action of
the play
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Above is a scene from the “Rise of the

Goldbergs.” Left to right are Roslyn

Silber, James Waters, Gertrude Berg
and Alfred Corn

At the right is C. L. Menser, one of the
outstanding radio producers. He directs
the “RCA-Victor” hour and “Campus”

and is also narrator on the former

the metropolitan areas, so that they
were plaved straight. after that, to rela-
tively small but enthusiastic audiences.
I say a relatively small audience be-
cause the drama audience three or four
years ago was just that. It has taken a
long and intensive training in listening
to build up the wide and greatly inter-
ested audience of today. Amos 'n’ Andy
taught people the art of listening to
talking programs.”

Radio today has three general types of broadcast plays—
adapted stage plays, adaptations of novels, and plays written
for broadcasting.

During the past year some of the more important offerings
of the first group known as the Radio Guild, were Journey’s End,
on Armistice Day, with the cast from the Henry Miller Theatre;
Iphigenia in Aulis, with Margaret Anglin; Second Mrs. Tanque-
ray, with Mrs. Pat Campbell; Milestones, with Tom Powers;
Doll’s House,with Eva Le Gallienne and Dudley Digges; Servant
in the House, with Charles Rann Kennedy; Jane Clegg, with
Margaret Wycherlev, Ernest Cossart and Henry Travers.

Included in the second group, the Penrod series and the dram-
atizations of Conan Doyle's Sherlock Holmes are outstanding.

The third, and of course the most significant group, includes
plays written for broadcasting—some of the most successful of
these, all belonging to the episodic-series pattern so dear to
the radio auditor: Afystery House, by Finis Farr; Silver
Flute, by Gregory Williamson; Soconyland Sketches, by Carl-
ton and Manley; Big Guns, by Lawrence Holcomb; Jolly
Roger, by George P. Ludlam; I ayside Inn, by Burke Boyce,
and one of the most successful of all, Moonshine and Honey-
suckle. by Lulu Vollmer.

And another interesting experiment that should be noted—
the six-day murder trial—The Trial of Vivienne 1Ware—
aroused unusual interest.

Who are the men directing these plays and how do they
work? Today the National Broadcasting Company has a pro-
ducing staff of some eighteen or twenty men. Their names and
the hours they direct are listed elsewhere in this article.

The radio production man is, of course, somewhat analogous
to the director of the legitimate theatre. In the theatre of the
air, however, the producer solves the problem of casting a show
in an entirely different way. He must be “ear-minded.” Radio .
types are determined solely by their voices, so it makes not
the slightest difference what the actor or actress looks like.

Rapio NeEws ror May, 1931

Some women in their thirties have the voice of an
eighteen-vear-old girl; some youngster may sound
like an advertising account executive or a rack-
eteer. In either case, the voice must determine
the choice for the role.

While each of the production men at NBC has
his own ideas, production methods follow certain
general rules. When a script has been received
the producer’s first problem is casting. Although
auditions sometinies number well over a hundred
a week, they are seldom productive of any real
talent. The result is that production men have a
group of well-established, trained and competent
actors and actresses to call upon whose voice types
are definitely marked and who are accustomed to
broadcasting in several shows each week.

When the cast has been assembled the first re-
hearsal usually takes the form of a “play-reading”
session. The producer gives his interpretation of
the script and indicates how each of the scenes is
to be handled. The actors then read
through the show.

The dress rehearsal for each plav is
held immediately preceding the broad-
cast and in the same studio to be used
when it goes on the air. Sound effects
are “cued” into the script at this re-
hearsal for the first and only time. The
producer also times the show, making
whatever cuts may be necessary or ar-
ranging for longer musical interludes if
they are indicated. {Cont’d on page 1018)

While the law-breakers were trying to
escape across the ice during a thunder-
storm these boys in the studio of a Cana-
dian broadcasting station gave listeners a
first ear-account of how the Northwest
Mounted sound when getting their man
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Setting the

“Feed-Back

Whistle

to Music

979

An ex-sign flasher serves as an automatic player for
the electric organ

With the simple apparatus described in this article the much maligned feed-
back “peanut” whistle becomes music and provides the principle upon which
this vacuum tube organ with its one-octave range is built

By Louis F. Leuck

countered in modern, factory built receivers. That

could not be said with any degree of truth until re-

cently, and as to homemade audio amplifiers—well
some of them still want to howl. This howl has now been
successfully converted into music. An “electric organ” that
did this very thing was built at the University of Nebraska
for display on Engineers’ Night and it was a “howling” success,
literally and figuratively. Not only did a meager musical
education suffice to pick out tunes on its eight keyvs but an
automatic player attachment, built with an old sign flasher
as a foundation, ground out the University song in fine shape.
And the strange part of it is that the tones emitted from this
“organ” are not harsh but actually full, rich, and pleasing.
This is because they are rich in harmonics, containing practi-
cally all of them as will be discussed more fully later.

g HOWLING audio frequency amplifier is seldom en-

The “How” and “Why”

If a two tube resistance coupled amplifier is built and the
output from the plate of the second tube is coupled back to
the grid of the first. as indicated by the dotted line in Figure
1a, the result will be a one tone “electric organ.” Only one
plate battery is actually necessary but the diagram is given
in this simplified form not only because it is easier to under-
stand but because it can readily be arranged in the form shown

in Figure 1b. The two circuit arrangements are exactly the
same. Note that there is really no “first” and “second” tubes
as far as amplification is concerned. Either tube has just as
much right to be considered “first” as the other. Each tube
occupies an exactly similar position in the circuit with respect
to the other.

Due to its many harmonics this circuit is useful in labora-
tories for the calibration of frequency meters. In this case
it is usually drawn in the form of Figure 1b and is called a
multivibrator.

Suitable arrangements must of course be made to couple
the output to a loudspeaker. Figure 2 shows how this was
done by means of a third tube which also served as a step of
amplification. A good audio frequency transformer was a
necessity to prevent the quality from suffering due to sup-
pressed or over emphasized harmonics. A fixed condenser
was required in series with the transformer primary as the
app}?ratus will not function if d.c. is permitted to flow in this
path.

The “organ” covers one octave. The figure also shows the ar-
rangement for securing the eight different tones. C1 of Figure 1
has been replaced by a group of (Continued on page 1039)

ouTPUT

)
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Figure 1. These two circuits are identjcal and both represent
the fundamental circuit of this “electric organ”

Here is the complete electric organ with the one octave key-
board in the foreground
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One of the authors making laboratory measurements of ultra-violet radiation, employing the photo-electric cell
and amplifier shown at the right

HE time approaches when no science can do without

radio or radio engineers. To the already well-known

services rendered by radio engineering in the handling

of sound, the measurement of distance, the precise de-
termination of time and many other scientific tasks, there have
been added recently substantial contributions to one of the
most difficult problems of practical physics, the precise meas-
urement of ultra-violet rays now so important in maintaining
health, in the treatment of foods and in scores of other indus-
trial jobs.

As these uses of ultra-violet radiation have become extensive
and widespread, there is an increasing demand for precise and
dependable instruments to measure such radiation. Such
ultra-violet meters must meet the practical requirements
of industry and commerce. At the same time they must
approach the precision and constancy of laboratory measure-
ments. Several types of such instruments now are avail-
able, using photo-electric cells, vacuum-tube amplifiers and
other devices developed by radio engineers and familiar to
Tadio science.

Until recently it has been the practice to measure the
amount and kind of ultra-violet radiation by means of its effect
on a photographic plate, its effect in producing certain chemical
changes, the fluorescence or glowing properties of certain mate-
rials or by means of a thermopile connected to a galvanometer.
The first three methods scarcely meet the requirements of an
accurate measuring device. They are not sufficiently precise
nor sufficiently constant in their results. Also, they are apt to
be too slow and to require too much technical skill in use.
The latter criticisms apply, also, to the thermopile method,
especially for use in such immediate practical activities as the
industrial uses of ultra-violet radiation, in the sterilization of
water, the production of vitamin D in foods, the treatment of
cigarette tobacco to increase “mildness,” and others.

In the majority of such instances it is necessary to deter-
mine not only the amount of radiation but also the exact
“band” or wavelength being used. Usually only certain parts
of the total range of ultra-violet radiation produce the desired
effects. This is true, for example, of the present extensive
use of ultra-violet radiation for its therapeutic and health ef-
fects, as employed by the medical profession or by the general
public in the form of the large number of “sun lamps” or
“health lamps” which are now available on the market. These
uses again demand a measuring instrument with which the
physicist can determine the amount and kind of radiation
available from the lamp used so that he may know accurately
what exposure is necessary for the proper “dosage.” Even

*New York University, School of Commerce.

laymen can use an ultra-violet meter to judge the effectiveness
of his “health lamp.”

A fully satisfactory ultra-violet meter for modern uses re-
quires the following characteristics: (1) It must be suf-
ficiently rugged and light to be portable; (2) it must read
accurately the amount of energy which is present in a given
band of wavelengths; and (3) it must measure directly, in
acceptable units on an indicating meter, the energy present in
the source; (4) it must be sufficiently sensitive to detect small
amounts of radiation. Only two general methods now known
can be imagined able to meet these requirements.

One of these employs the thermopile-galvanometer combi-
nation. This method has certain inherent drawbacks which are
difficult if not impossible to overcome. The thermopile is a
device which converts radiation into electric energy. The
thermopile is sensitive not only to all ultra-violet radiation,
but to visible and heat radiation also. This necessitates either
the use of ray filters or of a spectroscope in front of the
thermopile. Because filters never have a sharp “cut-off,” their
use requires complicated correction factors, whether used in
front of a photo-cell or thermopile. When used in front of a
thermopile, moreover, they may become secondary sources of
radiation and thereby introduce a serious error. A spectro-
scope is expensive and impractical for the average commercial

meter. A galvanometer, sensitive enough to detect electric
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Figure 1. Current response of different photo-cells to radia-

tion of various wavelengths. (I) Potassium, reproduced from

Pohl and Pringsheim; (II) cesium-oxide, from Killer; (III)

uranium in Corex, from Rentschler; (IV) cadmium in quartz,
from Grifith and Taylor
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“Black Light” "y

The new art of Electronics, or the application of radio principles and appa-

ratus including vacuum tubes, photo-
ences, offers great opportunity to the informed radio technician.

cells, relays and meters to other sci-
In this

article are described some practical methods and circuits for measuring ultra-
violet light intensities with sensitive photo-tubes

By C. C. Clark
and C. A. Johnson*

Sl

The photo-cell-amplifier unit on the next page with the shield-
ing partly removed to show amplifier stage

current from an average thermopile, is too delicate for use in a
rugged portable meter.

The other method consists of a photo-electric cell to detect
the radiation and some kind of a reading device to indicate the
amount of electric energy generated in the photo-clectric cell
by the ultra-violet rays. This promises to be the best type
of measuring instrument for a commercial ultra-violet meter.

There are two general types of photo-cells: vacuum and
gas-filled. In each of these general groups there are many
kinds of cells having various values of response, per unit of
radiant energy, at different wavelengths of radiation. For
example, a gas-filled photo-cell with a cathode of potassium
hydride is very sensitive to visible light, with its peak of sen-
sitivity in blue light at about 4500 Angstrom units. The cae-
sium cell developed by the General Electric Company is sensi-
tive both to visible light and to infra-red radiation, with two
peaks of sensitivity at about 3300 Angstroms and at 8000
Angstrom units, respectively. Other photo-cells are sensitive
chietly to ultra-violet radiation. A cadmium cell with a quartz
window, for example, is sensitive to the wavelength band be-
tween 2000 Angstrom units and 3000 Angstrom units. The
uranium cell in Corex glass, developed by Dr. H. C. Rentschler
of the Westinghouse Lamp Company, is sensitive over the

Measuring monochromatic ultra-violet rays in the laboratory. At the
left is the photo-cell. At the right is the large quartz spectroscope

adjusted to the ray source

band between 2800 Angstrom units and 3200 Angstrom units,
with its peak at about 3000 Angstrom units. The sensitivity
curves of these cells are given in Figure 1.

Gas-filled cells, while much more sensitive than vacuum
ones, are sometimes unstable in their response and therefore
require frequent recalibration. For this reason none but
vacuum cells may be used in a commercial measuring device
for ultra-violet radiation. Since these vacuum photo-cells
have low-current outputs, it is necessary to employ especially
sensitive recording apparatus, such as an electrome-
ter, or to amplify the low output and use a less
sensitive and more rugged meter. The latter method
promises to be much more practical and is notable
for using relatively simple extensions of well-tested

o radio technique.
% As before considered, a practical method of mea-
e suring the relatively feeble currents from the photo-

cell must combine reasonable accuracy and speed in

taking readings with ruggedness and portability. In
the case of the uranium cell, cells which are selectively sensi-
tive to ultra-violet, the current to be measured may be 10—
amperes or even less. This requires a current amplification of
10,000 times or more in order that an instrument even as
rugged as a micro-ammeter may be used. In field work it is
often inconvenient and frequently impossible to use any type
of laboratory galvanometer less rugged than such a micro-
ammeter.

One solution of this problem is the device worked out by
Dr. H. C. Rentschler, which does away with the use of any
direct indicating meter. In place of the meter, the current
passed by the photo-cell charges a condenser at a rate deter-
mined by the activity of the cell. When this condenser is
charged to a certain pontential, a glow-discharge tube spills
over and discharges through a relay winding, thus operating a
counter. The number of counts per “unit time” is propor-
tional to the intensity of the radiation entering the photo-
cell. A device on the counter breaks the discharge circuit
when the counter operates. so that the condenser and the cir-
cuit is ready to receive the next cycle of charge and discharge.
The sensitivity of this meter may be adjusted by varying the
capacity of the condenser. ’

The ordinary three-electrode vacuum tube has been used
in a variety of ways to amplify the ouptut of a photo-
electric cell for use in photometry. Figure 2 is a com-
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The introduction of the screen-grid tube made possible cer-
tain advances in the application of the photo cell to ultra-
violet photometry. Figure 3 shows a circuit using type —32
vacuum tube for amplifying the output of a uranium cell.
The control grid-bias is adjusted by means of the potentiometer
for zero plate current. The deflection of the micro-ammeter
is then proportional to the light on the photo-cell, and, since
the uranium cell is sensitive only to the part of the spectrum in
which we are interested, this hook-up makes a quite satisfac-
tory portable meter for measuring ordinary levels of ultra-
violet light. This circuit has been applied by Harris (Jowurnal
of Scientific Instruments, volume 6, page 2, 1929) to the
measurement of the output of a cadmium photo-cell using a
type —22 vacuum tube as the amplifier in place of the type —32
shown in Figure 3.

This circuit, however, is not always sufficiently sensitive for
some of the work in ultra-violet measurement which is often
necessary in the laboratory and some-
times in field work.
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Figure 4. (Above) The new FP-54 ampli-

fier tube and its circuit. This tube is far

One of the most recent contributions to

more sensitive than the usual three and
four-element amplifier tubes

Figure 2. (Right) An ordinary three-
element tube used to amplify the output
of a photo-electric cell

mon type of hook-up for this purpose.
The changes in grid potential are pro-
portional to the IR drop across the re-

the problem of photo-cell amplification
was the development of the FP-34 plio-
tron by the vacuum tube engineering de-
partment of the General Electric Com-
pany. This tube is sometimes referred to
as the “low grid-current” tube, because
every precaution has been taken in its
design and construction to minimize grid
current. The result is that the grid cur-
rent is of the order of 10—° amperes.
Since the ordinary triode. under the best

sistor, R, and accordingly, the change
in plate current Ip is directly propor-
tional to the photo-electric current, I, over the straight-
line part of the grid-volts-plate-current characteristic of the
tube. [Exact linear amplification is not extremely impor-
tant, as the system can be calibrated with a standard light
source. It is evident, from the circuit, that the sensitivity
of the hook-up is proportional to the value of the resistor,
R. For high amplification, therefore, R should have the
highest possible value. There are at least two practical
limitations to the amplification which can be obtained. In
the first place, resistors of a value higher than 10 or 15
megohms are not ordinarily obtainable commercially, although
some manufacturers will supply them up to 100 megohms on
special order. However, any ingenious experimenter can
devise ways of getting higher values if that is the only thing
lacking.

The second, and much more serious limitation, is the
problem of current leakage. Obviously. it is useless to
increase the resistance of the intended path of the photo-
electric current until it is of the same or-

conditions, will have a grid current of
perhaps 10—° amperes, it cannot be used to accurately detect
currents of that order or less. Ultra-violet photometry, on the
other hand, may involve the problem of accurately measuring
currents down to 10~ amperes.

Figure 4 is a schematic circuit for using the type FP-54
tube for this purpose. The resistance R2 should be large com-
pared to the resistance of the detecting galvanometer, so that
the galvanometer measures the plate-current change directly.
As before, the larger the value of the photo-cell resistor R1,
the greater will be the sensitivity of the instrument.

The mutual conductance of the tube is 25 x 10—* amperes
per volt. Accordingly, the value of resistor needed may be
Ip
where I is the current to be

found from the relation R =
Igm

detected in the photo-cell and Ip is the change in plate current

to be detected by the meter. For example, a current of 10—°

may be measured with a micro-ammeter (Cont’d on page 1023)

der as the parts of the circuit intended as =Y
insulators. A simple application of Ohm’s |

Figure 3 (at left). The -32
type tube offers advantages

law will show that the current will_ leak off RROTC RO over the three-element tube
through all parts of the circuit. This can be -32 . for photo-electric amplifier
prevented or at least minimized at some 7 ©\ 0 ' use

points by the proper precaution. For ex-
ample, the grid resistor mounting should be
supported in the air by the leads.

It is sometimes advantageous to cut out the
bottom of the tube base and fill in the space
around the prongs with sulphur or similar in-
sulating material. Considerable leakage may

also take place where the leads enter the
glass press of the tube itself. This can be

eliminated, of course, by bringing the grid
lead out at the top of the tube, although
it practically means constructing a special tube. It is then
necessary to keep the tube very clean and dry to prevent
leakage over the surface of the glass.

Instead of attempting to obtain so much amplification from
one tube, it is possible to use a multi-stage, direct-current
amplifier. Everyone who has worked with them knows, how-
ever, that they are apt to be unstable and that it is almost
necessary to use a separate battery supply for each stage.
This is a serious limitation for a portable ultra-violet meter.

A photo-electric cell and its shielded amplifier, the circuit
of which is shown in Figure 4
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Broadcast Receiver
- Equipment

Now
and T/égﬁ

By John F. Rider

RPRC PP T

Fundamentally the difference between radio receivers of today and those of a
decade ago is largely a matter of refinement in detail. But what magnitude these
details have assumed in producing the modern radio from the embryo of a decade ago |

ECOGNIZING the fact that radio P
fundamentals have changed very ART
little if at all during the past
15 or 20 years, it is interesting to

note the remarkable changes and improvements effected upon
commercial radio receivers and power amplifiers. This is par-
ticularly true when we realize that many of the modern basic
structures are practically identical with the basic structures of
many years ago.

About 23 years have eclapsed since the patent covering the
three-element vacuum tube was granted to De Forest. The
original circuit as specified in that patent bears a very close
resemblance to the systems in use today, as is evident in Fig-
urekl. The only thing missing in this illustration is the grid
leak.

If we probe still further we note that very little if any change
was effected in vacuum tube receiver design, that is, basically,
since the development of the earliest tube receiver, the Ultrau-
dion, by De Forest. A schematic wiring diagram of this receiver
as used in 1913 is shown in Figure 2. The receiver as shown
was popular for almost 10 years and was still in use, although
not very popular, later than 1923.

We do not intend this article as a historical description
of the radio development during the last two decades. Its
primary purpose is to show that while the
fundamentals have not changed, the modern
receiver actually difiers from the old. About
ten vears have clapsed since the advent of
commercial radio broadcasting as we under-
stand the term today. However, the first six
or seven years subsequent to the start of
popular broadcasting saw very few changes,
that is, with respect to the receiver develop-

Figure 3. One of the earliest vacuum tube

receivers, employing one of the original De-

TForest audion tubes. Quite a contrast to the
modern receiver shown above

ments of the years between 1913 and 1920
One major exception, or perhaps two, are the
development of the neutrodyne and the
super-regenerative receivers. In the case
of the former, however, the application of neutralization to
radio-frequency amplifiers was based upon prior developments
to accomplish the same effects in tuning systems. A more ex-
tended discussion will follow shortly.

The development of the vacuum tube receiver was accom-
panied by the development of the audio-frequency amplifier for
the purpose of magnifying the signal. This was back in 1913.
Reference to records of that date shows that the circuit struc-
ture of a two-stage audio amplifier was like that used today
(in battery models) with the exception of such things as by-
pass condensers and filter resistances. The major difference
between an audio amplifier of old times and the modern unit is
the available quality of reproduction. Contrast an old audio
transformer with a kard rubber rod as the core with the mod-
ern iron alloy core units. Audio-frequency amplification in

ONE
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modern radio receiver is a matter of tube design
and circuit refinements, but let it not be said
that some of the receivers used prior to the start
of the popular broadcasting stations lacked in

sensitivity.
XL The recent popularity of the superheterodyne
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Figure 10. The Fada 160, one of the first

neutrodynes. For the sake of economy

the first tube was reflexed, serving both TO & V. BATTERY

as an r.f. and a.f. amplifier ——————©° S —t——————
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days of old was usually of two tvpes,
choke and transformer coupling. We
recall experiments with five and six-
stage choke-coil coupled audio amplifiers
back in 1915. The intensity of the
speech heard was plenty. but the quality
was horrible, that is, in comparison with
the modern units.

The major differences between the old
and the new receivers may be expressed
in a few words: quality of reproduction,
selectivity and convenience of operation.
The reference to selectivity is based
upon the design of the respective receiv-
ers rather than upon the fact that selec-
tivity was not available 10 and 15 vears
ago. Considering the number of stations
in operation at that time, very little if
any trouble concerning selectivity was
encountered. The greatly increased de-
gree of sensitivity available with the

coiL

TO RADIO RECEIVER OR
PLATE CIRCUIT OF AMPLIFIER

Figure 12. The circuit of the Magnavox,
a dynamic speaker popular as early as
the vear 1919

receiver has created the impression in the minds
of many that this receiver is new.
is far distant from the truth. The superhetero-
dyne principle of operation had been considered
and worked upon by many radio investigators
prior to the advent of broadcasting and the gen-
eral circuit structure of this type of receiver
remains the same today as then, although tremen-
dous improvements have been made in details.

Referring once more to sensitivity and selec-
tivity, some very enviable records of the time
o were created by the type of receiver shown in
Figure 4. Such receivers were available prior to
1919 and were used for several vears subsequent
to 1920.

Such 2an idea

Alone, or when used with an audio

amplifier of one, two, three or more stages, they
accomplished wonders in the hands of the expe-
rienced operator. The popularity of the regener-

ative detector system waned when the
subject of tone quality became of mo-
ment. but even today one does not hear
anything but complimentary comment
about the old single-tube regenerative
detector systems.

Convenience of operation was a mat-
ter of fifth or sixth importance—per-
haps tenth importance. That such a
condition should exist is shown by the
appearance of a popular tube receiver
of the days around 1913 and later as
shown in Figure 3. Everything but the
batteries are mounted upon the front of
the panel. Each and every circuit was
equipped with a variable control in the
effort to secure utmost sensitivity. Sev-
eral recent receivers announce multi-
wavelength ranges. Such receivers were
used many years ago, and one example
of a receiver which functioned marvel-
ously upon the 150- to 20,000-meter
band is shown in schematic form in
Figure 5. It was known as the \Weagant
“X" circuit, popular for long-wave oper-
ation, but it also performed well upon
the low waves. Examine this circuit
and yvou will find three independently

FIG.
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Some of the circuits in vogue during the earliest days of broadcasting, all of which are touched on in this article
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controlled tuning condensers and four separately tuned in-
ductances. The coils designed as L, L1 and L2 were from
24 to 30 inches long and stood uprlght upon the table.
These coils were finally replaced by the honeycomb type of
inductances.

The modern receiver with its single tuning control for
four or five stages represents an infinite advance over the old
system, as is shown by the panel view of a receiver manu-
factured during the first few yecars subsequent to the start
of broadcasting. The Grebe CR-8 afforded a wavelength range
of from 500 to 24,000 meters and the panel view appears as
shown in Tigure 7. A typical broadcast receiver with a
wavelength range of from 170 (o 580 meters, the Grebe
CR-6, is shown in schematic form in Figure 6. This re-
ceiver consisted of a regencrative detector system and two
stages of audio. Each tube in the receiver was equipped
with its own filament control unit. Grid bias was not
used upon any of the audio stages and distortion as we
know it today was rampant. Plenty loud but poor quality,
although it was good for those
times. In contrast to the long-

wave CR-7, the CR-6 was known
as the Grebe short-wave receiver.

Figure 7. The Grebe CR-7, a

Short waves as we know them

JPS

high-grade one-tube receiver of

today are wavelengths below 1350
meters, or the range between 40
and 150 meters. assuming that
the waves below 40 meters are
called ultra-short waves. Each

stage was equipped with a fila-
ment and plate circuit control

1922, had about everything on
the panel but the kitchen sink

and nary a program was com-
pleted without some loss of time
and program because of required
readjustments. The modern re-

jack. Insertion of the plug con-
nected to the headphones or to
the loud speaker into any one
of the jacks automatically extin-
guished the filaments of the suc-
cceding tubes.

ceiver owner complains if an
SOS signal interferes with his
program. What would he have
done in the past if a slight jar

]
i

interrupted the program and

The start of broadcasting saw

_ perhaps ten minutes were re-
| quired to locate another sensi-

the popularization of the crystal

tive spot upon a crystal used in

receiver. The models manufac- Figure 11. One of the first receivers to draw its the open and subject to oxidiza-
tured at that Gime were even filament supply from the a.c. lines. This circuit tion?

: . S . pkh” ¢ 7 )
then much more crude than the Ut pumlsgf{i gqasf{ﬁzlngixiera{’%gaCk ingthe The number of incorrectly
crystal receivers in use for the ! operated regenerative detector

ten years previous to 1920. The

circuit diagram of a then de luxe type of crystal receiver is
shown in Figure 8. The aerial and secondary circuit were tuned
and a potential was applied to the carborundum crystal so as
to secure best operation. A buzzer system was a part of the
receiver and was used to enable pre-adjustment of the crystal
contact. A crystal of this type was far more stable than the
usual run of light contact crystals such as Galena. Strong
bursts of static or signal interfered with the response of the
Galena type of crystal. The required contact was very light

receivers multiplied with Ieaps

and bounds. So much so that within two years subsequent to
1920 more miniature transmitters (although not intended as
such) than receivers were in use. The heterodyne interference
caused by these receivers mounted to such proportions that it
was practically impossible to listen to a complete program with-
out a series of shrieks, howls, growls and whistles emanating in
some other receiver perhaps a mile away. The condition of the
air today is sublime silence by comparison. The present-day
form of electrical disturbance was unknown In years gone by
because of insufficient sensitivity, few sources of such

g EXTESNAL
STAGE DET.

LOUD
SPEAKER

disturbance and the lack of power line operation.

The interference caused by regenerative detector
systems became so great that more than one pub-
lication discussed the possibility of licensing the
owners of such receivers. Agitation was started
and one of the earliest types of radio-frequency
amplifier units intended as a blocking as well as
amplifier stage for use between the aerial and the
oscillating detector was announced in 1922. The
circuit of the Grebe RORO, a single-stage, tuned
radio-frequency amplifier is shown in Figure 9. R
in this illustration is the equivalent of the modern
grid suppressor.

Hazeltine, early in 1923, announced the neutro-
dyne receiver, with the result that the tuned radio-
frequency amplitier offering increased selectivity,
made necessary by the fact that about 570 broad-
casting stations had been licensed in the United
States and about 60 in Canada, greater sensitivity
and freedom from excessive regeneration, quieter

WAVELENGTH

PLATE BY-PASS GRID |
VARIOMETER CONDEI\?SER VARIOMETER RANGE SWITCH

ENNA
CONDENSER

operation and more friendly attitude toward one's
neighbor, started the decline of the regenerative
detector system. In a sense this invention con-

Figure 6. The circuit dlagram of the Grebe CR-6 broadcast receiver, 1922
It had four tuning dials plus numerous rheostats and switches to

model.
keep the operator amused

stituted one of if not the greatest contribution
towards the complete acceptance of radio broad-
casting by the public. A (Continued on page 1032)
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The B()StOIl Te/em'sim

The increase in the number of transmitting stations, regular program scheds
ules, practical demonstrations and the appearance of moderately priced telee
vision receivers are all helping to hasten the day of television in the home

By Joseph Calcaterra*

literally had to batter down almost impregnable walls of

public opposition, television, on the other hand, has

aroused such keen interest in an expectant public that it
has been welcomed with open arms.

The fact that television is so closely allied
with radio, an art which has made remarkable
strides in a few short years, is no doubt
responsible for this attitude on the part
of the general public. There is a feeling
that nothing is impossible to the minds
that brought radio into being as one of
the most entertaining and educational
mediums the world has ever known.

Most of the television demonstra-
tions up to the present, while interest-
ing and promising, have had very seri-
ous drawbacks in that they required
the expenditure of rather large sums of
money for equipment capable of giving
satisfactory results.

The results attained by the laboratory
staffs of the General Electric Co., the
Radio Corporation of America and the
Bell Telephone Laboratories have been
truly remarkable but the equipment
required has been so elaborate as to
make its use, by the average experi-
menter or in the average home, quite
out of the question.

IT IS a curious fact that while other inventions have

Television Not Yet Perfect

That television is far from being perfect at present is admitted

Hollis Semple Baird, whose research work
has produced the television system described
in this article

bates,” however, the arguments for and against it have usually
been based on the individual’s own conception of what consti-
tutes “practical” television.

Today we do not consider an automobile “practical” unless

it can go at least forty or fifty miles an hour for
long stretches and provide comfortable riding
qualities at such speeds. Only thirty years
ago, a “gas buggy” that could crawl along

at fifteen miles an hour, with many a
pause for roadside repairs, was consid-
ered “practical,” for it enabled its owner

to travel along at a fair speed.

Placing the present television equip-
ment in the hands of experimenters
and the public will do for television
what experimentation and testing in
the hands of the public has done for
the automobile. Most of the “impossi-
ble” things of vesterday have become
the realities of today.

That television has now reached the
stage where it is practical for the use of
the type of experimenter who was
thrilled by a few bars of music picked

out of the air in the early days of
radio, is beyond question. The days
when stage presentations, prize fights
or pageants can be viewed in the tele-
vision receiver are still in the future,
the amount of detail of a face which can be received has suffi-
cient entertainment value to justify the small expenditure
necessary to construct and install a television receiver.

Just as the engineers who have made their mark and {ortune

in the radio industry are the experimenters who “played” with

by the most ardent television
enthusiasts, but little is to be

gained and much may be lost by :
keeping television in the labora- SCHEDULES AND DATA ON
tory, awaiting the day when it
can emenge full-grown. Carrier | Fr'qcy Band : Pictures | Ratio of
All previous experience shows E;f,l.i Location Operated by Frlsq’uer?cy /}(I!’ocavti;m (fﬂ;‘t":;) 73},%?,7,? N pernd H%g‘;:tt’m
that no art can reach its highest (Kilocy.) | (Kilocycles) S| Seco idth
development unless it is brought .
= 1y . Short Wave & - A = =
out into the open so that the WIXAV | Boston, Mass. |'Felevis'n Corp.| 2870 2850-2950 500 43 15 5to6
cooperation and support of all - e = —
classes can be enlisted in bring- W2XBS | New York, N.Y.{ ™ Caceing Go. 2150 2100-2200 5000 60 20
Mg i o BeLIeGig, io i W2XCD | Passaic, N. J De Forest 2035 2000-2100 5000 48 15 5to6
The progress of radio is a @€ W21 Radie Co. 3 & ;
shining example of this fact. - T T | =———- = =
Radio has made far greater WINCR | New York, N-Y.| “vision Corp. | 2000-2100 5000 18 5 5t06
progress in the last ten years woxcw| Sehenestady, | General Elce. 00021001 £ 20000 . -
than it did in the previous e -
twenty years, simply because the WAR [Lg.1s. Gy., N.y.| Radio Pictures |__ 2910 | 285072980 § wid o 0
public has been interested in its : 2150 2100-2200
development and has contrib- wigk | Sulphur Spes.. | Jenkins Tele- | 594 2000-2100 | 5000 18 15 5tob
uted, in a large measure, the _—] = —_—
. E. Pittsburgh, | Westg'se Elec.
interest and support necessary WEKAY “Pa. & Mrg. Co. 2150 2100-2200 | 20000 60 20
to push it ahead. Western Tolc- | - i SR T ,
. . A : W9X40 | Chicago, I1l. s 2050 2000-2100 500 45 15 leot
Whether or not television is vision Corp: |fj iy ©5 e
ractical has been argued pro WIXAP | Chicago, 1. | The Chicago 2150 2100-2200 1000 45 15 teol
p d £ h tf Daily News
and con for the past few years. — | —— —- -
WSS the case \Eith most “de- woxg | V. Lafavette, | pu que Univ. | 2800 2750-2850 1500 | Variable 15 Sto6

*Aerovox Wireless Corporation.
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The television transmitter in the studio is being shown to Rudy
Vallee by A. M. Morgan, president, and Hollis S. Baird, chief
engineer, of the Short-Wave and Television Corporation

radio several years ago, so also the experimenters who build
and experiment with the present comparatively crude television
outfits of today will be the television experts of the next few
vears. They are the ones who will be responsible for the many
revolutionary developments which are bound to come.

One of the most encouraging factors in the merchandising
ciforts made by concerns which are building and selling tele-
vision receivers and kits is the fact that they are carefully con-
centrating their efforts in those localities where tests and ex-
perience have definitely proved that satisfactory television re-
ception can be attained. The quality of television reception
in any given locality has been determined in a general way by
feld tests conducted either with portable receivers or through

ror May, 1931

reports of television reception by owners of television receivers.

Much helpful assistance can be rendered by television re-
ceiver owners if they report on reception to the stations.

987

Do You

Know That

regularly scheduled tele-
vision programs are now
available throughout a fair
portion of the country fo
those equipped with re-
ceiving equipment? This
article tells more about
them.

The scanning belt, synchro-
nizing unit and synchronous
motor which form the heart
of the Baird Television Sys-
tem. The motor and svn-
chronizing unit keep the
scanning belt at the receiver
in perfect step with the
scanner at the transmitting
station

ACTIVE TELEVISION STATIONS

Scanning Television Broadcasting COORDINATED SOUND PROGRAMS
Characteristics Schedules 5
(Weekdays Only) Through Srations|Frequency (Kc.) Schedule
J— { = ., B
WNAC, WEAN, o
Left to right. top 12 M. to 15 3:30 to 4 : WNBH, WLBZ, 1230, 780, 1310,
to bottom 7:30 to 10:30 P. M. WORC, WICC, ggb 1200, 1190, 2 Mto1;3:30 to4 P. M.
WDRC
Same as above 2to 5;7to 10 P. M.
U . p ho 10 A. M. to 12 M, -
Same as above 3:30 t05:9 to 10 P. M. W2XCD 1604 9tol0P. M,
Same as above 3 to 5; 8 to 10 P. M. N. Y. stations
4 to 10 l;. ?r e o i— N, 4é—to 9P, Mf?hursdays
Same as above — SIS W2XAR 1604 7 to 9 P. M. irregularly on
5to 7 P. M. other weekdays
Same as above 7to9P. M.
2. N Exporifmentinl_ No regu: . B B E;::;;ogra;:aperi—
Samjaslabose {ar schedule WSXK 6140 mental and irregular
1:45 to 2; 4:30 to 5 L T 1:45 to 2 4:30 to 5;
5 3 ' WIBO 560 A
Right toleft, top 7:30 t0 8 P. M. 7:30 10 8 P. M.
to bottom = - - T s :
12:15 to 1; 3 to 3:205 4 to 9 - Irregularly during tele-
4:30;7t0 7:3038t0 8:45 P M. WMAQ 670 Vision schedules
Left to right, top Experimental. No regu- -
to bottom lar schedule
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The television art is as yet too young and the number of
television receivers too few to permit a definite estimate of the
distances which can be covered

by television signals of any
given strength. However. as the
number of receiving stations in-
creases and reports of reception
are received, accurate estimates
of probable areas which are cov-
ered by transmitting stations
will be mapped out, just as in
earlier days, reports from listen-
ers-in and field strength tests
conducted by mobile testing sta-
tions made it possible to esti-
mate with a fair degree of ac-
curacy, the areas over which a
broadcast station of any given
power could be expected to be
heard satisfactorily.

Television Programs
Improving

Another encouraging feature
of the television situation is the
fact that television stations are
realizing that in order to keep
their hold on both the experi-
menter and the general public,
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Rudy Vallee, popular stage and radio entertainer. “looks in” on a

television feature coming in through the television receiver

worthwhile programs must be put on the air. In this they are
following in the pioncering footsteps of some of the early
radio stations.

Many of the old-timers can remember when the “program”
from a broadcasting station consisted simply of remarks such
as “Do you hear me now>’ “How am I coming over now?”
and other such choice testing phrases, interspersed with an
occasional reading from a book or a snatch of a song. Grad-
usually, however, program material improved until now the en-
tertainment value of radio is unquestioned.

The same evolution is taking place in television broadcast-
ing. Instead of simple facial movements. actual synchronized
voice and visual broadcasts are now being put on the air.

Just recently a number of combined voice and visual broad-
cast programs have been transmitted from the studio of Sta-
tion WIXAV of the Shortwave and Television Corporation.
The combined transmission of sound and pictures was accom-
plished by transmitting the pictures direct from the aerial of
Station W1XAV and the sound from a near-by station trans-
mitting on a broadcasting wavelength. A telephone line con-
nected the microphone at the television studio with
the sound broadcasting station.

The voice was broadcast over the aerial of the
sound transmitting station simultaneously with the
transmission of the picture from station WEXAV.
At the receiving end the voice was received on a
standard broadcast receiver while the picture was
received on the combination shortwave and tele-
vision receiver. Voice and picture were perfectly
synchronized.

The entertainment and educational value of the
transmission of the voice and face of a prominent
speaker such as the President of the United States
or of a popular entertainer such as Rudy Vallee is
obvious.

Television programs are being planned which make

The transmitter room at WIXAV. The first panel at
the left is the speech amplifier and next to it the
television modulator and amplifier. At the right is
the power amplifier with a 500-watt output stage

Rapio News ror May, 1931

Fr Features of the Baird \[
Television System

1. Small in size. Panel is only 15" x 15", per-
mitting installation in a console no larger than a
standard radio cabinet.

2. Universal in its application. Can be adapted
quickly and easily for reception of 24, 45, 48 or 60
line pictures at speed of 15 or 20 pictures per
second.

3. Syuchronization on signal instead of on power
line, making the speed of the scanner independent
of variations in the power line frequency, voltage
or load.

{. Receiver portion of the outfit may be used
for both short-wave and broadcasting wavelengths
by means of interchangeable plug-in coils.

S. Uses a resistance-coupled audio amplifier giv-
ing a comparatively low gain per stage, but free
from interstage coupling and distortion, thus elim- J

J inating the need for expensive filtering arrange-
\ ments.

the best of the material available. Broadcasts of singers.
talkers and other features are being arranged which take full
advantage of the fact that in such transmissions the face
and voice of the performer are the most important features.
The time is not far off when these features will be trans-
mitted on the same regular schedules as radio broadcasts.
Some people who scoff at the entertainment value of tele-
vision broadcasts mention the fact that there are compara-
tively few stations which are broadcasting television pro-
grams. Such people might be reminded of the fact that in
the beginning only two or three stations were broadcasting
radio programs on the limited wavelengths of 360 and 400
meters, with programs limited for the most part to talks
and phonograph reproductions. As soon as the interest in
television increases, the number of stations will increase and
the programs will improve.

Type of Image Received

The images received with equipment now available are some-
what coarser than the halftone illustrations seen in the average
newspaper. The maximum field of vision or limit of area
which can be transmitted and received with good detail includes
the face and part of the bust of a man or woman or any other
object of similar proportions, with all the light tones which
bring out the features. Under favorable conditions, the fea-
tures of a known person can be recognized. The movements of
the lips, eyes and other features are easily discernible.

It is interesting to note that merchandisers of television
outfits are anxious to avoid any semblance of misrepresentation
in selling their products. The Shortwave and Television Cor-
poration, for instance, has made arrangements to install tele-
vision demonstration outfits in all Kresge Green Front 25c. to
$1.00 Stores located within the transmitting range of existing
television stations. In this way per- (Continued on page 1028)
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Testing
Power

Transtormers
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A view of the test set-up employed by
the author for detecting shorted turns
in transformer coils

This simple apparatus provides an accurate and effective means for detect-
ing shorted turns in power transformer windings and should be of interest
to engineers and others engaged in inspection and production work

HE engineering department of

most well-planned radio manu- b

facturing organizations is com- By I‘Ierbert

posed of two divisions. First,
there is the research and design division, which is concerned
with the development of new models embodying the fructifica-
tion of advanced knowledge, and, second, there is the test
engineering division. It 1s among the duties of the latter to
sec that the set in production conforms to the specifications
set down by the design division. To do so it must devise test
equipment which is secnsitive enough to find minute and
elusive faults, rapid enough in operation to be practical for
production purposes, and yet simple enough to be handled by
the average factory operator. Often this is an ingenuity-taxing
jobh.

Shorted Turns

For illustration, we shall consider the matter of shorted
turns in coils. In some pieces of apparatus the presence of
shorted turns has no deleterious effect, in some it is desirable,
but in others it is disastrous. Filter choke coils may have a
comparatively large percentage of shorted turns with no more
serious effects than a decrease in inductance and a resultant
decrease in the effectiveness of the filtering—usually not enough
to be detected by ear. A certain percentage of shorted turns
in an audio-frequency transformer will flatten out peaks in its
amplification ws. frequency curve and are therefore rather
desirable. On the other hand, a single shorted turn in a power
transformer may result ultimately in its destruction.

Consider, for a moment, the design of the average power
transformer. It probably has five turns per volt, a high-
voltage secondary of No. 30 enamel wire and a rated tempera-
ture rise under load of about 40° Cent. The average length
per turn in the high-voltage sccondary is 6 inches. It has a
resistance at normal operating temperature of approximately
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0.065 ohm. Assume this turn to be
shorted on itself through a negligible
contact resistance—it becomes practi-
cally a unity-power-factor load of 0.065
ohm across a 1/5-volt supply. The current flowing will be
0.2

M. Isaacson

or 3 amperes. This is 30 times normal current and the

0.065

heat generated will be 900 times normal. This heat from the
single shorted turn will be conducted to adjacent turns, and
their insulation will be broken down. (Enamel insulation will
not withstand a temperature much in excess of 100° Cent.)
The action is progressive—a vicious circle being created—
shorted turns generating heat which causes more shorted turns
which in turn generate still more heat, until the entire trans-
former 1s destroyed.

Detection of Defects

A watlmeter or ammeter might be used to detect the pres-
ence of this initial shorted turn by the added primary power or
current. However, variation in the core material or assembly
might account for the increase of a half watt in power as easily
as would the shorted turn. Further, if the contact resistance is
not of negligible value, as assumed in our illustration (and it
usually is not), then the increase of power would be so slight
as to render its detection by a wattmeter altogether impossible.
Even if a wattmeter did detect the shorted turn, there would
be the expensive waste of having completely assembled the

transformer, and then rejecting
8500-—\‘ ]
GENERATOR
l

TUNED TO

it and reassembling it with a
HARMONIC
. "TRANSFORMEP

perfect coil. The ideal test
method would detect the
shorted turn in the coil before
it was assembled into a trans-
v
1
Figure 2. A method for de-
termining the relative am-
plitude of harmonic frequen-

former.
cies in the output of a gen-

A Better Method
erator

TELEPHONE

Such a method is herein de-
scribed. It is stable, simple to
use and capable of testing
2000 coils per day. It can be
made to have almost any de-
gree of sensitivity desired.
However, with a single-stage
amplifier, as shown in Figure 1,
holding a single loop of No. 30

Figure 1. (At left) The

schematic circuit of the ap-
paratus shown at the top of
the page

wwwW-americanradiohistorvy- com

wire, 6 inches in diameter, a
distance of one inch above the
top (Continued on page 1025)
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By
Samuel Egert

Figure 1. The receiver circuit

is a conventional one. The use

of a screen-grid detector provides

unusually smooth control of re-

generation by means of the re-
sistance R2

The receiver and transmitter set up
for operation

¥ ZHEN the average person thinks of por-

table receivers and transmitters it is usu-

/ ally in connection with some expedition,

an exploring party or something of the

kind. Few persons view such equipment in con-

nection with their own activities, yet there is

scarcely anybody who has not at one time or an-

other wished for something of the kind—some

means of communication from an isolated spot

where ordinary communication means such as the
telephone, for instance, were not available.

There are many occasions when a compact and
easily portable radio telephone or even a CW (con-
tinuous wave, code) transmitter could be used to
excellent advantage to maintain communication

o

— T ;
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LOOKING AT SOCKET | ]
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from remote points such as those in which vaca-
tionists, who have a flair for getting back to na-
ture, are likely to find themselves.

Exploring parties, movie companies on location, surveying
parties all have real use for radio equipment with which to keep
in touch with their headquarters or bases of supplies. Even
construction gangs are often in need of this kind of radio
equipment, particularly those engaged in large operations cov-
ering large tracts of land such as dam sights, water work proj-
ects, lumbering operations and the like. Many of these get
along somehow with messenger service, especially during the
earlier part of the operations while ground is being cleared.
Real savings in time, dollars and cents could be effected if
means were provided for more prompt communication service
such as that provided by the equipment described in this
article,

Some of the conditions suggested above really call for
equipment more pretentious and of higher power than
the outfit to be described here.
will be met by this simple equipment. In fact where the
distance over which communication is to be maintained
is only a few miles, this little set can be depended upon
for voice transmission. For code transmission, under
ordinary favorable conditions at night the set will reach
out to forty or fifty miles and upward without difficulty.
It is not at all unknown for a low-power transmitter such as
this to reach out hundreds or even thousands of miles with
CW, but such ranges cannot be depended upon day in and day
out, especially with the more or less uncertain qualities of the
antennas that are likely to be employed with portable equip-
ment.

For use on board a pleasure boat, cruising not too far off
shore, a small transmitter is not only a convenient thing to

have around but may, in case of emergency, help to avert a

catastrophe. There are many boats that have come to grief

But many requirements 7

warAAE-Rereanradiobhicternreome—iant o o -

This top view of the receiver with its metal case removed gives a
gopd idea of the layout of the parts, with the detector and tuned cir-
cuits confined to the left half

and the audio amplifier to the right

within a few miles of shore due to a squall coming up before a
“run to cover” could be made and when no means of com-
munication were available for summoning help.

On_e may voice the objection that there must be two ends to
the line in order to establish communication and that there is
no advantage in having a radio transmitter on board when
there is no one on shore with whom communication can be
established. Actually there is always more than a fair chance
of there being a receiver not far distant in the form of an
amateur radio station. These stations are sprinkled over
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Transmitter
and Receiver=9 I.bs

For automobile, boat, camp or hike a truly portable short-wave transmitter-
receiver offers many attractive possibilities to the amateur operator. The
battery-operated outfit described here provides for both *phone and code
transmission and is designed to meet the most drastic limitations of weight
and space, as well as to stand up under the hard wear of transportation

the country—thousands of them, each a potential
point of contact; willing to relay messages and to
render any service that can be fairly expected.

But so much for the possible uses for low-power,
portable radio equipment. Everyone can think of a
dozen experimental and practical uses for it. There
is just one bit of explanation required before the de-
scription of the equipment. Every radio transmitter,
no matter how low its power, can be operated in the
U. S. only under a license from the Department of
Commerce. Amateurs who are alrcady provided with
amateur station licenses know the ropes and to such
of them as are interested in the outfit described here,
no suggestions regarding licensing are needed. But to
others who may not be familiar with the requirements
of the Department of Commerce the suggestion is
hereby made that they apply to the office of the
Radio Inspector for their districts for infor-
mation as to the requirements; or if the 2
location of the Radio Inspector’s office is
unknown a communication addressed to

: TUBE SOCKET
—— VIEWED FROM TOP

Figure 2. The circuit of the transmitter, which may be em-

ployed for either code or voice transmission. For the latter a

microphone may be connected in series with the ground lead, as
indicated by the broken line

the Radio Division, Department of Commerce, Washington,
D. C, will bring the desired information.

Portable radio equipment, if it is to be really practical, is
called upon to meet several requirements. It must be light in
weight and small in size. It must be simple to tune and to
operate. It must be simple to set up and dismantle. It must
be designed for battery operation and in many cases will have

The antenna and ground binding

Top view of the transmitter.
posts are located at the top center of the front panel, as shown
in the foreground

to depend on “B” batteries for the plate supply. In addition
to all this it must be sufficiently rugged to stand up under the
wear and tear of transportation.

The outfit described here was designed to meet these require-
ments. It consists of a receiver in which are incorporated a
regenerative detector and two stages of transformer-coupled
audio-frequency amplification; and a transmitter which con-
sists of two type —12 tubes, in parallel, and which provides
for either voice or code transmission.

Both the transmitter and the receiver are built into metal
boxes, identical in size and also in appearance, except for the
difference in the panel layouts. The two together, in their
cases, weigh only nine pounds and occupy a total space of 10
inches by 16 inches by 6 inches. Both operate on batteries.
They are planned to employ a storage “A’” battery, although by
substituting other resistance values for those in the filament
circuits they can be readily adapted for dry-cell operation. It
will be noted that dry-cell tubes are employed in the receiver.
These require 2 volts for their filaments and 3 volts of the
surplus voltage from the storage battery provide the “C” bias.
The high voltage for the plate supply may be obtained from
the smallest sizes of “B” batteries. The transmitter plate-cur-
rent drain is rather high for these tiny batteries, however, and
for that reason, except where the utmost economy in space or
weight is essential, the medium sizes of “B’’ blocks are recom-
mended.
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The transmitter from the back shows the

Ravio News ror May, 1931

removed.

Connections to the batteries are made by means of a plug
and socket arrangement. A regular UX ‘type tube socket is
mounted on brackets within the receiver case but projects
slightly through a hole provided in the back of the metal case.
The battery cable terminates in a four-prong plug for which
purpose an old tube base will serve. The connections for the
socket are indicated in Figure 1.

This particular receiver was intended for use only on one
band and is therefore provided with only a single coil. This
is of the plug-in type, however, and other bands can be read-
ily covered with suitable coils. The coil form used is the
Pilot five-prong type, with a standard UY type socket as the
base. The coil consists of five turns of No. 24 DSC wire for
the antenna coil, 24 turns of No. 22 DSC for the secondary and
15 turns of No. 22 DSC for the tickler. All details are given
in Figures 3 and 4. This coil, together with the 100 mmid.
tuning condenser, covers a range of from 60 to 100 meters,

The Transmitter Design

The transmitter employs one of the simplest type circuits
and is inductively coupled to the antenna. It is no more com-
plicated to construct than a one-tube regenerative receiver.

In fact, it is much like such a receiver,

method of coil mounting. The antenna
tuning condenser is immediately in front

except that it employs two tubes, in
parallel, instead of one. Tuning of both

of the coil and above it is the antenna 3z
meter ANT

GRID
L

the closed circuit and the antenna cir-
cuit are provided for in the form of

Figure 5. (At right) The specifications
for the transmitter coil and mounting

variable condensers mounted on the
front panel. The main difference in de-
sign between this and a receiver lies in
the use of built-in meters. One is a

"ANT. COIL"
4 T. NS0
D.S.C. WIRE

== "pLATE cow."
6 7. NQ. 10

socket complete for those who desire to
build their own

The Receiver Design

D.5.C WIRE e
"GRID coiL” d.c. milliameter, connected in the “B”
PABLLAE, negative lead, to show the plate-current

drain. The other is the antenna meter,
a thermo-milliameter with an 0-500
range.

The transmitting inductance is also of

The receiver utilizes a screen-grid
type —32 tube in the detector stage and
two type —30 tubes in the audio stages.
Each of the three tubes draws its fila-

the plug-in type, designed to work in
the 80 meter band. It is wound on a
134 inch form and consists of the fol-
lowing windings; Antenna coil 4 turns
of No. 10 DSC wire; plate coil 5 turns

TOP VIEW OF
TRANSM'TER

col.
RECEPTACLE

ment supply through a 50 ohm resistor
connected in its individual circuit to

of No. 10 DSC wire; grid coil same as
plate coil.

provide a 3 volt bias for the grid.
There is also a 5 ohm resistance (R7)
in the common negative line. For operation from dry cells the
50 ohm resistors might be climinated and a “C” battery used
to provide the 3 volt grid bias. In that case a hand-operated
rheostat in the common “A” negative lead would provide the
necessary regulation to compensate for the battery voltage
drop. The size of this rheostat would depend upon the total
battery voltage emploved.

There is nothing tricky about the receiver circuit, the most
unusual feature being the use of a screen-grid tube for the re-
generative detector. For those who have not tried this, there is
a surprise in store in the smooth control provided over re-
generation. There is no tendency for the tube to spill over,
absolutely no fringe-howl and no “plop” when the tube goes
into or out of oscillation. As shown in the schematic diagram
of the receiver, Figure 1, control of regeneration is accom-
plished by means of a potentiometer connected across the “B”
battery and with its contact arm going to the screen-grid. In
other respects the detector circuit and the circuits of the two
audio stages are quite standard practice.

As a matter of convenience, and of comfort when wearing
headphones, a volume control is provided in the form of a po-
tentiometer connected across the secondary of the first audio
transformer. This control and the knob of the regeneration
control resistor are both on the front panel, of course, and rep-
resent the only controls, other than the single tuning control.
There is no filament switch but, instead, the jack into which
the headphones or loudspeaker are connected is of the filament-
control type which automatically turns on the filaments when
the plug is inserted and turns them off again when the plug is

Another view of the receiver. The antenna and ground_.bixpding
posts are mounted on the rear wall of the metal cabinet

= WWAN-americanradiohistorn:-eom- -« —=- = .

Provision is made for filament opera-
tion from a storage battery and the 2
ohm filament resistor (R2) is correct for this service. Should
dry cells be used, this can best be a hand-operated rheostat.
As in the receiver, the battery connections are made by means
of a plug and socket, the latter being mounted on the rear of
the transmitter. No battery switch is included in the trans-
mitter. The batteries are (Continwed on page 1033
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“Han” Receiver
to go with

The Junior

The articles thus far in Mr. Bennett’s series on “The
have concerned themselves
transmission equipment. But no amateur transmitter can
“do its stuff” unless it has as a mate a dependable receiver,
so this present article of Mr. Bennett’s is most timely

Junior Transmitter”

By Don Bennett

“ "B OW’S the transmilter working,
Don?”
“Pretty good, Gus. I'm get-

ting pure d.c. reports and from
what my monitor tells me, I believe them.
One fellow told me I had a little chirp in
the note but outside of thal the reports
are good.”

“We'll fix that chirp later. 1 know a
few stunts that will take care of it. I'm
coming around here some day soon and
straighten up this mess that you call a
station. When I do that I'll also get you
a better note. How you ever hope to
operate efficiently with things running all
over the place this way I don’t know. I’'m going to help you
clean house but I'm too lazy to do it right now. Anything
else wrong?”

“Yeah. This receiver. I'll be darned if I can get much of
anything outside the second district on it. I think if I could
hear something besides the Bronx I might find that the trans-
mitter is reaching out into far places, but the way it is—
blooie.”

“A receiver you want—a receiver you'll get. Johnny Kulik
has an ultra-modified circuit that is the berries, except for a
few little things. He gave me the circuit, look—(Figure 1).

There are two things about it that I don’t like, the way he
mixes up his tubes and the impedance coupling in the detector.

T'ransmitter

with

The author putting the final touches on the wiring job. Note that all parts are
mounted on the sub-panel which permits assembly and wiring to be completed

before partitions and front panel are mounted

The circuit was originally one used by commercials. It was
modified by the boys on the Byrd expedition to suit them and
Johnny got it from them and made some more modifications.
Now I'm going to modify it again!

“My first modification is to use all two-volt tubes. A
432 in the radio frequency stage and one in the detector, a
430 in the first audio and a 431 output tube. The 432 detector
is much more sensitive than the 112-A that Johnny used. but
unless you have the proper plate coupling, you don’t gain a
thing. A National Impedaformer, S-101, serves excellently
as a plate coupling device. Oh, say, that reminds me. I have
a copy of the National SW-5 circuit, and I think that if we
combine the good points of Johnny’s set and the National we’ll
have a darn good outfit. The main trouble
with Johnny’s set is the impedance coupling
in the detector stage. See here, (IFigure 1)
the plate of the r.f. tube goes to the tuning
coil of the detector stage and the high
voltage for the plate of the first tube Is
fed into the bottom of the coil. This
means that he has 135 volts of direct cur-
rent impressed on the grid condenser.

wa amerieanradiohistory com ———— == — — —.

Theoretically, that’s O. K., but produc-
tion condensers are not theoretical, they
have a certain amount of leakage through
the insulation and the dielectric. You may
think that this leakage would be unim-
portant but if the d.c. resistance of the
condenser is, say, 20 megohms, the leakage
currents across it will amount to about six

This top view shows the simple, clean-cut
layout employed, making for simplicity of
construction and efficiency in operation

L
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Here
all the main wiring is shown prior to installing and wiring the
chokes and by-pass condensers

All wiring is confined to the under side of the chassis.
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your v.f. and detector stages shielded from each other and
f-rprp the audio. Enclose the whole works in an aluminum
cabinet. Breadboards are passé except for experimental work.
No set works well when the parts are full of dust and dirt.
Use a cabinet every time. If you lay the job out right you
can atrange it in a very intelligent way, not only electrically
but mechanically as well. If I were you, Id fasten everything
to the base and have the panel separable as well as the enclos-
ing cabinet.

“Look, bend a piece of aluminum like a U, fasten your parts
to it, do vour wiring underneath as much as possible and you’ll
have a good solid job.”

“But listen, Gus. How about the dials and the volume
control?  They are mounted vertically on the panel.”

“Put the dials on the panel but line them up so that they
will slip off the condenser shafts easily. The volume control
and rheostat can be mounted on the chassis and a clearance
hole drilled in the panel to take care of the nut that holds
them in place. The knob will cover the extra large hole the
same as it covers the nut when mounted on a single panel.

“Look, here’s the layout—put your r.f. stage to the right.

The tuning on that is broad and you don’t

need to tune it to hold a station when you
are copying him in case he is swinging.
Put the detector on the left where you can
use your left hand for tuning while you
write with your right. The same way with
the volume control. Put that on the left
also so that it won’t Interfere with your
pencil hand. (Left-handed amateurs re-

e e e i

verse everything.) Put the first af. in
back of the detector and the second a.f. to
the right. I’d put the phone jacks in the
back of the set so that the leads can be
brought down through the table and up
under the front edge. That keeps them out

Ui

of the way. Put the filament rheostat at
the right because you den’t adjust that

ALL BYPASS
CONDENSERS . .
= .0t MFD much and it will make the panel bal-
+6V,-B-C +6V +6T.5V. +135V. —9v.
ance up.
Figure 1. An ex-commercial short-wave
circuit with modifications was one of the —
models used in designing the new circuit LJ oz L — =
§ v e ¥
Figure 2. The National SW-5 circuit which E | | ‘
contributed many of the features included 2 :l =1 LS.
by Mr. Bennett in the receiver described in _L% Lo j
this article 7 =
j !—/MSFD 4 ‘
microamperes at 135 volts. This current k 1‘]‘ Jomro ) Y] JURIC ) L) iy )
Is larger than the average incoming signal. j | J 1 ) s 2 1 )] '
Now take this National circuit (Figure 2). i X { § g 1 % )] d
They use transformer coupling, the d.c. WINDING Tl — 2 ) T ]
for the plate of the first r.f. tube being .01 MFD. ] ] 1 Lj
fed through the primary of the transformer A SW m I AN ;
coupling and only the induced radio fre- [ T— L l 50000 20000 |
quency currents are impressed on the grid | L ! 4 l
of the detector. Also the direct current enNe 5y Amer RELRAR PR RN | G

does not flow through the tuning circuit.

“Another stunt that National has is the
method of controlling regeneration. In-
stead of using a series resistor, they put a potentiometer across
the B battery and by means of the variable arm, pick off the
desired voltage for the screen grid. The only thing I don’t
like about the National job is the gang-tuning. And I'm old
fashioned enough to feel the need of separate tuning for the
r.f. and detector. If you like ganged condensers go ahead
and get one of their kits as is. One thing I think should be
adopted from Johnny’s circuit is the by-passing he uses. That
and all the r.f. chokes. That’s a darned good stunt and Johnny
told me it.doesn’t work at its best until the chokes and by-
passes are in.”

“You’d recommend combining the two circuits then, Gus?”

“Yes, I think T would.”

“I think T’ll build a new receiver. Gus, and believe me I'm
going to use your dope. How about mounting it? Would
you use a breadboard layout?”

“Absolutely no! Use aluminum and shield everything. Have

“Figure on a shield to run the length of the chassis between
the r.f. and audio stages. A shield partition should be put
between the r.f. and detector. If you use sub-panel sockets
you need not put any holes through the shield to run the inter-
stage leads. In fact, if you lay it out right, the only long
leads will be those carrying the battery voltages.

“You'll find it necessary to notch out the front of the chassis
in order to fit the dials properly. Do this before bending the
front and back edges or you might find it a tough job to cut
out the notches cleanly.” For that matter, I'd lay out the
whole chassis except the mounting holes for the tuning con-
densers before I did any bending. Drill and tap all the holes
and wire brush the surface of the aluminum after you have
finished your work. Wire brushing will make the aluminum
less susceptible to finger marks and scratches. at least they
won’t show up as badly as if the surface were bright.

“After the chassis is all drilled and bent to shape, lay out

wwWwW- americanradiehictorv com
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the panel and fasten the dials to it after
the panel has been scratched with the wire
brush. Fasten the panel to the chassis
with three round head screws and put the
{uning condensers in place. Mark off the
mounting holes for the tuning condensers
and drill them oversize. Your layout may
be a little off and oversize holes will per-
mit mounting the condenser so that the
shaft will not be under any strain what-
ever.

“Next mount all your parts, remember-
ing to put the shield cans in place at the
same time you mount the sockets. Place
the sockets so that the
filament prongs are par-
allel to the front and back
edges and away from the
edges. That 1s, the r.f.
and detector sockets
should be mounted so that
the filament prongs are to
the rear and the audio
stage sockets should have
these prongs toward the
front. This permits the
shortest possible leads to
erid and plate as well as
the filament.

“The by-pass condens-

ers are mounted under
the chassis, as are the
radio frequency chokes.

The r.f. chokes should be
mounted as close as pos-
sible to the point where
the lead in which they are
incorporated goes through the sub-panel. The leads to the
coils are run straight down through the chassis except those
that run to the tuning condensers and the control grid. These
are kept inside the can. The grid by-pass condenser in the
r.f. stage is mounted at the rear of the tuning condenser and
if stiff enough wire is used in connecting up, no further sup-
port is necessary. A small bracket, however, wouldn’t do any
harm. The grid leak type resistor in the r.i. stage is mounted
between the condenser and tube shield and you must be careful
{0 see that the terminals are well insulated from the chassis.
The easiest way to mount the grid condenser in the detector
is to use a piece of bus wire connected to the control grid cap
and to the condenser. This makes the lead as short as it

The front panel with its two main
tuning controls, the regeneration
control at the left and the fila-
ment rheostat at the right

The rear of the sub-
panel with the audio am-
plifier in a straight-line
layout. The rear edge
of the sub-panel pro-
vides for all connections

possibly can be and is
plenty rigid enough. Re-
member to leave enough
slack in the wire con-
nected to the other end
of the grid condenser to
enable you (o put the cap
on the tube.

“Make all battery con-
nections to a Yaxley cable
plug at the rear of the set. Bring out your aerial and ground
posts here too. Between them mount your two phone jacks.
It might be a good idea to leave a speaker permanently plugged
into the last jack in case you want to listen to short-wave
phone or broadcasts. Pulling your phone plug out will connect
the speaker automatically.

“Your cabinet can be made so that by removing a few screws
it can be lifted bodily off the set in case repairs are necessary.
Likewise, that is the reason for having your panel removable.
The shielding can be made the same way.”

“What size aluminum should T use, Gus?”

“Well, I think 16 gauge is about right for the panel and
chassis; in fact, you can use that (Continued on page 1016)
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Figure 3. This is the circuit finally adapted for the receiver. It represents the designer’s effort to com-
bine in one circuit the best features of the two circuits shown in Figures 1 and 2 :
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Solving "T'he Band-Spread

A new and simple coil unit for short-wave receivers which allows stations
in a given band to be “spread out,” so to speak, over more than a mere few

dial divisions.

T his new band-spread principle permits more accurate tun-

ing and greatly improves opportunity for real DX work. It may be easily
applied to any home-built short-wave receiver

case the comparison serves quite well to illustrate a
point which, up to now, has received little or no
attention in spite of its importance.

In a broadcast receiver we expect the condensers and coils
attached to the dial to tune it over a range of from 530 meters
to 200 meters, or, in kilocycles. from 330 kilocycles to 1500
kilocycles, a total spread over the tuning dial of less than
1000 kilocycles.

Yet, in short-wave reception,
in our endeavor to satisfactorily
cover from 15 meters to 130
meters, or, in kilocycles, from
20,000 kilocycles to 2000 kilo-
cycles, we are confronted with
the fact that there exists a tremendous spread
of 18,000 kilocycles.

Obviously, it is out of the question to expect
that a condenser dial will be able satisfactorily
to cover this enormous range in one-half of its
revolution and still permit station separation.
And so we have become used. in short-wave
work, to employing as many as three or four sets
of coils, so that this staggering total of 18,000
kilocycles may be covered by the one tuning
condenser. Thus we have become used to talk-
ing about the 20-meter or the 40-meter or the
80-meter coils.

! LTHOUGH it is said that comparisons are odious, in this

Critical Tuning on Short Waves

While this arrangement solves the problem of
covering all of the wave bands, each coil having
a slight overlap over the next smaller size so
that there will be no “holes” in the wave-band covered, there
is set up one disadvantage which, although quite serious, has
received little or no attention up to the present time.

This disadvantage has to do with the crowding of the dial
for a particular wave-band. Let us suppose that for the 40-
and 80-meter bands ample spread of the tuning response is
obtained over the tuning dial. Yet when the 20-meter coils
are plugged into the coil sockets the whole band might be
bunched together within a few divisions of the

= The new band-
spread coil, show-
ing the trimmer
condenser under-
neath which are
the grid-condenser
and grid-leak

that the special band-spread coils were developed. These new
coils are merely plugged in in the same manner as the standard
coils and without making any changes in the receiver itself.

The result, in the case of the 20- and 40-meter amateur bands,
is a 50-division spread, located right in the center of the dial.

Unfortunately it is impossible to spread the tuning out on the
dial and still have the same wave range completely covered by a
given number of coils. If it is desired to cover the same range but
have the tuning opened up it can only be done by
using a larger number of coils and lower tuning
capacity or something else which will be the
equivalent. However, it may be that the owner
of a short-wave receiver is interested only in
certain portions of the band between 20 meters
and 200 meters. An amateur, for instance, may
be interested only in the American amateur
bands. All he wants is to cover a narrow band
at 20 meters, another at 40 meters and another
at 80 meters. The wavelengths in between hold
little interest for him.

The Principle Employed

It is in cases such as these that the new band-
spread coils will be most useful. Instead of the
entire winding of a coil being shunted by the
tuning condenser, only a part of it is so
shunted. The range of the coil is therefore
accordingly reduced and the tuning is opened
up proportionately. In order to shift this par-
ticular desired band to the most suitable place
on the dial the trimmer condenser included in
the coil is once adjusted and thereafter requires
no attention unless some further movement of
the band is desired at a later date. In other words, the trimmer
condenser permits the operator to select the particular portion
of the band to be included within the tuning range.

One consideration involved in shunting a tuning condenser
across only a part of a coil is that when the condenser is ad-
justed for minimum capacity the coil is tuned close to its
natural period. Unfortunately, the circuit resistance increases
rapidly as the frequency approaches the natural period of the

dial. And this in spite of the fact that sound en-
gineering principles had entered into the design of
the receiver as in the case of the National SW-3
Thrill Box, where not only 270° straight fre-
quency line tuning condensers were used but also
a special vernier drum djal with large-scale diame-
ter and high-reduction ratio.

The Old-Fashioned Remedy

To overcome this evident crowding on the 20-

R
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meter band, some experimenters resorted to the

expedient of removing plates from the tuning con-
denser, but this procedure had a detrimental effect
on the tuning for other wave-bands.

It was in an effort to develop some ready means
for wide band spread at any frequency without
impairing the general purpose qualities of the SW-3

*National Company.

Figure 1. (Left) The conventional detector circuit with grid-leak' and
condenser at the top of the coil between it and the grid of the tube.
Figure 2. (Center) Here the grid-leak is located in the ¢rid return to
filament, providing same results as Figure 1. Figure 3. (Right) The band-
spread circuit showing the grid-leak and condenser in a new position.
Cl is a 100 mmfd. tuning condenser; C2, adjustable mica condenser in
parallel with tube capacity (about 3 mmfds.); C3-RI, grid-leak and
condenser located inside coil form

www americanradiohistorvy com


www.americanradiohistory.com

Rapio News ror May, 1931

oblem

111 Short-W ave
Receptzm

By James Millen*

coil. But in the case of the band-spread coils
the shunt capacity furnished by the trimmer
condenser plus the capacity of the tube itself
keep the circuit well below the natural frequency
of the coil. The variation in circuit resistance
with an approach to the natural period of the
circuit is itlustrated in Figure 5.

Efficient Design

In general appearance, as will be seen from the accompany-
ing photographs, the new band-spread coil differs from the
conventional s.w. coil only in that a lead comes out of the top
for clipping directly to the cap of the screen-grid tube in place
of ‘the lead and clip built into the re-

997

The SW-5 short-wave receiver with the new coil substituted for the
old. This substitution does not involve any changes in receiver wiring

leak R1 and the condenser C3 connect directly to the top of
the coil. Finally, the trimmer condenser C2 shunts this whole
arrangement and is In parallel with the tube capacity, connect-
ing directly from the grid to the filament.

Prong Connections and Screen-Grid Lead

ceiver. Inside the coil form, however,
will be found a small grid leak and grid
condenser as well as an adjustable low-
capacity trimmer condenser. The coil

Figure 4 shows a sketch of the coil
and indicates how the prongs of the
coill are connected, together with the
disposition of the screen-grid lead which

form itself is made of R39, the low-
loss shor{-wave coil material developed
for use in this receiver by the Radio

3 MMFD. TRIMMER

IS USED TO SHIFT

OPERATING POINT
H;RE

comes out of the top of the coil.
The particular L/C ratio arrived at in
this arrangement results in a circuit of

Frequency Laboratories of Boonton,
New Jersey. The material in this coil
form differs from regulation bakelite in
that no coloring material, filler, or wood

--COIL R.F. RESISTANCE --

OF COIL

a high order of sensitivity. This, with
the other advantageous features outlined
here, make these new band-spread coils
a happy addition to the short-wave re-

NATURAL PERIOD

flour, the latter the ingredient that in-
troduces the high-frequency losses, are
used. Instead, the pure bakelite resin
is mixed with finely ground mica.

To better understand the function of
the new band-spread coil arrangement it
is well to review briefly the circuits

-- FREQUENCY --

Figure 5. An r.f. resistance curve, indi-
cating the rise in resistance as the natu-
ral period of the coil is approached and
how the operating point is shifted to a
low resistance value by the use of the 3

ceiver art.

Although the general theory concern-
ing the use of this band-spread fprinciple
may be applied to practically all types
of short-wave receivers, the design and
construction of the coil units employing
this feature is due to the efforts of the

which have been universally employed. mmfd.
In Figure 1 is shown the conventional
tuned circuit for a detector stage. Here a coil is shunted by
a variable tuning condenser, the top end of the coil connecting
to the grid of the tube through a grid leak which is shunted
by a grid condenser, while the lower end of the coil is brought
directly to the filament. A variation of this circuit is shown
in Figure 2, where the grid leak and condenser are located in
the grid-to-filament return.
Figure 3 shows the new band-spread arrangement. It will
be seen that Cl1, the regular variable tuning condenser, now
shunts only a portion of the total inductance while the grid

TO CONTROL
GRID-,
TO RF. |
54
Figure 4. Bot-
tom of coil
form, showing

proper connec-

tions for use in

SW-35 Thrill
Box

TO
TICKLER

_.-~MAIN TUNING
4" COND. (sE 90)

TO FiL.
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engineering staff of National Company
. to provide their a.c. short-wave re-
ceivers with this desirable quality.

Technical Details

Tull technical details concerning the design, construction
and operation of this receiver appeared in an article in the June,
1930, issue of Rapro News, by Robert Kruse, well-known con-
sulting engineer on matters pertaining to short-wave transmit-
ter and- receiver design, and the writer.

The photograph at the top of this page shows an SW-5 re-
ceiver, in which the original coils have been replaced by the
new band-spread type. No alterations in the receiver itself
or the wiring were required to make this substitution. With
the new coils the frequency band covered by one will not
overlap the bands covered by the next larger and the next
smaller coils. Thus complete coverage of all short-wave bands
is not obtainable with four sets of coils as with the older types.
But with the new type the amateur can tune within the Ameri-
can amatur bands much more comfortably than heretofore.
If he wants to tune in stations falling between these bands he
can always use the old type coils interchangably with the new.
The main advantage of the band-spread coils will therefore be
offered to the amateur and to short-wave fans who are intg
ested in listening on the amateur bands.
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Philo T. Farnsworth and 4
television transmitter employ-
ing the electrical system which
he invented and which is de-
scribed in this article

Commission that he is actually transmitting a 200-line
moving picture along a 6-kilocycle channel, Philo T.
Farnsworth has now authorized this explanation of the
principles which he employs.
A youthful chief engineer of Television Laboratories, Inc.,
backed by a group of financiers at San Francisco, Philo T.
Farnsworth has made what some have termed greater progress

I \OLLOWING his announcement before the Federal Radio

Ranio News ror May, 1931

canning”
WitHOoUuT
a DISC

Much interest has been evinced in the
Farnsworth system of television because
of its many unusual features. The Farns-
worth system probably offers television
experimenters more food for thought and
study than any of the other systems to date,
for which reason this article should be of
more than usual interest

By Arthur H. Halloran

which is maintained 500-volts positive with reference to 6, by

means of a direct-current source 8. The anode consists of a

finely-woven wire cloth through whose interstices the liberated

electrons are projected into the equi-potential space formed by
the shieid 10.

Sweeping across the equi-potential space are two electro-

magnetic fields which are set up by “saw-tooth” alternating

currents, in two sets of coils placed at

right angles around the tube. When one

set of coils, diagrammatically repre-

sented by 15, is supplied with a 16-cycle

current from an oscillator 16, it causes

a magnetic field to sweep vertically

in solving the basic problems of television than has any other
research investigator in the world. Discarding the revolving
disk scanner as being too clumsy and too crude for the job, he
scans a scene at the transmitter and at

the receiver with a cathode ray beam.

The two rays are kept in exact step by

means of a control current which is —h

transmitted along with the currents -

which reproduce the moving picture. :

Whenever a ten-kilocycle channel is allo- ¥

cated for his work, he can readily trans-

mit a 400-line picture.

When this feat, which is accomplished
with inexpensive equipment, is compared with the 72-line pic-
ture for which contemporary experimenters require a 40-kilo-
cycle channel, it may be realized that television is progressing
rapidly. Negotiations which are now under way may result
in the availability of this receiver system for home use before
the end of this yvear. Consequently the readers of Rapio
NEws will want to know how and why it works.

Perhaps the easiest way to acquire this knowledge is to fol-
low through the simplified circuit diagram shown in Figure 1.
This diagram illustrates a specialized and limited case which
has been set up to facilitate an explanation. It by no means
defines the entire procedure nor shows the various other means
whereby Mr. Farnsworth is able to transmit radio movies with-
out the necessity of modulating a carrier. So with the under-
standing that it merely typifies one of a great variety of
methods, let us follow it through. -

An optical image of a moving object 5 is focused through
a.lens 3 on to a silvered mirror 6, this being coated with a
material which emits electrons when exposed to light. These
parts constitute a sensitive photo-cell of a vacuum type, en-
closed in a cylindrical glass tube 1. The mirror 6 is the
cathode. Closely adjacent and parallel to it is an anode 7,

across the tube 16 times per second.
When the other set of coils, which is
not shown in the diagram but which
can be seen in the perspective view in
Figure 2, is supplied with a 3000-cycle

TARGET
STRUCTURE

MP

Figure 2. The actual appearance of the “Dissector Tube”
emploved in the Farnsworth system and, below, a perspective
drawing of the tube showing the design details

=== > = wanne americanradiohictorn com S = —
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HE Farnsworth )
developments
mark another step in
the forward wmarch
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AMPLIFIER L.P. FILTER

of television, bring-

ing still closer the

practical reality of
television in the

J\ home )

Figure 1. The simplified schematic layout of the Farnsworth system
The portion to the

for narrow band transmission of moving pictures.
left of the dotted connecting lines is
receiver is to the right

current a magnetic field is swept horizontally across the tube
3000 times per second. Their resultant effect upon the elec-
trons in the equi-potential space is to form them into a cathode
ray image which successively issues from each tiny element of
picture area. This cathode ray is then magnetically focused
through the small aperture 11 onto the target or electron col-
lector 13.

Hereon is produced a random series of electrical pulses, each
having a square front wave (200)" X 16 — 2 = 320,000
cycles in width. Each pulse corresponds to an instantaneous
change in light intensity in each element of arca which is suc-
cessively scanned by the cathode ray. The variations in light
intensity are thus converted into corresponding variations in
current intensity. These current pulses are passed through a
S-stage admittance-ncutralized amplifier (18) which'is capable
of passing a 600-kilocvcle wave-band, with a practicaly straight
frequency characteristic. (No small feat in itself.)

Neglecting for the moment the filter 20 and the intervening
network 21-40, and assuming that a 320-kilocycle distortion-
less channel were available to transmit the amplified current
through the receiver, let us see what happens. The receiver is
another cathode-ray tube through which sweep two sets of
magnetic fields, one vertically and the other horizontally. The
currents to establish these fields are 16-cvcle and 3000-cycle
“saw-tooth” components of the 320-kilocycle band. Because
of their peculiar shape they are readily extracted from among
the other frequencies and are used to locally generate or am-
plify, through oscillators 33, sufficient current to induce the
required magnetic fields which cause a cathode ray to sweep
across a fluorescent screen 36, thus reproducing a moving pic-
ture in exact synchronism with the original moving object 5.

In this vacuum tube, or oscillite. the electron-emitting ele-
ment is a hot filament 33. The emitted eclectrons are attracted
to and projected through the aperature of a plate 35, the

the transmitter

while the

An unretouched pho-
tograph of an image
transmitted over the
Farnsworth system.
The screen effect
shown here is the
result of the print-
ing and did not ap-
pear in the photo-
graphic print from
which the cut was
made

number of projected clectrons being controlled by the current
pulses on the grid 32. The intensity of these current pulses. it
will be remembered, depends upon the intensity of the light
which initiates them. Consequently as they emerge from the
plate into the space through which the two magnetic ficlds are
sweeping, they are formed into a cathode ray which rapidly
scans the area of the fluorescent screen 36, thereby forming the
moving picture.
~ But our assumption of a 320-kilocycle distortionless channel
Is not justified for cither radio or wire transmission. In the
entire 960-kilocycle spectrum, used by American broadcasters
of speech and music, there are only three such channels pos-
sible. So the greatest problem in television, and the one which
Mr. Farnsworth is probably the first to solve in a practi