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#% RADIO-TRICIANS
uipped to Custom-Build

4 NEW H1-Q RECEIVERS

Extreme selectivity —achieved by the new

gibly-runed radio-frequency transfar-
mers@gchich aré in reality tuned “band-
pass” [1teps

Faithful reprodiggion — hitherto unobtain-

dwmguch a High degrec of selectivity
—made possiBigb®ihe “flat-top™ “band-

pass” filter-tuning garacteristic of the
radio-frequency ampfili .

Great sensitivity —affordin®eception over

megat distances by taking Wdvantage of
the“mgormous amplification@eossibilities
of the“hield-grid tubes uscl as radio
frequencygmplifiers.

%
Mechanical péyfection—manifestaliby such
giures as the flar, rigid, adkdrately
pulched metyl chassis, snuj
shiells and full¥loating bearing
for th ganged dondensers.

Al Hi-Q 29 weceivers demand your attention for the same reason as ihe
Master Hi-Q 29 shown above— finest parss, modern stage-shielded cir-
cuits, exvellent selectivity and sensitivity and wonderful tone-quality at
prices unequalled in present day radio. Junior Hi-Q 29 complete withont
cabinet, $54.35; Junior A. C. Hi-Q 29, $103.95; Master Hi-Q 29,
$99.50; Master A. C. Hi-Q 29, $151.80.

UTHORIZED Hi-Q Radio-Tricians in every
neighborhood are building the 4 new Hi-

Q 29 receivers to special order and to meer -
Local conditions—in every instance finer, more
sensitive, more selective and beautifully toned
instruments than is possible to secure through
factory-builtsets within $50 to $100 of their price.

The new Master Hi-Q 29 typifies the value
of the entire group—a completely stage-shielded
screen-grid receiver—steel chassis—only the fin-
est parts available in Radio. Circuit is the re-
sult of America’s leading parts manufacturers.
A Band Pass Filter, the latest development 1n
radio, effects absolute FLAT TOP square cut-off
TUNING with 10 kilocycle selectivity. “Cross-
talk” is impossible. Only one station can be re-
ceived at a time even in crowded high-power
station areas. A “coast-to-coast” receiver that
has wonderful sensitivity; unequalled DX re-
ception; and a quality of tone that is totally
new in radio. 4 models for battery or A. C.

NEW 80-PAGE HI-Q 29
CONSTRUCTION MANUAL

The biggest and most complete book of its kind
ever published! Tells how to build the 4 new Hi-
Q Receivers. Photos and diagrams illustrate every
detail. Covers power amplifiers, tube and battery
combinations, antennae, installation, short-wave
adapters, house wiring and a wealth of other data
on the Hi-Q custom-built radio. Price 25 cents
including postage.

HAMMARLUND-ROBERTS, Inc.

1182-C BROADWAY, NEW YORK CITY
Associate Manufacturers

o BENZAMIN
prdih
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7! r‘._
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Send Ceupon Zelow for
FREE Radio

Zo Make’3%° an 0?’
m Your Spare Fime

PADIO

Each of these plans, developed by the Radio Association
of America, is a big money-maker. Set owners everywhere want to
get rid of statlc to have their sets operate from the electric light
socket, the tone improved, and the volume increased, and trans-
formed into single-dial controls. Phonograph owners want their
machines electrified and radiofied. If you learn to render these ser-
vices, you can easily make $3.00 an hour for your spare time, to
say nothmg of the money you can make installing, servicing, repair-
ing, building radio sets, and selling supplies.

Earned Over $500.00
In His Spare Time

FrankJ. Deutsch, Penn.: “I have
made over $500 out of Radio ir

my spare time. Yours i isa great
plan for ambitious men.’

A Radio Engineer
In One Year
Claude DeGraves, Canada: “I
knew nothing aboul Radio when
I joined the Association a year
ago. I am now a member of the

Over $600,000,000 is being spent yearly for sets, supplies, service. You
can get your share of this business and, at the same time, fit your-
self for the big-pay opportunities in Radio by joining the Association.

Join the Radio Association

of America

A membership in the Association offets
you the easiest way into Radio. It will
enable you to earn $3.00 an hour up-
wards in your spare time——train you to
install, repair and build all kinds of sets
—start you in business without capital
or finance an invention—train you for
the $3,00f to $10,000 big-pay radio posi-
tions — help secure a better position at

bigger pay for you. A membership need
not cost you a cent!

The Association will give you a com-
prehensive, practical, and theoretical
training and the benefit of its Employ-
ment Service. You earn while you learn.
Our cooperative plan will make it possi-
ble for you to establish a radio store.
You have the privilege of buying radio
supplies at wholesale from the very first.

engineering staff of the DeForest
ompany and my income is 225%
grealer than at ihe time I joined.”

Doubles Income
In 6 Months
W. E. Thon, Chicago: ‘“You have
an excellent plan. Siz months
after I enrolled I secured. the
managership of large Radio store
and doubled my income.”’

ACT NOW—I§ You Wish the [ ssismssmmen
N 0- eos ﬁ M e Mber shéy PE g9 Dept RN-2 4513 Ravenswood Ave., Chicago, Il

Gentlemen: Please send me by return mail full details
To alimited number of ambitious men, we will give Special Member-

of your- Special Membership Flan, and also copy of
your Radio Idea Book.

ships that maynot — need not—cost you a cent. To secure one, write today.
We will send you details and also our book filled with dollars-and-cents
radio ideas. It will open your eyes to the money-making possibilities of Radio.

Name.
Radio Associationof America !
457»113 RavenswoodAve., Dept.RN -2 @lucago, nL @ ot

Please say you saw it in RADIO NEWS
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C. WALTER PALMER, Director Information Service
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The Short-Wave Fan % A 250-Type Amplifier and Power Pack
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In Our Next Number
THE RADIO NEWS 1929 HI-Q: This is the first The RADIO NEWS 1929 HI-Q is a flexible receiver,
broadcast receiver intended for construction by and may be adapted either to simple table cabinets
the custom radio builder and experimenter which or to large consoles containing set, loud speaker,
uses band-pass filters with screen-grid tubes. This power units and phonograph turntable with elec-
combination_ affords tremendous R.F. amplification trical pick-up. A very beautiful instrument, in-
with sharp 10-kilocycle tuning—something that has corporating all the latter features, will be made the
not been accomplished in any other screen-grid subject of a detailed Free Blueprint article.
receiver we know of. A station which is tuned in
with full volume over abecut two degrees on the Blueprint Notice
dials disappears completely when the latter are L. i
turned half a degree either way; it does not linger Readers desiring free blueprints of the sets de-
weakly in the background to mar the reception of scribed in _this issue must use the coupon on Page
other stations on adjoining wavelengths, 770. No blueprints will be sent without it.

RADIO NEWS is published on the 10th of each preceding month. Thers are 12 obtained from the publishers. Copyrighted in Germany. Reproduction of articles
numbers per year: Subscrmngg o%rlce;is 82'5% asyeér_ln U. % amIiJ pgssesstslons. in Germany s reserved for Radio, Berlin 42,
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-, ID i 3 HOW TO SUBSCRIBE FOR RADIO NEWS. Send your name, address and re-
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Egditor, RADIO NEWS, 230 Fifth Ave., New York, N. Y. TUnaccepted contribu- name of the magazine you are ordering, We also publish SCIENCE AND INVEN-

tions cannot be reltaur?ed unlesiliulilpgs,gaie has lbieen tu'Ac}uded.ld ‘fﬂl accepted culit- TION, RADIO LISTENERS’ GUIDE and AMAZING STORIES. Write clearly.

tributions gre pald. for on publication. special rate is pa: or_novel experi- o

ments; good photographs accompanying them are highly desirable. Publishers are RATES AND TERMS. The subscription rate for RADIO NEWS is $2.50 per

1 M 3 A Yyear. (12 numbers). When remitting do so by check, money order, or registered
nothresponmb}et for] 1035 rg'feim?nt‘;lsg;&ts' although every precaution is taken with letter if cash is enciosed. Avoid sending cash through’ the mail if possible: Sy
such manuscripts, upo. ceip! . scrlptmng for less than one ycar are not accepted. Subscription may be made in

RADIO NEWS. Monthly, Entered as second-class matter, July 12, 1924, at the combination ‘with SCIENCE & INVENTION, RADIO LISTENERS' GUIDE,
Post Office at New York, N. Y., under the Act of March 3, 1879. Additional entry and AMAZING STORIES.

at Duneller, NX. J. and San Francisco, Calif. Title registered U. S, Patent Office, POSTAGE. We prepay postage in all parts of the United States, Mexico “and
Copyright, 1929, by The Experimenter Publishing Co., Ine., 230 Fifth Ave., island possessions. For foreign or Canadian subscriptions ‘we require 50 cents in
New York. The contents of thls magazine are copyrighted and must not be addition to the subscription price for additional postaze charge.

reproduced in the United States without giving full credit to the publication. CHANGE OF ADDRESS. Notify us as far in advance as posdible. It Tequires
Translation into foreign languages must not be made unless permission is several weeks to make an address change on our records. Always write clearly.

The contents of RADIO NEWS are indexed in the Industrial Arts Index, copies of which can be found in every library.

Published by Experimenter Publishing Company, Inc.

H. GERNSBACK, President S. GERNSBACK, Vice-President and Treasurer IRVING S, MANHEIMER, Secretary

Member: Audit Bureau of Circulations Radio Magazine Publishers Association
Advertising Representatives: RHODES & LEISENRING '
New York Offices: 624 Graybar Building Chicago Offices: 307 North Michigan Ave,

Editorial and General Offices . . 230 Fifth Avenue, New York City
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!3 oo "f”? EE Z Q /”:“ 7 > :é~ President
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-MAII.TODAY/l

-m-- -----------m------n

H. C. LEWIS, President
COYNE ELECTRICAL SCHOOL, Dept. 29-77
. 500 So. Paulina Street, Chicago, Ill.

i Dear Mr. Lewis: Withoutobligation send me your big free catalog

l and all details of Free EmploymentService, Aviation, Radio and Auto-
: l motive Electrxcal Courses that are inciuded and how many ‘“‘earn
whilelearning.’ Iunderstand Iwilinotbe botheredby anysalesman,

H. C. LEWIS, Pres., Dept. 29-77 Est. 1899

500 So. Paulina Street, Chicago

Please say you saw it in RADIO NEWS
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S. Gernshadk's
Rgdio @rclopedia

HE most valuable of Radio Books—S. Gernsback’s
Encyclopedia—now the most beautiful.
Radio Encyclopedia is now offered in this luxurious new
binding to meet the demand for a more handsomely
The limp suede leather edition sells for
$5.00. The Keratol-leather stiff binding still can be had

bound volume.

for $2.00.

Remember—this is an encyclopedia—rnot a dictionary!
It took over two years of intensive labor to compile it.
It is the first Radio Encyclo-
pedia ever published.

0peie ong York
m 2, Cop.
I 8P Sueq, I L wighy

ity
o
Qs "5/l | SEND
(& ~.0y . inets
[ o, Srecic il g amestag a1
:3) Pogz, Olngy
bing;lage, Yag
g e

This foremost

leather |

=1

S. Gernsback’s Radio En-

—~
(&

~ cyclopedia

NO
! MONEY

ISimply pay the post-
man oni delivery.

Over 25,000 copies in the
stiff binding already sold.

contains
meaning of every word and phrase used in the entire
Radio Art. Every circuit, part and apparatus is thor-
oughly explained. A complete cross index is just one of
the many features of this remarkable book.

There are 1,930 definitions—549 diagrams, photo-
graphs and drawings—all simple and easily understood.
The book is nearly 1 inch thick and measures 9x11 inches.

the

S. GERNSBACK, 230 FIFTH AVENUE, NEW YORK CITY

Please say you saw it

in RADIO NEWS
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If all the Radio sets I've “‘fooled”
with in my time were piled on top
of each other, they'd reach about
halfway to Mars. The trouble with
me was that I thought I knew so
much about Radio that I really
didn’t know the first thing. I
thought Radio was a plaything—

that was all I could see in 1t for me.

I Thought Radio

‘as a Plaything

But Now My Eyes Are Opened, And
I'm Making Over $100 a Week!

$50 a week! Man alive, just one year
ago a salary that big would have been the
height of my ambition.

Twelve months ago I was scrimping
along on starvation wages, just barely mak-
ing both ends meet. It was the same old
story—a little job, a salary just as small as
jthe job—while I myself had been dragging
along in the rut so long I couldn’t see over
the sides.

& If you'd told me a year ago that in twelve
months’ time I would be making $100 and
more every week in the Radio business—
whew! I know I'd have thought you were
crazy. But that’s the sort of money I'm
pulling down right now—and in the future
I expect even more. Why only today—
#. But I'm getting ahead of my story. I
was hard up a year ago because I was kid-
ding myself, that’s all—not because I had
to be. I could have been holding then the
same sort of job I'm holding now, if I'd
only heen wise to myself. If you've fooled
around with Radio, but never thought of it
as a serious business, maybe you're in just
the same boat I was. If so, you'll want to
read how my eyes were opened for me.

When broadcasting first became the rage,
several years ago, I first began my dabbling
Lwith the new art of Radio. I was “nuts”
about the subject, like many thousands of
other fellows all over the country. And no
wonder! There's a fascination—something
that grabs hold of a fellow—about twirling
a little knoh and suddenly listening to a
voice speaking a thousand miles away!
Twirling it a little more and listening to
the mysterious dots and dashes of steamers
far at sea. Even today I get a thrill from
this strange force. In those days, many
times I stayed up almost the whole night
trying for DX. Many times I missed sup-
per because I couldn’'t be dragged away
from the latest circuit I was trying out.

I never seemed to get very far with it,
though. I used to read the Radio maga-
zines and occasionally a Radio book, but I
never understood the subject very clearly,
and lots of things I didn’t see through at all.

So, up to a year ago, I was just a dabbler
—1I thought Radio was a plaything. I never
realized what an enormous, fast-growing
industry Radio had come to be—employing
thousands and thousands of trained men,

Please savy

usually stayed home in the evenings after
work, Decause I didn’t make enough money
to go out very much. And generally during
the evening I'd tinker a little with Radio—
a set of my own or some friend’'s. 1 even
made a little spare change this way, which
helped a lot, but I didn’t know enough to
go very far with such work.

And as for the idea that a splendid Radio
job might be mine, if I made a little effort
to prepare for it—such an idea never en-
tered my mind. When a friend suggested
it to me one year ago, I laughed at him.

“You're kidding me,” 1 said.

“I'm not,” he replied. “Take a look at
this ad.”

He pointed to a page ad in a magazine,
an advertisement I'd seen many times but
just passed up without thinking, never
dreaming it applied to me. This time I read
the ad carefully. It told of many big op-
portunities for trained men to succeed in
the great new Radio field. With the adver-
tisement was a coupon offering a big free
book full of information. I sent the coupon
in, and in a few days received a handsome
64-page book, printed in two colors, telling
all about the opportunities in the Radio
field, and how a man can prepare quickly
and easily at home to take advantage of
these opportunities. Well, it was a revela-
tion to me. I read the book carefully, and
when I finished it I made my decision.

What’s happened in the twelve months
since that day, as I've already told you,
seems almost like a dream to me now. For
ten of those twelve months, I've had a
Radio business of my own. At first, of
course, I started it as a little proposition on
the side, under the guidance of the National
Radio Institute, the outfit that gave me my
Radio training. It wasn’t long before 1
was getting so much to do in the Radio line
that I quit my measly little clerical job, and
devoted my full time to my Radio business.

Since that time I've gone right on up,
always under the watchful guidance of my
friends at the National Radio Institute.
They would have given me just as much
help, too, if T had wanted to follow some
other line of Radio besides building my own
retail business—such as broadcasting, man-
ufacturing, experimenting, sea operating,
or any one of the score of lines they pre-
pare you for., And to think that until that

saw it im

you

day I sent for their eye-opening book, I'd
been wailing “I never had a chance!”

Now I'm making, as I-told you before,
over $100 a week. And I know the future
holds even more, for Radio is one of the
most  progressive, fastest-growing  busl-
nesses in the world today. And it’s work
that I like—work a man can get interested
in.

Here's a real tip. You may not be as bad
off as I was, But think it over—are you
satisfied? Are you making enough money,
at work that you like? Would you sign a
contract to stay where you are now for the
next ten years—making the same money?
If not, you’d better be doing something
about it instead of drifting.

This new Radio game is a live-wire field
of golden rewards. The work, in any of
the 20 different lines of Radio, is fascinat-
ing, absorbing, well paid. The National
Radio Institute—oldest and largest Radio
home-study school in the world—will train
you inexpensively in your own home to
know Radio from A to Z and to increase
your earnings in the Radio field.

Take another tip—No matter what your
plans are, no matter how much or how Iittle
you know about Radio—clip the coupon be-
low and look their free book over. It is
filled with interesting facts, figures, and
photos, and the information it will give you
is worth a few minutes of anybody’s time.
You will place yourself under no obligation
—the book is free, and is gladly sent to any-
one who wants to know about Radio. Just
address J. E. Smith, President National Ra-
dio Institute, Dept. 9NT, Washington, D. C.

1 J. E. SMITH, President, I
National Radio Institute, o
I Dept. 9NT, Washington, D. C. I
l Dear Mr. Smith:
Please send me your 64-page free book, I
I printed in two colors, giving all information
about the opportunities in Radio and how I I
I can learn quickly and easily at home to take
advantage of them. I understand this request l
I places me under no obligation, and that no
salesman will call on me. I

I Name. oo eee e iiiiitriiineneeeeressonanas I
| adaress..coooooinii i, e I
ITown ................... Ry 7:77 R |

Occupaifon, . . o 1 im o olalo|-)x o< - 5 Flaie $Y harere I

B o o o m mom o e s oo nma]
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Husge
Amplifying P

—250 type tubes, singly or in push-
pull, with unbeatable S-M tone
quality

—built into an existing receiver, or
separately for radio and phono-
graph amplification

—at prices below all competition

—this is the S-M power amplifier
story!

As a separate two-stage amplifier for homes and
small theatres, working from radio or phonograph
into a dynamic speaker, using one each 50, ’26 and
’81 tubes, the S-M 678PD far outclasses, in quality
and price, any competitive amplifiers at prices up to
double that of the 678PD: WIRED $73; KIT coms.
plete $65.

For portable use, to cover 2,000-seat or larger
auditoriums, or’outdoor crowds of up to 15,000, with
optional voice, radio or record input—the S-M 685
three-stage Public-Address Amplifier is ideal. WIRED
$160, KIT $125.

Conversion of any existing receiver to use 10 or ’50
type power tubes is accomplished with no change of wiring,
by using S-M 675ABC power supply which supplies
all ABC power for the power tube, and receiver B as
well. WIRED, $58; KIT, $54.

For large theatres, schools, hospitals, auditoriums or
Gentlemen: stadiums requiring the finest amplifying equipment, the
On my set, which is a Silver Marshall Screen S- “PA” Rack-and-Panel Ampliﬁers’ consisting of any
Grid Six, I am using a loop, and it might be required number of standard or special unit panels, will
:Rff‘{gf;‘“Fo:,"d‘i';’tgtfgekt'l‘g;"léz‘ta:vgél:e;t‘rzge'i‘:ég. provide for any class of coverage. The system illustrated
(at Rochester, N. Y.) Los Angeles, Hot Springs, allows optional selection of one of two microphones,
Arkansas; Davenport, lowa; Jacksonville, radio, or record input, with master gain control, visual
Florida a“dc?maha’ Nebraska. volume level indicator, three-stage input amplifier, test
ayton R. Bragg, Rochester, N. Y. 3 a
meter panel, input amplifier power supply, and two socket-
powered push-pull output panels of 15 watts undistorted
power output each. With a voltage gain of over 5,000
times, a frequency characteristic flat to 2 T.U.’s from 30
to 4,000 cycles (with cut-off at 4,500 cycles) and with
hysteretic distortion practically eliminated, the perform-
ance of S-M “PA” type amplifiers is unconditionally
guaranteed equal or superior to any and all competitive
American equipment.
Full information on these new amplifiers, as well as on the 720 Screen
Grid Six and other S-M sets and kits, is contained in the new December

edition of the S-M 24-page general catalog. Ask for it, or send two cents
for Data Sheet No. 9 covering the 678PD Amplifier.

S-M 720
Screen Grid Six

{See description on opposite page.)

Read What They Say About It—

Gentlemen:

I have had this kit in actual operation for
over a month and am astounded with the
results. . . Stations which my friends and my-
self had given up as “lost at sea” have come
thru like a ghost from the grave, and dance
volume from a loudspeaker from the Pacific
coast is a reality instead of a will-o-the-wisp.
And knife-edge selectivity. What a treat!

F. Lordan, Galveston, Texas.

Gentlemen:

Between 4:30 P.M. and 9:00 P.M.—knocking
off about an hour for supper—I logged 63
stations within a radius of 2000 miles. Calgary,
Alta., Canada, came in with pretty good volume
and an Army band in St. Paul, Minn. nearly
tore the speaker apart.

Jos. H. Malkin, South Norwalk, Conn.

If you build professionally, write us about
the Service Station franchises. Or if you don’t
‘build, yet want your radio to be custom-made;,
S-M will gladly refer your inquiry to an Author-
ized Silver-Marshall Service Station near you.

Are you receiving “The Radiobuilder” regu-
larly? Every issue describes new and interesting
radio developments. To all Authorized S-M
Service Stations, it comes free of charge; to
others a nominal charge is made. Use this

coupon.

Silver-Marshall, Inc.
848 W. Jackson Blvd., Chicago, U. S. A.
....Please send me, free, the complete S-M
Catalog; also sample copy of The Radiobuilder.
For enclosed.............. in stamps, send me the
following:
--.. 50c Next 12 issues of The Radiobuilder
-... $1.00 Next 25 issues of The Radiobuilder
S-M DATA SHEETS asfollows, at 2¢ each:
-...No. 1. 670B, 670ABC Reservoir Power Units
-+..No. 2. 685 Public Address Unipac
--No. 3. 730. 731, 732 *Round-the-World™ Short

Wave Sris
....No. 4. 225, 225, 226, 256, 251 Audio Trans-
formers
«...No. 5. 720 Screen Grid Six Receiver
+-..No. 6. 740 Coast-to-Coast” Screen Grid Four
--No. 7, 67SABC High-Voltage Power Supply and
676 Dynamic Speaker Amplifier
....No, 8. Sargent-Rayment Seven
-.No. 9. 678PD Phonograph Amplifier

P «.. . Name
................................... Address

L)

New Push-Pull Apparatus

And now, S-M is glad to announce new super-quality push-pull audio
transformers built on the Clough system, all offering curves flat from
below 50 cycles to well above 5,000 cycles—transformers that give to
“push-pull” a new and really startling significance. And their prices like their
quality are unbeatable!

e new 257 is a push-pull input type, to operate from one amplifier tube into
two 171A, 210, or 250 tubes, and lists at the low price of only $7.00. Type 227 is a
push-pull inter-stage transformer, to feed from two 112A, 226, or 227 tubes into
two 112A, 226, 227 or 171A, 210 or 250 tubes, and lists at $8.00.

Type 258 tapped output impedance is intended to feed from two 171A tubes
into any standard speakers. Price $5.00. Type 248 Universal output choke is de-
signed to feed out of two 210 or 250 tubes into one to six or more standard speakers,
and 'is provided with several impedance-matching taps. It will handle over 20
watts without core saturation. Price, 248 open mounted $7.00; or 228 (in same
case as 227) $8.00.

Remember—S-M guarantees these push-pull transformers to have a finer fre-
quency characteristic than any and all competitive types—bar none.

SILVER-MARSHALL, Inc.

848 West Jackson Blvd., Chicago, U. S. A.

Please say you saw 1t in RADIO NEWS
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Baw

ADIO SERVI

Official

Distributors

and

Headquarters

S-M 720 Screen-Grid Six
Barawik, the Old Reliable Radio House, is well known to readers of
Radio News. As official wholesale distributors for the products of the
Silver-Marshall laboratories, Barawik offers you this big line of radio
merchandise with the assurance that your orders will be filled on the
very day they are received. Being located only a few blocks from the
Silver-Marshall factories, Barawik can give you service such as you can
secure nowhere else.

Order your favorite S-M parts, Kits and supplies here. You’ll save time
and money by so doing. By dealing with Barawik, you will be able to
get better service, quicker deliveries and honest treatment always. Over
a quarter million satisfled customers know that Barawik service and
Barawik prices can't be beat. Thousands of Radio News readers are
regular Barawik customers and can testify to these facts.

A NEW SERVICE
TO RADIO NEWS READERS

In addition to a full line of Silver-Marshall parts, Kits and sets, Barawik
offers to you a complete line of everything in the radio field—sets, radio
furniture, tubes, power units, portable receivers, dynamic and other
speakers, parts and kits for all popular circuits, short wave and television
supplies, short wave transmitters, radiophones, public address systems,
novelties, etc. as advertised in Radio News and other radio publications.

Barawik also sells, at lowest money-saving prices, to customers the world
over, auto tires and tubes, auto accessories, electrical goods, lighting
fixtures, wiring material, household appliances, stoves, vacuum cleaners,
washing machines, camping equipment, sporting goods, golf and baseball
supplies, outing clothing and thousands of the things you and everyone
else needs the year 'round for home, office, work and recreation.

Our central location insures fast service to customers in all parts of the
country.

Radio News readers will find in the Barawik Radio Catalog and Guide
thousands of choicest bargains—the very things you need and use in
everyday life. If you haven’'t a copy of this big Cyclopedia, send for
jt'atonce. It isfree—mail the handy coupon below, while it is before you,
Send today—mnow!

[ & F 1,;.' J
218-M Canal Station

CHICAGO, ILL., U. S. A.

for S M Products

711

710

and

720
KITS

S-M 720 Sargent-Rayment Seven

720 SCREEN GRID SIX

The new S-M 720 embodies in the most perfect form the revo-
lution that screen-grid tubes have brought about in long-
distance reception. Three of these tubes in the R.F. stages,
with shielded S-M coils, bring in distant stations on the next
10 ke. channel to powerful locals! The new S-M 255 and 256
transformers set a far higher standard of tone quality than
ever known before. Custom-built complete in 700 cabinet,
list, $102.00; complete kit, with pierced metal chassis and
antique brass escutcheon but without cabinet, list, $72.50.

710 SARGENT-RAYMENT SEVEN

Designed by two famous engineers to give the very extreme
of results now possible in broadcasting reception, irrespective
of cost, the S-M 710 Sargent-Rayment Seven sets an entirely
new standard. Exhausting the tremendous distance possi-
bilities of 4-screen-grid R.F. stages—bringing in a station on
every l0-kilocycle channel right around its single-control
dial (with five auxiliary vernier knobs)—equipped with the
unequalled S-M Clough system audio amplifier—yet the 710
is only $175 list custom-built complete, or $130 list for kit
including aluminum cabinet.

saw it

Please sav you

in RADIO

g THE BARAWIK CO., £

I 218-M Canal Sta., Chicago, Iil., U.S.A. ¥

g Please send me, free of charge, your new 1929 ;

g Catalog and Buyers’ Guide of high-grade E
radio sets, kits, parts, and accessories—includ- g

g ing a full line of S-M products and the many §

g new goods for Spring and Summer. i

§ Name........ 8% 00 00 0860 0 ]
1 i
BHIE Address..........ciiiiiiiiiiiiiiiiiiiii i
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Your Own Home, Basement
or Garage Charging and Re-
pairing Batteries

Here’s your great opportunity to get into a Big
Pay field that's growing by leaps and bounds—charging and re-
pairing batteries. A $5 deposit brings all the tools and egquipment
to get started in a real business of your own that brings you $5,000 to
$15,000 a year. Clip coupon below and get complete facts.

Pocket 90c Clear Profit on $5.00 Is All You Need
Every Battery to Start

I have invented a new Service Station Clip coupon and get your Free copy of
Charger which saves 40% to 60% in elec- my book “Big Profits.”” Read how hun-
. tric current, yet handles 50% to 70% more  dreds of other fellows like yourself have
595%8# T%'(E“(I;EEKs batteries than similar outfits. Millions and established themselves in their own business.
«f mnever dre?amed millions of batteries in daily use by auto See the description of my amazing Service

owners everywhere. Amazing new principle  Station Charger. Find out about my plan for

money was so easy to h f = ey . q g 2
make. Your charger of my Service Station Charger simply establishing you in this Big Pay field for only

Address me Personally.C.F.Holmes,
Chief Engineer, Independent Elec-
tric Works, Dept. 37, 5116 Rav=
enswood Ave., Chicago, Il

has given me inde- scoops up all the business in town for you. $5. Along with the charger goes my complete $85 a WEEK _ FOR
pendence I mnever be= )My Free Book tells you how to get started. outfit of tools, supplies, testers, advertising—in ‘,}WGDERN{gTTb &
ou are the bes

fact everything that you need to do business—you

No Experience or Education can take in $20 a day or more right from the start,
: . = Get your copy of this book quick.

company 1 ever
dealt with., My
own station is

iore enjoyed.”
e

Required of ¥ bringi
Lo N Free Advertising, Tools, and B it Pieny
Why go along at $25, or $30 a wee " B e
when the battery fields holds out an oppor- WQrklng Outfits with prac-
tunity for you to make upwards of $5,000 ‘As an owner of my charger you get the benefit of my tically ng

a year? Kasy to get started with my  4vertising. When you open up, customers come right to
charger. When the outfit arrives, youre all  Jour door. No soliciting—no plugging for business. Every-
ready to begin business. Simply let the body is more than anxious to give you their trade.

2 business roll in. Charger is automatic and . "

requires no attention during operation. Operate in Full or Spare Time )

S125 r:'}',w]s DAYS Profits go into_your_ pocket without effort At first you can still work on your regular job. Go to your
‘!;oam nowl;'“;ni'?(ing on your part, Free Book tells how. job in the morning and your batteries will be fully charged when

you come home. You can make more money in this way during
your spare time than at your job. Free book explains just how to

do it.

. GET YOUR COPY OF BIG PROF ITS

Over 100 Illustrations
Tind out the facts for yourself without one cent of ex-
pense. Read what the other fellows are doing. Let me
\ show you how easy it is to get st_arted——w1th only
\ $5.00 and how quickly you can build up your own
business netting you $5,000 to $15,000 a year.
Clip and mail coupon now.

money_ easier than at
my job. Thank you
for the wonderful pros-
perity your charger
has given me.”

Address Me Personally
C. F. HOLMES, Chief Eng.

Independent Electric Works, Dept. gp
5116 Ravenswood Avenue
Chicago, Ill.

C. F. HOLMES
5116 Ravenswood Ave., Dept. 90
Chicago, Ill.

Rush me by return mail a copy of your Free
Book “Big Profits.”

Name

Address

N\ I you qre earning lesy than $902 a Week Mail Coupon)

Please say you saw it in RADIO NEWS
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Pick the RADIO J(B

}7@11 want

d fill 1t
nly 9 me

By means of this “Big-League” home-training sponsored
by Radio Corporation of America, General Electric and

Radio Operator
$90 to $200 per month
with all expenses paid

Broadcast Operator
$1,800 to $4,800 a year

C\' HY struggle along on less than $45 a week!?

Why wait years for success that can be yours in only
9 months?

As a result of a marvelous new kind of home-study
training in Radio, hundreds of men are today leading
straight for financial independence! Radio pays from
$2,000 to $25,000 a year. The work is thrilling . . . the
hours are short. Vacations with pay ... opportunities
for seeing the world . . . adventure galore!

Prepare at Home with this Big Laboratory Outfit

Get the “How” as well as the “Why” of Radio—with
this expert training! Only an hour or so a day—in
spare time—is all youneed! As part of your course,you
receive absolutely free of extra charge—a magnificent
outlay of apparatus. With this outfit you learn to build
fine sets and solve the problems that bring big pay.

Training sponsored by
RCA. . ... General Electric... . Westinghouse

Our graduates are in big demand everywhere. They
enjoy greater success because they’re posted right up-
to-the-minute in everything in Radio. Radio’s progress
eachyear is measured
by the accomplish-
ment of the great
engineers at workin
the research labora-
tories of RCA,
General Elec-
tric and West-
inghouse.
) .= These three
Radio organi-

Limited space permitsof onlyasmal
picture of the great outiay of ap- *
paratus given with the course.

Westinghouse.

Send for FREE
BOOK about Radio-

Radio Inspector
$2,000 to $4,500 a year

zations set the standards for the industry, and stand
back of every lesson in the course.

Money Back if Not Satisfied

The lessons prepare you for success in all phases of.
Radio—manufacturing, servicing, selling, ship and
shore broadcasting, Television, Photoradiograms and
Radio equipment. A signed agreement backed by
RCA assures you of complete satisfaction upon com-
pletion of the training—or your money will be
promptly refunded.

Read This Thrilling Free Book

It gives you the real “dope” about Radio and describes
indetail thefamous trainingthat has enabled us to place
thousands ofourstudentsin fine positions,usually from
3 to 10 days after graduation. It may mean the turning
point in your life. It tells in 50 fascinating pages and
photos all about Radio’s brilliant op-
portunities for adventure and suc-
cess. Mail the coupon now—the

book is absolutely free!
Radio Institute of America, Dept. }
RN-2, 326 Broadway, New York.

Radio Institute of America
Dept. RN-2
326 Broadway, New York, N. Y.

Gentlemen: Please send me your big FREE 50-page book which tells
about the brilliant opportunities in Radio and about your famous lab-
oratory-method of guaranteed radio instruction at home.

o e ot pmtan s pan po— f—

Please say youn saw

it 1n

RADIO NEWS
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LICENSED

UNDER

U.S.NAVY
PATENTS

CTR\&

Hlere's the A-C K'¢
you’ve been wamng for .

P <<

| | . . .
2 As rapidly as manufacturing permits, stores
are being supplied.
=y
Y

If your local store cannot supply you write
us direct and we will see that you are taken
care of.

2y
N
N

AT
i 1L - N
/ o — Use this Pilotone “B’’ Elimin-
T - 09 : 3 - ator No. K-107 (designed espee-
.'Above - -Th?‘A‘?’Orks show- " : &(gr%NE ially for this receiver) or Pilot
ing built-in Power. ~6.lc “B” Pack No. 5, or
At Right — Front Panel, vy ollasy ok
b g 2 g 3 eliminator.
eautiful in its single control
simplicity.  Standard size
7”7 x 18” fits all cabinets and
consoles.

including Built-in ““A’’ Power : ' ; ma—

Think of it! A.6-tube all-eloc- o

tric receiver with features found 7 i
“B" ELIMINATOR EXTRA eat res,

only in the most expensive fac-

tory-made sets . . . at a price that seems un- Latest commercial-type all-metal con-
beli bl 11 . . . struction. ;
elievable . . . all because the Pilotone Kit is All holes stamped—no drilling! 5
produced by the World’s Largest Radio Parts Plant! Single control, llluminated Dial. !
. . No batteries—all electric A-C opera- 1§
All-Metal construction insures greatest accuracy, ease tion with built-in “A” power. {
i 3 I standard A-C tubes which are ;
of construction and professional appearance. Us:osr:riécflf Betts prolong filament | §
life. g
Brookiym, Nw Sors." Suvecripsiano Design Quarserty.” published at 103-F Broadway, New compensated triple gang tuning | §
1 g i Latest push-pull amplification. .
N O g % Simplified construction means sim- g
o ‘ EiECTR‘C M FG plified assembly.
" c o Full Size construction Blue Prints
. ‘@\ : : furnished.
323 BERRY ST. “"m BROOKLYN,NY. Ng® Licensed under U. S. Navy Patents.
TRADE MARK 27 REGISTERED
“ . -
J,WORLD’S LARGEST RADIO PARTS PLANT»&

Please say you saw it in RADIO NEW S
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The Short-Wave Fan

By HUGO GERNSBACK

HEN radio was young (and when, as a matter of fact,
it was known, not as radio but as “wireless”) there was
no such thing as radio broadcasting. Radio amateurs
were at that time receiving only telegraphic messages
from the large radio stations, ships and the like, and you had to
know code to understand what was going on.

Broadcasting changed all this and, in 1921, a tremendous radio
boomn started; soon the whole country went wild about radio, and
everybody started to build a set to listen to the radioplone emis-
sions from the various broadcast stations. The nickname of “radio
fans” was given those who had built their own sets and were listen-
ing in. Lafer, as the general public became sufficiently interested in
radio, the term “B.C.L. (broadcast listener) was coined, and the
ordinary set owner is still known under this sobriquet.

History is rcpeating itself again, and we are now in the midst
of what may be termed a small, but rapidly-growing, short-wave
boom.

For many years, radio amateurs have been operating below 200
meters—their legitimate field of action—but, of late, the broadcast
stations have been invading more and more the short-wave bands;
until now there are over one hundred short-wave broadcast stations
scattered throughout this country and the rest of the world.

Usually, these stations operate in the same manner as that of
the Rapio News stations, WRNY and W2XAL; i. e; two or more
transmitters are connected together and what goes out over the
long-wave broadcast band goes out simultaneously over the low
waveband as well.

The uninitiated do not at once understand that, in order to re-
ceive the short-wave broadeast, cither they must have a set entirely
diffcrent from the one they use now; or, if they do not wish to build
a new set, there are now on the market (and short-wave enthus-
iasts can now build them) so-called “converters,” wherewith it is
possible to listen to the short-wave broadcasts from all over the
world, on your own regular broadcast receiver.

These converters, while satisfactory in many cases, are not on a
par with the separate set built purely for reception of short-wave
broadcast emissions.

T'he uninitiated and the man new to radio often wish to know
why it is necessary at all to have short-wave broadcasts. The
reason is that, with the average 500-watt broadeast transmitter,
such as most of our cities now boast, such a transmitter cannot be
heard consistently over a distance of more than about 50 miles.
The samc power in a short-wave transmitter, however, annihilates
practically all mundane distances. Thus, for instance, the Rapro
Nrws short-wave transmitter, W2XAIL, is heard consistently in
Australia, although its power is considerably below 500 watts.

It is this that malkes short-wave reception such a wonderful
thing, because distances mean nothing, and foreign stations in
many cases come in like locals on the longer waves.

The man far removed from the large broadcasting centers can
now nevertheless enjoy broadeast concerts by listening-in with a
short-wave rcceiver; and he is just as apt to pick up London or
New York as a station a few hundred miles away from him.

There is only one fundamental difficulty with short-wave re-
ception, and that is the so-called “skip-distance” effect. If you are
within a few hundred miles of a short-wave transmitter, your re-
ception of this station is not apt to be good; and often it is
impossible because of this skip-distance effect. This, however, need
not worry you; because many other stations, much further away,

will be found to come in with tremendous volume, if only you have
the patience to “fish” for them.

Of course, the tuning operation with a short-wave receiver is
quite different from that of the ordinary broadecast set. If you
have cver tried to fish for “DX” with your broadcast set, you
know that there is sometimes difficulty in holding the distant
station, due to the sharp tuning; but, when it comes to receiving
stations 5,000 or 6,000 miles away on a short-wave recciver, the
thing becomes far more difficult. This is because the tuning is
much sharper on the short waves, and the signals more elusive on
account of this; but, again, it is nothing but a matter of practice.
A little patience and perseverance will quickly make the average
broadeast fan efficient in handling a short-wave set.

And as for thrills, the old one-tube set that drew in a distant
station a thousand miles away is not at all in the class of a short-
wave set, with which distance really tzkes on a new meaning,
5,000, 8,000, 10,000 miles is an every-day performance with a_good
short-wave receiver. Of course, such reception cannot be obfined
in all localities; because short waves are apt to be freakish, and
the reception is not always of such a nature that you can get the
same station night after night. The short-wave listener, however,
is usually compensated in this; because if he cannot get London,
he probably will hear Bindhoven (Holland) or, maybe, some foreign
station ‘much further removed.

As a promoter of good will between the various countries, it
seems that the short-wave stations in the future will do far more
good than all the ambassadors throughout the world.

And the best part of short-wave reception is that a good sct
is exceedingly low priced. An excellent set can be purchased today
for $50.00; and those who build their own, and can assemble and
construct a set themselves, can do so for even less.

Until recently, it was quite the thing to receive' short-wave
broadcast stations by using headphones only. This was a habit
contracted from the old amateurs, but the fashion is quickly pass-
ing; and instead of the simple one- and two-tube scts, we now have
more advanced receivers, with which the short-wave DX programs
can be put directly on the loud speaker for the edification of the
entire family. Of course, a pair of phones may be used as an ad-
junet when hunting for a weak “whistle,” but this is not at all
necessary.

Short-wave technique is, as yet, in its infancy. Not much about
what happens to the radio waves out in space is known; but a
good deal of progress is being made. Every month sees the adding
of additional important broadcast phone stations, and soon every
important station will have its short-wave simultaneous trans-
missions.

And it looks very much as if, in a few years, broadcast stations
are likely to abandon their present wavelengths and there will
then be a general exodus down into the short-wave bands. TFor
one thing, on the shorter waves, it will be easier to take care of
more broadcasters without cramping them; secondly, in certain
regions of the short-wave band, there is less annoying static than
in the longer-wave bands.

And, the more short-wave receivers come into use, the more
will be known about this phase of the art, and the better it will
be for the industry and the public. It is a good thing that the
progress from long to short waves is slow and ovderly for, if
this were not the case, 90 per cent of the present-day radio scts
would become at once obsolete. Yet there scems to be no danger
of this, as the transition will be quite gradual and will extend over
a perviod of many years.

Mr., 'Hugo Gernsback speaks every Tuesday at 9.30 P. M. from Stations WRNY (297 meters) and W2XAL (30.91 meters) on various radio and scientific subjects.

715



www.americanradiohistory.com

716

How Radio Prospecting Takes

the Gamble Out of Mining

Methods by Which Geologists Study the Distribution of

Minerals Under Ground Before Digging In

7 By C.S. Gleason

ADIO waves, projected skyward,
have made it possible for a man to
see the face of a friend who is at
the opposite end of the earth. And

now radio waves, directed downward, are
enabling man to “see” into the depths of
the earth. This new magic is not, however,
for every one; but, in the hands of skilled
geologists, it is rendering possible the map-
ping of subterranean regions quite as accu-
rately as surveyors now plot the features
of the surface.

More and more the mining industry, once
a hazardous occupation in which most un-
dertakings were based upon mere gambler’s
chances, is coming to adopt the same scien-
tific method which characterizes most in-
dustry in the modern industrial world. Be-
fore any mwoney is invested in workings in
a new area, geologists conduct an intensive
investigation into the possibilities of return.
Under their direction, a systematic program
of “diamond drilling” is generally carried
on. “Test holes” are sunk at those points
which their knowledge of the geology of the
regions indicates as the most promising;
and the “corings” brought up to the surface
by the hollow drill enable them to determine
the nature of the formations below. Not
until they have reported favorably is money
invested to develop the area. However,
these preliminary investigations themselves
are very expensive. A good many thou-
sands of dollars may be spent in drilling
test holes and, even so, the results are more

or less doubtful, so far as knowing that

the corings are truly representative.

Notice to Gold Seekers

ROM our readers, especially

throughout the Western United
States, and other mineralized regions,
countless inquiries about prospecting
by radio have been received during
the last few years. It is evident that
in the minds of the writers, in most
cases, there is an idea that it is a
simple matter to locate gold and sil-
ver deposits in this manner. The
present article by Mr. Gleason, de-
scribing the most advanced methods
of radio prospecting now practiced on
a commercial basis, emphasizes not
only the complexity of the required
apparatus, but especinlly the need of
an expert knowledge of geology. No
amount of purely radio experience
will enable the engineer to determine
the meaning of his resulls in terms of
metals and minerals. We wish o
caution our readers that we have on
hand no further details of the con-
struction and design of the apparatus
described here, and cannot furnish
them. Please do not write to this
office for them.—EprToR.

Here is a company of radio prospectors snowshoeing over a frozen lake in the north, carrying

with them a quantity of their paraphernalia.
double lhoops are those of receivers.

The large loop is that of the transmitter, and the
(Photos courtesy The Radiore Company.)
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The radiossurveyor has to work in many places

which are not too comfortable. Minerals did
not always seek the most attractive sites to
take up their residence, ages ago.

Radio methods make it possible to take
a quick and sure survey of the ground, to
determine whether or not any ore is pres-
ent and, if so, its nature. Then, if indica-
tions warrant it, test holes can be sunk
and samples taken from the veins them-
selves permit a “quantitative analysis” of
the richness of the ore to be made. Thou-
sands of dollars may thus be saved by obvi-
ating the necessity of drilling holes in bar-
ren territory for the sake of finding a body
of ore which, even after it is struck, may
prove unprofitable to mine.

RADIO TO THE RESCUE

The principle upon which radio detection
of ore is based has long been known; but,
because of the complicated technical prob-
lems to be solved before the accuracy of
measurement could be brought to the point
where it is commercially applicable, it is
only recently that the successful application
has been achieved. A Los Angeles com-
pany has spent a number of years in de-
veloping a system of prospecting, by radio
methods, which bears the same relation to
geological structure that topographical sur-
veying does to the surface structure of the
earth. Briefly, the method consists of send-
ing out a radio wave in a given direction
by means of a transmitter energizing a loop
antenna, and noting by means of a receiver,
also equipped with a loop, any deflections
suffered by the wave as it passes over the
surface of the earth. Any conducting body,
such as a vein of ore, which lies in the path
of the wave, will cause a deviation from the
normal indication of the loop; which, as with
the radio compass used by ships for obtain-
ing nautical bearings, will ordinarily point
directly toward the transmitter.

By measurements and calculations based
upon experience, not only are the engineers
able to determine the location and the ap-
proximate size and shape of the body but,
from the information thus derived, in con-
Jjunction with other knowledge regarding the
geology of the region, they can estimate
quite accurately the character of the ore
and the location of “fault” lines. A crew
of four or five men can survev from eight
to twenty-five acres per day, according to
the topographical and geological nature of
the region. Thus a few days spent in this
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kind of a survey makes it possible to carry
on diamond drilling intelligently, instead of
depending upon the law of averages to male
the few lucky holes pay the cost of those
which yield nothing.

DETAILS OF TIIE APPARATUS

The radio field transmitter (Figs. A and
B) consists essentially of a large coil
mounted upon a tripod and equipped with
a ball-and-socket joint so that it can be
swung in any direction. Inside the coil at
the bottom, and made a part of the coil case
is the oscillator, consisting of two 7l,-watt
tubes in a full-wave cireuit, which oscillates
at a frequency of from thirty to fifty kilo-
cycles (6,000 to 10,000 meters), correspond-
ing to wavelengths used in long-distance
and transoceanic radio tclegraphy. A glass
port is provided for access to the inside of
the set and also makes it possible to observe
the tubes. The whole apparatus is mounted
like a surveyor’s transit and is equipped
with scales so that both “azimutl” (hori-
zontal) and vertical angles can be read. A
shoulder-strap is provided for easy carry-
ing; the construction throughout is abso-
lutely waterproof and very substantial—a
very neccssary characteristic of apparatus
which must facc the scvere conditions met
in field work.

Proper plate and filament voltages are ob-
tained from a 500-cycle alternator, the field
of which is supplied by three dry cells and
the crank of which is turned by hand at a
normal speed of onc hundred revolutions

Fig. A

The portable transmitier used in one svstem

of prospecting. The casing surrounds a large
loop. The tripod has wertical and horizontal
scales for tuking bearings.

ENERGIZING DIRECTION
LoopP PRIMARY FINDING COIL
) FIELD \ ')
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RTMAKY) " CURRENT/ SECONDARY

FIELD FLOW ¢ FIELD
FIG 4

The secondary field induced in the ove body

affects the divection-finder and causes a maxi-

mum reading away from the divect line to the
transmitter.

per minute. The entire power-supply unit
(Fig. C) is mounted in a waterproof steel
case and is carried separately from the
transmitter.

The receiving apparatus consists of two
parts which are carried separately: the di-
rection-finding coil, which, like the trans-
mitting or energizing coil, is mounted upon
a tripod with a universal movement and
vertical and azimuth scales, and the tuning
unit, which is enclosed in a steel casc pro-
vided with a carrying handle and which,
when the apparatus is set up for field worlk,
is swung beneath the tripod like a plumb
bob. The circuit emplovs three 199-type
tubes, current for which is supplied from
dry batteries contained in the case. Tun-
ing is accomplished by means of a tap
switch, which controls a series of fixed con-
densers of values such that the wavelength
may be varied in steps between 30 and 50
kilocycles. Finer adjustment is made pos-
sible by a small shunt condenser.

The connections are such that the detector
may be used as an ordinary stage of audio-
frequency amplification when low frequen-
cies of the order of several thousand cycles
are employed. The two stages of audio am-
plification are peaked to favor the charac-
teristic note produced by the 500-cycle plate
supply. As may be seen from Fig. D, the
recessed panel protects the controls from
damage in carrying.

THEORY OF THE SYSTEM

The theory of the direction finder is sim-
ple. Radio fans are familiar with the fact
that, when a changing magnetic field cuts
across a conductor, a current is induced in
that conductor. Since there is a magnetic
field about every wire in which current
flows, the flow of current in such a con-
ductor causes it to be surrounded by a sec-
ondary field. This sccondary field, radiating
from the conductor just as if the latter were
a second source, naturally alters the dis-
tribution of the primary field, reinforcing
it at some points and counteracting it at
others.

Now, if a loop antenna is connected to a
receiving set, a maximum signal will be
heard when the plane of the loop passes
through the source of the signal” But, if
two fields are present simultaneously, the
loop will pick up both and will respond, not
to either one only, but to the “resultant” of
the two. Thus a wave passing over ordi-
nary, fairly non-conducting “terrain,” or
country, will not be deflected appreciably
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from the normal plane. But suppose it en-
counters a conducting body, such as a vein
of ore. A secondary field is induced, which
radiates in all directions and thus intercepts
the receiver loop. The maximum reading is
no longer obtained when the loop is pointed
directly toward the transmitter, but at an-
other angle which depends upon the relative
values of the two waves.

INTERPRETING THE RESULTS

The method of interpreting the results
gained by ficld observations may be under-
stood by studying Fig. 1. In using the di-
rection finder, the surveyors map out the
ground along parallel lines called “trav-
erses,” the apparatus being set up on cach
line in turn. The loop of the transmitter is
placed in a vertical plane and pointed along
the linc toward the receiver. The direction=
finding loop is centered upon the energizing
coil; the transmitter is started and the re-
ceiving operator turns the loop upon its
vertical axis until 2 maximum signal is ob-
tained, just as in taking compass bearings.
Now the vertical axis of the loop is locked
in this position so that the coil can turn
only upon the other (horizontal) axis. The
field from the transmitter, extending down-
ward into the ground, induces a current in
the ore body, setting up a secondary field
which links with the direction-finding coil.
Now the direction finder is acted upon by
two fields: the primary, coming directly
from the transmitter and of course giving a
maximwn reading when the coil is placed in
the vertical plane; and the secondary ficld,
extending perpendicularly to the length of
the ore body and therefore at an angle to
the first.

This relationship may be better under-
stood from Fig. 2, showing the divection-
finder at position A, with the primary field
coming toward the reader and at right
angles to the plane of the paper. Now the

Fis. B

The transmitter set up for use. Its oscillating
cirenit is in the compartment under the cap in
the center,
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loop, in its effort to respond at once to both
the vertical primary field and the secondary
field (which is coming from the right to-
ward the left of the paper) takes a direc-
tion which is the “resultant” of the two
fields; hence it yields a reading which, as
traced by the dotted line, bears directly
upon the ore body.

Next the apparatus is shifted to point B
and a similar reading is taken, yielding a
second bearing upon the ore. When the
loop is set up directly over the conductor,
as at C, the reading is downward. At
points E, F, etc., the deflection is back to
the left—always toward the conductor,
which is thus definitely located by the con-
vergence of these lines. If such measure-
ments are taken at a number of points
along the length of the conductor, a profile
map may be constructed showing the actual
location of the underground deposit.

MINIMUM-SIGNAL READINGS USED

It might be said here that, although the
above diagrams indicate that the direction-
finding loop is always turned until a maxi-
nwum reading is obtained, in practise the
readings are actually taken upon the mini-
mum instead. This method, as in radio-com-
pass work, also promotes greater accuracy;
because the ear is better able to tell when
a sound is absent or at a minimum than it
is able to distinguish slight degrees of dif-
ference in loudness. Readings, can never-
theless be recorded as if the bearing were
taken upon the maximum, simply by trans-
posing all angles 90 degrees.

Does the radio direction finder tell what
kind of ore is present? Directly, no. Since
it depends upon a secondary field induced in
a conductor, any conducting material—for
example, a wet clay seam or a sheet of un-
derground water—may give a reading.
Moreover, many ores occur in formations
plentifully interspersed with quartz or other
non-conductors; so that, though the metallic
content of the ore is high, the individual
fragments are prevented from actual con-
tact, and the vein as a whole may thus be
a rather poor conductor. A condition of
this sort may be detected by testing at dif-
ferent wavelengths. Such a sample is shown
in the illustration Fig. E. The sections of

Fig. C

Old Man Armstrong furnishes the power for
the prospector’s transmitting set whose gener-

ator is shown here. It is a man’s job to pack
outfits like these over vough country, day
by day.

ore marked 1, 2, 3, and 4, although sufi-
ciently high in metallic contents to be good
conductors - themselves, are separated by
veins of insulating material so that no direct
clectrical connection exists between them.
However, because of their nearness to one
another, these fragments may be thought of
as constituting plates of a condenser.

As radio fans know, a condenser, although
it will not permit direct current to flow
through it, will pass alternating current, to
an extent determined by the frequency. A
piece of ore like the sample therefore pre-
sents an electrical circuit similar to Fig. 3.
At the high frequencies, such a circuit will
be in effect a good conductor. As the fre-
quency is lowered, however, the induced
current drops quite rapidly; so that, by va-
rying the wavelength and noting the result-
ing secondary radiation, the character of

Capn Kidd’s Treasuare

ERHAPS the most persistent

question that dogs the waking
hours of radio editors is this: “How
can I build an apparatus to locate
buried treasure? Send diagrams and
full information by return mail.” In
many cases this is inspired evidently
by local legends of pirates; in others,
confounded with radio prospecting
methods described in this article. Ve
have no hesitation in saying that, if
we had a semi-magical device for dis-
covering the treasures of the earth
and sea, we would not be following
the prosaic trade of technical journal-
ism. We also wish to give this answer
to our prospective fulure inguirers:
it is possible to locate masses of metal
at short distances but not to deter-
mine their nature, by apparatus em-
ploying a radio oscillator. dAnd a con-
siderable sum in gold or silver, as
treasure, is so compact that it would
be like the proverbial needle in- the
haystack to find. Nor will ten thou-
sand dollars in gold distinguish itself
from four dollars’ worth of lead, elec-
trically or magnetically. We dislike
to disappoint any readers who have
hopes of spending Long John Silver’s
doubloons and pieces of eight; but
patiently, kindly, and with an air of
long suffering, we must ask them not
to write to us and ask directions for
locating pirate hoards and other hid-
den fortunes.—EDITOR.

the ore body may be estimated with fair
accuracy. A “fault” may present the same
condition if (for example) the ore-bearing
stratum has slipped upward and non-con-
ducting material has filled the gap between
the sections.

CAN WE FIND BURIED TREASURE?

As will be obvious from the foregoing
discussion, these methods do not indicate
‘directly the character of the ore itself. But,
by comparing the results obtained with his
knowledge of the geology of the region, and,
perhaps, checking with the “torsion balance”
and other geophysical instruments, the min-
ing engineer is able to ascertain within the
practical requirements of accuracy the char-
acter and location of the ore he is endeav-
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Fig. D

This  receiver, looking not wunlike an old

fashioned wall-telephone, s counected to a

small loop and hangs from the surveyor’s
tripod when in use.

oring to reach. At any rate, the location
of the conducting body is certain. 1f, then,
absolute, quantitative knowledge of the min-
eral constitution of the ore bodies is re-
quired, diamond-drill holes may be sunk
with the assurance that they will reach the
“vein”; all possibility of missing the mark
is obviated.

To many people, the question immediately
comes to mind, Will this device locate bur-
ied treasure? Tngineers answer this ques-
tion with a strong NO! Under the condi-
tions usually prevailing where-buried treas-
ure is thought to be located, the method
described in this article will be of little as-
sistance. It is primarily a scientific system
for determining underground mineralization,
Its value is to the mining engineer, to tell
him where bodies of ore are located and in-
dicate their approximate size and extent;
so that he can go ahead with mining opera-
tions in the assurance that he is not merely
pouring precious dollars into a hole in the
ground.

A TASK ¥FOR EXPERTS

It should not be inferred that this radie
system renders the geologist superfluous in
mining. On the contrary, it places in his
hands a tool which makes his work infinitely
more valuable, because lie can check theory
with actual measurement before operations
are begun, instead of being obliged to pro-
ceed on his findings with the ever-present
risk that he is making costly mistakes which
can be detected only after it is too late.

On the other hand, the science of the
geologist is indispensable to the effective use
of the radio equipment; since the proper
interpretation of field notes is impossible
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The deviation of the loop reading from the divect
line toward the transmitter causes it to indicate the
position of ore which affects radio waves.
without knowledge of local geological con-
ditions. Working hand in hand, the geolo-
gist and the gcophysicist can accomplish
what neither could do alone. Not only can
they work together for their mutual advan-
tage, but the greater efficiency made pos-
sible by their greater success is reflected
throughout the mining industry and (as the
case with all such advances) the public at
large eventually benefits as well. The pure
science of yesterday is the applied science
of today, and from every new application

springs a new benefit to mankind.
EDITOR'S NOTE—THE WAVELENGTH
PROBLEM

The difliculties, also, confronting the in-
dependent prospector, in availing himself of
this ingenijous system of locating mineral
deposits, are not decreased by the present
battle-roval on the part of commercial in-
terests over the allotment of frequency- or
wavelength-bands. THitherto, at least prior
to the past year, the deplction of the avail-
able unused radio channels, like that of
some other natural resources, had passed
unnoticed, except by a few experts. Com-
mercial exploitation of the short waves, fol-
lowing amateur demonstration of the prac-
ticability of systematic transmission below
200 meters, had been experimental only, and
featured as such in the newspapers and
technical journals.

In 19928, however, all industries seemed
to awake together to the value of short-
wave communication; and the rush to
Washington to file claims on the utilizable
channels recalled the stories of gold dis-
coveries. The telegraph companies, the rail-
roads, newspapers, financial institutions, put

forward their claims to recognization for
paramount public service to be rendered.
Manufacturers and distributors who sought
private radio lines of communication be-
tween factories and offices found themselves
elhowed into second place. There were
more claimants than there were frequency-
channels to distribute.

Reckoning up the available wavebands
above ten meters, as they had been allotted
by the international radio conference, the
Radio Commission found that, instead of a
surplus, as popularly supposed, there is a
famine. Applications were scrutinized with
the utmost care, and it became evident that
no radio transmission licenses should be
granted except with a public benefit in view.

With others contesting for an allotment

HGH RESSTANCE ORE
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A picce of ore, like that pictured below, is com-
posed of tiny conducting particles set in insulating
rock; creating small capacities.
of waves, there recently appeared the repre-
sentatives of seven companies proposing to
enter into the field of radio exploration for
oil and other minerals; they enlisted in their
behalf the testimony of the Geological Sur-
vey, the Bureau of Mines, and the Geodetic
Survey as to the value of radio in survey-

ing.

It was pointed out that, while the surface
indications of the more accessible portions
of the United States have been gone over
by geologists, the problem of locating
deeper deposits calls for the use of radio.
“The continuing discovery of ore, oil and
gas deposits is a matter which concerns the
public welfare to an enormous extent, and
is comparable in its importance to the con-
tinuation of transportation facilities. The
need of the reservation of powers up to
100 watts is very great and will probably
increase with time,” it was stated on behalf
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of the Bureau of Mines. “Most of the
prospecting is done in regions remote from
radio interference and therefore offers a
nminimum of interference.”

On behalf of the oil industry, it was urged
that better regulation upon a sound business
basis could be obtained by radio survey-
ing; rather than by drilling which results
in wasteful competition, and depletion of
the oil reserves. The issunance of radio pros-
pecting licenses to the applicants was there-
fore urged as a patriotic measure, in view of
the fact that Russian, German, Dutch and
other European technicians are using radio
in oil surveys, and that the national con-
trol of the petroleum reserves yet to be de-
veloped is involved.

TFive channels, preferably in the vicinity
of 200 meters, were requested by the appli-
cants., The Radio Commission took the ap-
plications under advisement, pending a con-
ference on short-wave allotments to be held
at Ottawa by the official regulatory bodies
of the North American countries—the
United States, Canada, Mexico and Cuba—
to determine on the policy which will be
followed.

The situation which has been described
above does not seem to hold out much cheer
for the free-lance prospector who has been
a traditional figure of the West. His oppor-
tunity of obtaining a wavelength seems
small; and for him to operate an amateur
transmitter in the amateur waveband for
the purpose—if he had the geological as
well as the radio education needed—would
be a transgression of the rules, causing in-
terference which would probably be soon
detected. Of course, if he were ingenious
enough to invent apparatus which he could
use in the unallotted, ultra-high-frequency
zone below five meters, he would probably
get away with it.

_Fm-E

This reproduction of a bhotograph of a piece of
ore shows the little streaks of metallic compounds
~which sei up a counter-action to a radio wave.

What Is Happening in the Television Field?

HERFE were practically no new devel-

opments in the television field between
the time when the January issue of Rapro
Nrews was being prepared and the date on
which this issue was closed. At this writ-
ing, the order of the Federal Radio Com-
yiission calling for restricted television
broadcasting is still in effect, and no new
plans are to be announced until the first of
the vear. In our March number we expect
to be able to report further progress; that
is, providing the Federal Radio Commission
recognizes the value of experimental tele-
vision broadcasting and allows it to con-
tinue on the broadcast band, as well as on
the short-wave bands.

Television Fans!

ADIO NEWS is anxious to obtain

from you descriptions of your tele-
vision apparatus and of the results you
are obtaining from stations WRNY,
W2XAL, WGY, W2XAF, W2XAD, W1XAY,
WIBO, WMAQ, W3XK or any others that
have gone on the air recently with tele-
vision. Drop us a line and let us know
what you are doing.—EDITOR.

No new television transmitters have been
made public since last month’s number; al-
though some of the stations that had an-
nounced tentative plans for television serv-

ices are now actually on the air. Of these
stations, the most prominent are stations
WI1XAY, at Lexington, Mass., operating on
62.5 meters, and WMAQ in Chicago, IlL, op-
erating on 447 meters. The Rapto NEws
stations in New York, WRNY on 296.9 me-
ters and W2XAL on 30.91 meters, have been
continuing their pioneer television broad-
casting without interruption, although the
time available for these broadcasts has been
reduced.

There has been little activity in the com-
mercial field of television, for the reasons
outlined in our last month’s number. The

outstanding developrment of the month of
(Continued on page T762)
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A Six-Purpose Light-Socket
Fixture New Arrival

N all-purpose light-socket appiiance;

which seems to have a knack of “doing
things” in liberal quantities and with some
gusto, has just been developed by a Mid-
Western  manufacturer.  This  versatile
accessory is obtainable in the form of a
compact aluminum case, measuring 434 x
8, x 2 inches, which has mounted upon its
top two spring-clip binding posts, two
receptacle outlets, and a knob which con-
trols a rheostat within the case. A six-
foot silk cord, provided with a hand switch,
furnishes the means of connecting this unit
to the light socket. (Fig. A.)

The duties of the various components
which are part of this unit as outlined above,
are as follows: the two spring-clip binding
posts are connected to the two sides of
the house-lighting mains through small fixed
condensers, thus furnishing both “aerial”
and “ground” connections for the receiver.
The two outlets are provided for “A” and
“B” power units, if used; only one need be
used for this purpose with an A.C. electric
receiver, leaving the other available for any
appliance for which a receptacle is desired.
A power rheostat, placed in series with the
input line, serves as a voltage regulator and
protects the power apparatus and tubes of
the set from overload caused by variations
in line-voltage. The unit is equipped with a
fuse, as specified by the fire underwriters,
which automatically opens the 110-volt line,
should any part in the receiver or unit
break down,

Manufacturer: X-L Radio Laboratories.
Chicago, Il

Photoelectric Cell Employs
Unique Principle

LIGHT-SENSITIVE cell, of a type
heretofore tnfamiliar to the average
radio experimenter, is being marketed by a
New York corporation in two forms, as
shown in the photograph reproduced here-
with (Fig. B). The cylindrical component

ats New in

All apparatus described in this departn
Laboratories and found of high

at the left of the aluminum-encased unit is
the “photo-voltaic” cell in a glass tube
measuring 4 x 13; inches; it consists essen-
tially of a copper-alloy electrode with a
colloidal film thereon, and a leaden-alloy
electrode, which are separately immersed in
an alkaline solution and brought out to two
binding posts. This construction gives the
cell the appearance of a small storage bat-
tery cell.

The assembled unit shown at the right
contains, as the “heart” of its assembly, a

cell similar to that described above, and

includes also a sensitive galvanometer-relay,
a biasing resistor to control the sensitivity
of the relay, and a small “C’-type battery.
The trap-door in the top of the case serves
as a shutter when it is desired to expose
the cell to light, or to prevent the
relay from funct.ioning, as the cuse
may be. The outside meazire-
ments of this unit are 514 x
534 x 4 inches.

Aside from the field of
to the experimenter for a
good deal of interesting
research work, the cell
in its assembled form

The unit at the right is
an_assembly comprising o
cell like that at the left
with a relay (ewhich makes
contact on the meter dial)
and controls. The door
in the top admits light
to the cell, when open.

has innumerable practical uses; such as
ringing a burglar-alarm or a fire-alarm,
shutting a window, starting a furnace or
an electric heater, lighting a fire, or any of
the numerous functions which are usually
brought about manually with the coming of
daylight or of darkness. The commercial
value of light-sensitive cells has long been
known and, in fact, is being utilized at
present by many industries.
Photoelectricity has, in the last ten years,
become a specialized study in itself, as with
the operation of the three-element vacuum
tube. During this period there
have been catalogued three dis-
tinct forms -of light-sensitive
cells, in each of which
the phenomena are
different. The first is
classified as the ac-
tino-electric or photo-
resistive - type; this
cell consists of a metal
or compound to which
there is connected a

Fig. A

The all-purpose lighting
receptacle, power supply
and  antenna  described
above. Every external con-
nection of a receiver is
here provided for,
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source of potential. On the exposure of the
cell to a source of light it will exhibit a .
change of resistance, thus affecting the flow
of current across its terminals. Cells of this
type, most commonly using selenium as a
light-sensitive resistor, have been in use for
many years.

The second type, which is perhaps most
familiar to the experimenter because of its
use in television and the consequent pub-
licity it has received, malkes.use of the
photoelectric cffect; in this a film of an
alkaline metal is deposited on the inner
surface of the glass of a vacuum tube, and

Fig. B

a centrally-fixed “collector” is placed in the
center of the bulb so that it faces the “coat-
ing.”” When the cell is exposed to a source
of light the alkaline metal emits electrons
in much the same way as the heated filament
in a vacuum tube; only, in this case, the
emission of electrons is caused by light in-
stead of lLeat. Thus, it can be seen, in this
cell the circuit is closed through the elec-
trical path provided by the flow of electrons
from the alkaline coating to the central
“collector.”

The third classification is that of the cell
described in this article, which exhibits the
photo-voltaic effect. In this case a source
of potential is obtained as the result of
exposing to light one of two plates im-
mersed in an electrolyte. The voltage
created across its terminals is the result
of chemical action on the plates, which
varies with their exposure to light.  This
voltage is then employed to actuate a sen-
sitive relay, which in turn actuates another
relay; the terminals of the latter are
brought out to the two binding-posts on the
front of the case, and whatever apparatus
is to be operated is connected to. these
binding-posts. ) .

An item of interest in connection with
this cell is a statement of the manufacturer
to the effect that the exact nature of its
functioning is yet open for discussion.

‘Many proniinent electro-chemists and phy-
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Fig. 1
This is the circuit of the six-tube veceiver shown beilow, with its incovporated power unit, The

two screen-grid R.F.

sicists have been consulted, but no agree-
ment has been obtained on the theory of
the effect of light in the chemical and con-
sequent physical phenomena. The exact
nature of the alloys and of the electrolyte
is still withheld by the manufacturer, pend-
ing patent action; it is stated, however, that
alloys are used to prevent deposition of one
metal on another, and precipitation.

Manufacturer: Radiovision Corporation,

New York Cily.

A Screen-Grid R.F. Kit for
the Custom Trade

PPEARANCE, though unessential to

the successful operation of a radio re-
ceiver, is a valuable asset in its sale, as the
commercial development of the industry has
abundantly proved in the last few years.
To the custom radio builder, therefore, it is
a vital matter; and this fact is fully realized
by today’s parts manufacturers. KXit de-
sign has kept fully apace with that of fac-
torv-assembled sets—-as in circuit refine-
ments it has been always slightly ahead.
The accompanying photographic illustration
(Fig. C) of a new arrival in the radio mar-
ket exemplifies this trend to elegance as
well as cfficiency in apparatus for home
congtruction; the co-operative effort of a
group of manufacturers has made the set
of components available in complete form.
Several allied modecls have been produced,
¢lassified as “master” and “junior”; the lat-
ter, a very compact receiver, elegantly
housed, is pictured here. It is supplied
with a “foundation unit” or chassis of heavy
aluminum, and a front panel of bakelite,
both already drilled to rcceive all parts
which make up the receiver; the assembly
of this apparatus is therefore a matter
merely of securing the parts to the chassis
and the front panel, and wiring.

The model described herewith is obtain-
able in two circnit designs—one employing
A.C. tubes and the other battery-operated.
The latter (which is illustrated here) should
rightfully be termed “semi-battery-oper-
ated” because of the inclusion in the assem-
bly of the “B” and “C” power unit, thus
necessitating only the addition of a storage
hattery for filament lighting. The front

stages and first hi-mu audio give enormous sensitivity.

panel, which measures 7 x 21 inches, mounts
the volume-control knob, the escutcheon
plate for the drum dial, the knob operating
the two tuning condensers, and the filament
switch.  Upon the aluminum foundation
unit, which measures 20 x 12 inches, are
mounted the components of the receiver, as
well as those which make up the “B” and
“C” power unit. The receiver (whose
schematic circuit diagram is Fig. 1) utilizes
six tubes of “storage-battery” types (in
addition to the gascous-rectifier tube used in
the power unit) which function as follows:
one screen-grid (222 type) tube as an aper-
iodic antenna coupling stage, V1; another
screen-grid tube for the following stage of
tuned-radio-frequency amplification, V2; a
201A type for the detector socket, V3; and
three stages of resistance-coupled amplifica-
tion, of which tlie first tube, V4, is a 240
type, the second, V5 a 201A type and the
third, V6, a 171A type.

The first screen-grid tube is used to iso-
late the antenna from the first tuned circuit
and thus make possible simultaneous effi-
cient control of both the detector and tuned-
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Fig.

This receiver when assembled on its ready-made foundation and panel is very compact;
with single scale is symmetrical and attractive.
|
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radio-frequency stages, without the need of
a manual control to compensate the varying
characteristics of different antennas.” The
coils used in the radio-frequency amplifiers,
L1-L2, incorporate primaries specially de-
signed for screen-grid circuits. These are
only 11 inches in diameter and have a great
number of turns of very fine wire; they are
tapped, thus making it possible to vary the
operating characteristics of the receiver to
suit most effectively local conditions.

It will be noticed that a grid leak and con-
denser are not employed with the detector
tube, but this circuit is arranged for “plate
rectification.” The audio-frequency ampli-
fier incorporates three resistance-coupling
units RC; each of them comprising a grid
and a plate resistor and a .005-mf. fixed
condenser. A high-mu tube is used in the
first stage of the amplifier, and in the third
and last, a power tube which receives its
filament supply from a 5-volt step-down
secondary of the power transformer. A
combination of a choke coil L3 and a by-
pass condenser C3 prevents the high cur-
rent of the power tube from passing through
the windings of the loud speaker.

The tuning circuits are completely
shielded by aluminum cans (indicated by
dotted lines) of special design, to prevent
coupling between them. This precaution is
a nccessity where screen-grid tubes are to
be used at maximum efficiency and all
causes of feed-back must be eliminated. The
separate-stage shielding accomplishes the
major part of this necessary isolation and
in addition, the screen-grid terminals of the
tubes are by-passed to the filaments to
minimize coupling. Also, separate filters
are used in the plate circuits of both screen-
grid tubes; these filters consist of the 5000-
ohm resistors R3, and the 0.5-mf. by-pass
condensers C3.

The shielding of the screen-grid tubes
has been handled in a simple manner. Plac-
ing them in the shield cans would necessitate
individual tube shields to isolate their ele--
ments from the other apparatus. To ob-
viate the use of these additional shields the
tubes are placed outside the stage-shields, in
such positions that their control-grid and

its panel
The tuned circuits are completely shielded.
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plate leads are very short; and coupling
between the tube elements and other parts
of the civcuit is practically negligible.

Control of volume is accomplished by the
insertion of the 3000-ohm potentiometer R1
between the aerial and the ground. The
slider-arm of this component is connected
to the grid of the antenna coupling tube
V1; thus allowing any desired proportion
of the signal voltage across the resistance
strip to be impressed on the grid-of the first
tube. The special tapering of this strip
gives a rate of variation which is under
better control at the lower volume settings
and makes operation less critical.

The lower section of the schematic dia-
gram (Fig. 1) shows the “B” and “C”
power unit; while in the illustration (Fig.
C) the components which make up this as-
sembly can be seen mounted behind the
shield cans. This unit comprises a power
compact, in the housing of which are wired
the power. transformer and the necessary
choke coils and buffer condensers; together
with a bank of filter condensers and a series
of resistors which reduce the output of the
unit successively to the various potentials
necessary for the successful operation of the
receiver. The gaseous-rectifier tube (fila-
mentless type) V7 is employed in the recti-
fier circuit of the unit.

The loud-speaker terminals are inserted
into two phone-tip jacks which are mounted
at the rear of the chassis; these are colored
distinctively red and black, so that the
proper polarity may be applied to the
speaker’s winding.

The A.C. model of this receiver differs
from that described and illustrated here
only in that a step-down transformer is
added, to allow the use of 15-volt heater-
type A.C. tubes.

Manufacturer: Hammarlund-Roberts, Inc.,
New York City.

New Short-Wave Adapter Unit
Easily Attached to Set

HE short-wave adapter unit illustrated
herewith is marketed by its designer, a
New York City manufacturer, who is well
known as a producer of inductance coils for

[Aerial ] ¥,
[Ground]

5

the radio industry, as well as for contractors’
use. The converter measures 8% x 6 x 51
inches, its components being housed in an
all-metal cabinet which is finished in a wal-
nut-grain effect.

Five coils of the plug-in type provide a
wavelength range of from 15 to 550 meters,
divided as follows: 16 to 32 meters; 29 to
58 meters; 54 to 110 meters; 103 to. 210
meters; and 200 to 550 meters. It will be
noticed that the coil ranges indicated over-
lap, thus eliminating the possibility of gaps
in the tuning range.
on molded bakelite forms, and use for a
mounting base a standard UX socket. This
is set into the top of the cabinet, directly
behind the other UX socket, into which the
tube is inserted.

The circuit employed is a straight regen-
erative one; there is fixed coupling between
the grid coil and the tickler winding, and the
regeneration is controlled by a .00015-mf.
variable condenser (C3) which is connected
between the “P” terminal of the coil socket
(which connects to the tickler winding) and
the filament return circuit.

The operation of this converter unit is
very simple; the .00015-mf. variable conden-
ser Cl, which is connected across the grid
coil, is the only wavelength control. The
.00002-mf. midget variable condenser C4,
which is used to couple the grid to the
aerial, has its knob on the top of the cabi-
net and, once adjusted to the characteristics
of the antenna used with this unit, remains
fixed.

In order to adapt this unit to any broad-
cast receiver, the owner must disconnect the
aerial and ground from their binding posts
on the latter and connect them to the

Fig. E

Right, the converter unit,

as the inside appears from

below. Al parts  are

mounted on panel and
top.

Fig. D

The attractive case of the

unit. The coil L1 may

be weplaced by others,

shown at one side, very

conveniently. They are

substantially  constructed
to stand handling.

i
far
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“Aerial” and “Ground” posts of the con-
verter unit. Next, the detector tube of the
broadcast receiver is removed from it
socket and replaced by the adapter-plug of
the converter unit. The tube which was re-
moved from the larger set is then inserted
into the front tube socket on the cabmet of
the unit. The set is then ready to operate.
It should be remembered that phones should
be substituted for the loud speaker; because,
while tuning, signals received on the short
waves rarely possess anything near the vol-
ume of those on the broadcast bands.

An A.C. model produced by the same
manufacturer is exactly the same in circuit
and design as the D.C.-tube model described
above except, of course, that its filament
circuit is designed for the 227-type five-
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Fig. 2

Circuit of the short-wave adapter unit.

prong, A.C. detector tube. The method of

adaptation and operation with an A.C. set is
the same as that followed when using the
D.C.-tube model.

Manufacturer: Dresner Radio Mfg. Co.,
New York City.

Substantial Condenser Gangs
for Set Builders

NUSUAL strength of construction is

the characteristic feature of the multi-
ple tuning condenser’ illustrated in Fig. F,
which is now being marketed by a New
York manufacturer, and which is the latest
response to the demand for adequate single-
control of the tuned radio-frequency stages
of a receiver. For this purpose it has been
designed in six models—double, triple and
quadruple combinations in the two standard
sizes—offering the choice of .0005-mf. and
.00035-mf. pairs. The rotor plates are eut

(Continued on pagé 760)
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The subjecct of tuning and resonance in
alternating-current circuits has been covered
in many articles in Rapjo News; that by
Clyde A. Randon in the January, 1928, num-
ber describes the phenomena obtained in
popular language. This is not a suitable
plice to consider the problem mathemati-
cally; but it may be explained that, while
both inductance and capacity offer opposi-
tion to the flow of alternating current, these
effects cancel each other; and, where they
exactly balance, resonance is obtained.

For instance, at an alternating-current
frequency of 600 kilocycles, corresponding to
the carrier-wave of a 500-meter broadcast
station, a condenser of .0005-mf. capacity
has a reactance to the current of about 530
ohms. At this samc frequency a coil of 141
microhenries effective inductance has the
same reactance; and, if the coil and the con-
denser are connected across each other, the
circuit which they form will have almost zero
resistance to a 500-meter alternation. At
any other frequency, however, the reactance
of this tuned circuit will be considerable;
and it therefore is sensitive only to signals
of the desired wavelength, and those im-
pulses not further from it than the broad-
cast “sideband” requires. It is to be noted
that this energy in a resonant circuit goes
round and round in it—it does not pass
through.

THE MICROFARAD

At this point the reader may ask (as -

many do), “What is a microfarad? What
do mf. and mfd. mean? Are they the same
as mmf.?”

The explanation may as well be given
here. The unit by which electrical capacity
is measured is the farad, named in honor
of Michael Faraday, a great scientist. It
is the capacity which under one volt pres-
sure will take up enough electricity to main-
tain a flow of one ampere of current for one
second. That sounds like a very small
capacity; but the fact is, it is most enor-
mous. A condenser with one one-millionth of
that capacity is a good-sized one. We call
one one-millionth of a farad a microfarad;
the word is abbreviated mf. or, sometimes,
mfd. Scientists prefer to use the Greek
letter “mu” for “micro”—a Greek prefix
meaning very little—but it is unsuitable for
general use.

A microfarad is a suitable unit for rating
radio apparatus used in low-frequency cir-
cuits, such as those which rectity 60-cycle
house-lighting current, and even those carry-
ing musical and speech frequencies up to
5,000 cycles; but it is rather large for a
circuit which is tuned to radio frequencies.
The most used sizes of tuning condensers are
.0005-mf. or one two-thousandth of a micro-
farad, and .00035-mf., or scven twenty-thou-
sandths of a microfarad.

Another unit is therefore in use for meas-
uring more conveniently the very small ca-
pacities. A micromicrofarad is one one-mil-
lionth of a microfarad, or one one-trillionth
of a farad. It is abbreviated mmf. or some-
times mmfd.

One microfarad is 1,000,000 mmf.; as .001-
mf. is 1,000 mmf.,, so .0005-mf. is 500 mmf.
and .00035-mf. is 350 mm{f. Below .0001-mf.,
it is customary to speak of the very small
capacities in micromicrofarads; for instance,
the capacity between the elements of an
‘ordinary vacuum tube is about 9 mmf.
(Radio amateurs sometimes call the “mi-
cromike” a picofarad, for brevity’s sake.)

At six volts, we can charge about 100

ampere hours into a good big storage bat-
tery; if we had a sufficiently large condenser,
we could do the same. But we would re-
quire 60,000 farads capacity, or sixty billion
one-microfarad condensers hooked together
in parallel; and the voltage would fall rap-
idly as it discharged. So it is not probable
that the use of condensers will supersede
that of storage batteries for some time to
come. (It may be explained that the energy
stored up in a condenser is proportional, not
directly to the voltage applied, but to the
square of the voltage. That is, at 100 volts
a condenser holds 10,000 times the power
that it will at one volt.)

CAPACITIES OF CONDEXNSERS

The amount of capacity between two

" metal plates separated by air may be judged

from this example: two shcets, each 10
inches square, and uniformly one-tenth of an
inch apart, give almost exactly 225 micro-
microfarads (.000225-mf.). The capacity in-
creases or decreases in proportion to the
area; it decreases proportionately as the dis-
tance between the plates increases, and wvice
versa. It varics with the nature of the in-
sulator or dielectric between the plates; oil,
for instance, gives a very high capacity. In
the ‘“‘electrolytic” condensers, where the
metal plates form one conductor of the con-
denser and the liquid or electrolyte the other
conductor, the dielectric is a film of gas less
than a thousandth of an inch thick; and an
cnormously high capacity is obtained.

The article, “What is The Life of a Fixed
Condenser?” in Rapio News for July, 1928,
discusses the actions which take place in a
condenser, and the function of its dielectric,
at more length. Another article of interest
will be found by the reader in the June,
1928, issue—“The How and Why of Radio
Filters”—and, if he has preserved a {ile, it
will be of interest to turn to page 804 of
Rapro News for January, 1927, and read
“Some Facts About Condensers.” That
article is illustrated profusely with illustra-
tions of both fixed and variable condensers.
Since that time little progress has been made
in the design of the variables; but the
tendency has been toward the more general
use of the smaller tuning condensers with
specially-shaped plates distributing stations
more evenly on the dial, in the case of
broadecast receivers. The tendency toward

4 MFD.

Rated for continuous duty
at

10(_)0 volts D. C.

These condensers are for use in connection with power equipment.
The 4-mf. by-pass condensers at right and left differ in the thick-

electrolytic 30-mf. condenser.

727

operation of several condensers by one knob,
instead of having a separate control for
cach, has governcd commecrcial design for
the past three years. It adds greatly to the
convenience of the user; though it reduces
the efliciency of the receiver on distant sig-
nals, unless convenient methods. are provided
for operating small “compensating” or
“trimming” condensers.

VOLTAGE RATINGS

In the field of fixed condensers, the intro-
duction of power units operated from the
lighting eircuit, and the popularity of power
tubes requiring from 180 to 500 volts of
“B” potential on their plates, have made
necessary the use of “by-pass” condensers
designed for high voltages. These were
previously used by designers of transmitters
and other high-voltage apparatus; but came
as a new thing to receiving-set builders. It
is to be remembered that, while a direct-
current voltage represents a constant, steady
pressure, the figure which we use for an
alternating-current voltage is an average
which is greatly exceeded twice in each cycle.
That is to say, a 110-volt A.C. line carries
155 volls at regular intervals which occur
7,200 times a minute. When the alcernating
current is stepped up by the transformer of
a power unit to a nominal 750 volts, it
actually rises to 1060; and even higher, when
what are called “surges” ave created in the
line. It is necessary, thercfore, to have in
such condensers a dielectric which can not
be punctured by very high voltages; for, if
a spark once leaped through, the condenser
would be short-circuited and instantly
burned out.

The electrolytic condenser also, from a
mere laboratory device, has become a com-
mercial product of great importance. As
explained above, it is capable of containing
a very great capacity in a very small space,
and because of this characteristic is very
popular among manufacturers and experi-
menters. We have now not only wet electro-
Iytic condensers, which resemble somewhat a
storage battery, but even “dry” condensers,
which are similar to the dry “rectifiers,” and
have also high capacity.

REACTANCE OF CONDENSERS

Because an alternating current is not a
continuous, one-way flow, such as we obtain

The jar in the center is an

ness of dielectric used to separate their plates, and consequently in bulk.
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from a battery, it is possible to connect a
condenser in such a way that alternating
current will flow alternately into one set of
plates and into the other; and, if the capac-
ity of the condenser is proportioned cor-
rectly to the frequency of the current, the
effect is just as if the current were flowing
through the condenser. This is not fully true
if the condenser is too small, or fills with
electricity too fast. In other words, the
longer the period of an alternation, the
larger a condenser must be to hold the
electricity poured into it during that instant
by the pressure of a given voltage. So we
say that, the smaller the capacity of a con-
denser, the greater its reactance to an alter-
nating current; and, the longer the period
of alternation (the fewer the cycles) the
greater the reactance of a condenser. These
are two ways of stating the same fact.

So, if a condenser is across a steady, di-
rect current, it neither receives nor dis-
charges electricity; it remains stored to its
capacity at the impressed voltage, but in-
active. The current does not pass through
it, but is “blocked.” If, however, there is
a pulsation in that current, it is felt through
the condenser, and there is a flow of cur-
rent in and out of both sides of the con-
denser; which is commonly described by say-
ing that the A.C. flows “through the con-
denser.”

For that reason, condensers are used in
radio receivers, which contain many complex

circuits with both alternating and direct-.

current components, to separate the latter;
as well as to tune other circuits to certain
frequencies.

APPLICATIONS OF CONDENSERS

For instance, let us consider Fig. 1. In
the aerial circuit we have the condenser C.
It “shortens” the aerial; that is to say, it
tunes the primary coil to a shorter wave-
length by cutting down the effective capacity
of the aerial itself, though the impulses im-
pressed on the aerial are transmitted to the
coupling coil.

The condenser C1 is a large one, however;
too large to affect the tuning of the circuit
noticeably, for reasons which will be ex-
plained later under the subject of capacities
in series. It cuts off the possibility of a
short-circuit through the metallic ground
system to the light lines, perhaps.

The variable condenser CV tunes the sec-
ondary of the aerial coil. If it is connected
by a mechanical coupling device to CVZ,
which tunes the next stage, the addition of
the “compensating condenser” CV1 may be
necessary to make both tuning condensers
read alike at all points on the dial.

The neutralizing condenser C2 is of very
small capacity. It overcomes the tendency
of the first R.F. tube to oscillate through its
internal tube capacity (between filament and
grid), by feeding back impulses which ex-
actly oppose the tube feed-back.

The grid condenser C3 charges with the
negative electricity thrown off from the fila~
ment of the detector tube to its grid, and
discharges through the grid leak connected
across it; thus automatically regulating the
“bias” of the grid. It affords also a low-
resistance path for the signal impulses from
the preceding tube. It is usually of .00025-
mf. capacity.

The purpose of C4 is to allow the radio-
frequency impulses in the tickler (plate)
circuit of the detector to find their way back
to the filament and to ground without pass-
ing through the high plate resistor. In
some regenerative receivers, a variable con-
denser is used in this position to govern the
amount of feed-back.

11 3y
BY-PASSING

C5 is a simple “by-pass” condenser; it
“smoothes out” the radio-frequency impulses
in the “B” amplifier circuit and keeps them
out of the battery. C6, C7, and C8 may be
called either “blocking” or “coupling” con-
densers; depending upon whether we con-
sider them with relation to the “B” battery
current, or to the A.F. signal impulses which
they allow to go from the plate of one tube
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to the grid of the next. They may be from
.006-mf. up. C9 by-passes the “C” battery
of the last stage, and C10 the loud speaker
across which it is put, thereby keeping high
frequencies out of the speaker windings.

In the “B” power unit shown in Fig. 2,
the condensers Cl and C2 are “buffer” con-
densers, usually 0.1-mf., but of high-voltage
rating, to take up sudden impulses in the.
circuit of the rectifier tube. 'The others are
by-pass condensers of 1-mf. or more capa-
city, but progressively lower voltage re-
quirements, successively “smoothing out” the
current delivered to the various stages of
the receiver.

By-pass condensers, if over .006-mf. in
capacity, usually employ a dielectric of oiled,
waxed, or otherwise treated paper in several
layers, separating two long strips of tinfoil,
each of which forms one “plate” Below
.0l-mf., the fixed condensers are commonly
molded for better protection into a strip of
bakelite which is equipped with terminals
for connections.

The increasing use of condensers in radio
receivers has remedied a great many of the
troubles which were experienced in the old
days from capacities which were not in-
cluded in the design—those formed, quite
unintentionally, by the charged wires and
other insulated-metal parts of the set. In
addition, the “low-loss” coils which use air
as much as possible for insulation have a
lower self-capacity, and consequently tune
over a wider range at very low wavelengths
than those which are wound on a material
whose dielectric constant is high. However,
the importance of this may be exaggerated.

COMBINATIONS OF CONDENSERS

Looking at Figs. 3 and 4, we see that
when two condensers are connected in paral-
lel, they form, practically, one condenser.
Each of the two sets of plates is separated
by dielectric under the same voltage and,
if the connection is direct between them,”
and not of high resistance or inductance,

(Continued on page 766)
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pulses; C3, C6, C7, C8 are coupling condensers,
“grid” condenser.
voltage condensers, and C3 to C8 inclusive are by-pass condensers of warious
ratings, depending on the voltages to. which they are exposed.

and C3, in particular, is
In Fig. 2, below, Cl1 and C2 are “buffer’” high-
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No subject arouses more intevest than the discussion of the vespective merits of antenna systems;

and on no subject in radio is less veliable, definite information obtainable.

This distinguished

German experimenter has been making some ineasuwrements to detcrmine just how smuch ampli-
fication must be added to compensate for the lessened woltage pick-up of indoor aerials and loops.

N modern broadcast reception, indoor
aerials are being used more and more,
particularly in large cities; and, when
speaking of indoor acrials, we must dis-

tinguish between open acrials and “loops.”
The open (indoor) aerial is generally a
length of insulated wire strung about the
room; one end is connected to the “Aerial”
post on the radio receiver, while the other
is taped and left unconnccted. The “loop
aerial” consists of a number of turns of in-
sulated wire on a square, diamond-shaped,
or round frame. The efficiency of either
type depends to a certain extent on its
length; the radio-frequency signal voltage
available at the ends of a loop varies with
both the dimensions of the loop and the
number of turns of wire on it.

It is generally known that indoor aerials
are much less efficient than those erected
outdoors; but it is not always understood
how the average R.F. potentials, obtained
from aerials of different kinds, compare.
These figures arve cspecially interesting, be-
cause they show how much more amplifica-
tion must be used with an indoor aerial of
one or the other type, in order to get the
same strength of signal as with a good out-
door aerial. By mcasurements, which were
carried out with the help of a special aperi-
odic amplifier in the laboratory of the au-
thov in Berlin, the following potential values
were obtained at a distance of about five
miles from a nine-kilowatt broadecast sta-
tion.

OUTSIDE AERIAL STANDARD

A large outdoor aerial of the inverted
“L” type, with a length of about 75 feet,
and erected on the roof of a three-story
house, was used as the basis for the meas-
urements; this represents the average aerial
for receiving broadcast programs. With
another aerial, which consisted of a wire
about 33 feet long stretched at the height
of the sccond story, there was obtained a
radio-frequency potential only about 1/6 of
that available from the first aerial

Meagurements with “loop aerials” of va-

rious sizes were carried out, with the loops
directed towards the broadcast station for
maximum response and tuned with a vari-
able condenser. The figures obtained show
that a loop about three feet on a side gives
about one-twelfth as much potential as a
good outside aerial; this large loop is
marked C in Fig. A. A loop of one-half
the width and height (shown at A, Fig. A)
of the same inductance value, gives only
about one twenty-cighth of the response of
the cutside aerial; while a 50-turn basket-
weave coil (B, Fig. A) gives only one six-
hundred-and-sixtieth as much signal voltage
as a good outside acrial.
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WHAT THE FIGURES MEAN

These figures indicate that with the small
coil, B, we must use six hundred and sixty
times more radio-frequency amplification
than with an outside aerial, in order to get
the same signal intensity from a station at
a given distance. The factor of radio-
frequency amplification which can be ob-
tained with a single vacuum tube lies be-
tween eight and twelve, on the average.
When a scrcen-grid tube is used, the prac-
ticable degree of amplification per step runs
to twenty, or as high as thirty. Adopting
these values, it will be easy to calculate how
many more stages must be employved in the
radio amplifier with an indoor aerial. With
but a small loop, according to the data
given, one or two well-designed stages of
R.F. amplification will suffice to give the
same sensitivity of reception as with an out-
side aerial with which no R.F. amplification
is used.

The measuring set with which these com-
parisons were carried out is shown in
the heading illustration; the voltmeter is
placed under the loop. Although this ap-
paratus is very sensitive, it is not sufficiently
so to allow measurements of the potentials
induced in the circuit of the loop by distant
transmitting stations. In order to measure
these potentials, we placed before the vac-
uum-tube voltmeter the aperiodic (resis-
tance-coupled) amplifier, which was pre-
ceded in turn by a radio-frequency ampli-
fier. With this measuring set we were able
to measure input radio-frequency potentials
of 1/10,000 of a volt, which gives us the
actual potential induced in the aerial by
distant stations. The loop used with this
apparatus is the same one shown as A in
Fig. A.

With this apparatus there was measured
late in the evening in the laboratory of the
author in Berlin, the aerial voltage caused
by reception from the one-kilowatt broad-
cast station in Madrid, Spain, at a distance
of 1,175 miles; the potential which the 19-
inch loop gave was in the order of one one-

(Continued on page T72)

Fig. A

Of the loops of equal inductance, and tuned by condensers of the same size, the larger one

gives by far the strongest signal.

But, while a one-turn loop might be efficient, it is 10t

a parlor ornament; at least in these days of small apaxtments.
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ACK in the forgotten vears that we

date B.B. (Before Broadcasting)

when a radio tube was merely that

and nothing more, the purchase of
this important device comprised numerous
steps, or stages, which eventually led up to
the actual transaction. Mnr. Experimenter,
after many months of more or less satis-
factory crystal receptior, decided to ob-
tain a vacuum-tube detector; the very
thought of possessing this awesome instru-
ment so thrilled him that he started saving
for it at once. (Incidentally, radio appa-
ratus, in those days, was not merely pur-
chased; it was “saved for.”) Through
weeks of absence from the movies, and by
the simple expedient of staying home on
Wednesday nights, the ransom necessary
to extricate the treasure from the clutches
of the radio dealer was finally amassed.
Then, on the long-awaited day, the pros-
pective tube owner entrained for the city
with imaginary bands seeing him off and
spring very much in the air. His feelings
as he got off the train and entered the store
may readily be imagined; but the conversa-
tion which took place between himn and the
dealer is worthy of note. This conversation,
it might be added, invariably followed fixed
lines.

“Give me a tube,” said the buyver, after
he had been asked his wants. Doubtless,
he was nervous and there was a touch of
excitement in his voice.

“Right,” was the terse reply of the dealer,
‘as he reached back for the mysterious box,
tested the contents, then wrapped it up and
handed the precious burden to the thrilled
radio fan.

And that was that!

tubes—have changed!
* * * * * *

How times—and

Older members of the radio vacuum-tube family and their big
younger brothers: the types are, from left to right, UV-199, UX-

NEW TUBES GALORE

At the present time the customer may
make his selection from nearly forty types,
the most commonly-used of which are pro-
duced in similar design under more than
one trademark and type-number. The “gen-
eral-purpose” tubes—that is to sav, those
which may be used both to amplify either
R.F. or AF. frequencies and as detectors—
were until recently the only ones with which
the set builder was familiar; even today
tubes designed solely for the purpose of de-
tection are comparatively little used. The
increasing demand for volume and quality
of amplification, however, compels the use
of “power tubes”; which are adapted for
use solely in the final stages of an audio
amplifier where very high voltages and cur-
rents must be handled.

The introduction, however, of circnits in
which “raw” or unrectified altcrnating cur-
rent is used, to heat the filaments of tubes,
has doubled the number of tube types on
the market. There werc about a dozen
“storage-battery” types with filaments de-
signed to be operated from direct current
only, in addition to the power tubes; which,
by reason of their final-stage position, may
be lighted by alternating current, when de-
sired, without introducing undue hum. There
are now over a dozen different types of
A C. tubes, which will be found listed in
this article, with descriptions of their char-
acteristics. The rectifier tubes swell the
list with seven more types; and three tubes
devoted to automatic regulation purposes
have been produced to meet the condition
of fluctuating line-voltage which made elec-
tric-set operation inconvenient in some
localities.

Television has introduced two new fam-
ilies to the radio public; the television lamps
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199, UX-2014, UX-222
last, but surely not least, UX-250, the giant of receiving tubes.

Radio Tubes and Their Characteristics

By H. M. Bayer

Radio News for February, 1929

(with control-grid cap), UX-210 and,

(neon-gas grow-tamps) and the photoelectric
cells. The latter, however, had been known
for some time to scientists and engineers,
though television interest has stimulated the
demand for them and is working toward
the improvement and mass production of
these, as well as the television lamps. The
latter, particularly, will be in great demand
as television broadcasts are more generally
undertaken. There are other tubes, such.
as the “grid-glow-relay” type and the os-
cillograph, which are of scientific and in-
dustrial use; but, as they are not suited to
the requirements of the radio builder, they
will not be described here.

In the description below of the “vacuum”
tubes (including a few of the “gas-filled”
tvpes) which are adapted to use in a radio
receiving set or its power unit, the attempt
has been made to present them in logical
order, with a concise statement of the most
important characteristics of each, its func-
tions, its socket connections, its voltage and
current requirements, its plate resistance
(impedance), amplification factor, and (in
the case of the power tubes) its maximum
undistorted output. The reader will find
it to his advantage to keep this article at
hand for reference when undertaking ex-
perimental or new constructional work.

GENERAL-PURPOSE TUBES

Under this head, as stated above, may be
included most of the tubes of older design
and those used in receiving sets of earlier
models.  With the specified voltages ap-
plied to their elements, tubes of any of these
types might be used in all stages of a
receiver.

Among the earliest tubes to find favor
are four types generally known as “dry-
cell” tubes, because of the low voltage and
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small current consumption of their filaments.
The first two of these, the WD-11 and WX-
12, arve still in usc,’ though seldom if cver
specified in new construction. The table
of their characteristics should be sufficient
comment.
WD-11-and WX-12-Types
Use, deiector-amplifier (not power amplifier);
Socket, WD-11, special; WX-12, UX-type;
Tilament voltage 1.1; curreut 0.25 ampere;
Plate voltage 22Y to 45 as detector, .90 to 135 as
amplifier; current 1.5 mla. at 45 volts, 2.5 mlia.
at 90, 3.5 mla. at 135;
Grid bias 4% volts at 90 plate, 10%% at 135 plate;
A.C. plate resistance 15,500 ohms at 90 volts, 15,000
at 135,
Amplification factor 6.6.

The sccond pair of dry-ccll tubes, the
UV-199 and UX-199 types, have found more
favor and arc niore widely used, especially
to obtain compact light construction. The
two differ only in their bases; the first
being designed to fit a special miniature
socket, and the second adapted to the UX
socket which is now standard. Both tubes
ave electrically alike; they function equally
well in all recciver sockets, up. to the limit
‘of their current-carryving capacity; they
have a companion, the UX-120-type, which
is a trne power tube, suited for the opera-
tion of a loud speaker. These tubes vequire
three dry cells or a 4-volt storage battery
tor lighting their filaments (a 6-volt battery
may be used with a suituble resistor) and
draw but little current: as their filaments
need be heated but moderately to give a
heavy electromic emission and maintain a
suitable path for the plate current.

X-199- and V-99-Types

Use, detector-amplifier (not power amplifier) ;
Socket, V-199, miniature; N-199, UX-type;
Filament voltage 3.3; current .063-ampere;
Plate voltage 45 as detector, 90 as amplifier; cur-

rent 1.5 mla. as detector, 2.5 mla. as amplifier;
Grid bias, 4% volts as amplifier;
A.C. plate resistor 15,500 ohms;
Amplification factor 6.6.

The 120-tvpe, the earliest power tube, is
a companion of the 199-type but is de-
signed only for the last stage of audio am-
plification in a battevy-operated veceiver.
It may be operated from either three dry
cells wired in series or (provided a suitable
resistor is in the filament circuit) a storage
battery. A large grid-biasing voltage is
absolutely necessary with this tube—221/,
with 135 volts plate.

120-Type
Use, power amplifier (last A.F. stage);
Socket, UX-type;
Tilament volts 3.3; current 0.132-ampere;
Plate volts 135; current 6.5 mla.;
Grid bias, 2214 volts;
A.C. plate resistance 6,600 ohms;
Amplification factor 3; undistorted output 110 milli-
watts.

“STORAGE-BATTERY  TUBES

The 201A-type tube has been the favorite
for all purposes for some ycars; it is the
standard, all-around, flexible “storage-bat-
tery” tube of radio, functioning with high
efficiency in vadio-frequency, detector and
audio-frequency circuits. More tubes of
this design, undoubtedly, have been made
than all others combined. Though it can
be used as a last-stage audio amplifier, with
1385 volts on the plate and the proper grid
bias, the 201A is not a power tube; its
maximun undistorted output is but 55 mil-
liwatts. It is listed, also, under manufac-
turers’ type numbers, as “301A” and “AX.”
{(Tvpe numbers of other manufacturers
were not obtainable at time of writing.)

201A and 201B-Types :

Use, detector-amplifier (not power amplifier);

Socket, UXN-type;

Filament voltage 5; current 0.25-ampere for 2014,
0.123-ampere for 201B;

Plate voltage 45 as detector, 90 to 135 as ampli-
fier; current 1.5 mla, as detector, 2.5 mla. at 90
volts, 3.0 mla. at 135 volts, as amplifier;

Grid bias 4% volts at 90 plate, 9 at 135;

A.C. plate resistance 11,000 ohms at 90 volts, 10,-
000 at 135;

Amplification factor 8; undistorted output 15 milli-
watts at 90 wvolts, 55 at 135,

The 01B-type tube is identical with the
201A-tvpe; except that its filament at 3
volts draws 125 milliamperes (one-eighth
ampere) instead of the customary quarter-
ampere of the 201A-type. It was designed
to answer the demand for a tube which may
be used in series operation with rectified
A.C. on the filaments. Because of the slight
current drain of the 01B-type filament, it
is possible to obtain from a rectifier of the
280 or 281 type sufficient current for a re-
ceiver using these tubes, provided they are
wired in series. It is very essential that
the proper grid bias be used with this tube
whenever the plate voltage exceeds 40.

The charactervistics of the K-type tube
show it to be well adapted for radio-fre-
quency amplification with the usual R.F.
transformers employed today in T.R.F. sets.
The use of this tube is recommended only
in sets having adequate provision for re-
adjustment of neutralization. Its plute re-
sistance is almost twice that of the 201A
type; its clectrical characteristics differ
from the latter principally in this matter.

POWER TUBES

The 112-tvpe tube, though engineered be-
fore the developnient of the A.C. receiver
for storage-battery operation, may also be
used with alternating current; though, as
with all other tubes of D.C.-filament design,
only when used as a power amplifier. This
tube, liowever, though not classified by man-
ufacturers as a general-purpose tube, func-
tions with remarkable efficiency in any
socket of the receiver. The present type,
112A, has a filament consumption reduced
to a quarter-ampere at 5 volts; this type
is manufactured, also, as F-12-A.

The 171A tube, perhaps, is the most
popular power amplifier at the present tire.
It has an extremely low output impedance
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and is suitable for use in the last stage

only. Since the plate current of this tube

is exceptionally high at maximum voltage,
some form of loud-speaker coupling, such
as an output transformer or a choke coil
and a by-pass condenser, should be used
to prevent the heavy direct-current com-
ponent from passing through the windings
of the loud speaker. Alternating current
may be applied directly to the filament of
the 171A, only when it is used in the last
audio stage. It replaces the old 171-type,
which drew half an ampere of filament
current.

112A-Type

Use, amplifier, power amplifier or detector;

Socket, UXN-type;

Tilament voltage 5; current 0.25-ampere;

Plate voltage 90 as amplifier, 135 to 180 as power
amplifier, 45 as detector; current 5.5 mla. at 90
volts. as amplifier, 7 mla, at 135 volts, 10 mla,
at 180 volts as power amplifier, 1.5 mla. as de-
tector;

Grid bias 4% volts at 90 plate, 9 at 135; 13% at
180;

A.C. plate resistance 5.300 ohms at 90 volts, 5,000
at 135, 4.700 at 189;

Amplification factor 8; undistorted output 120 milli-
watts at 135 volts, 200 milliwatts at 180.

171A-Type

Use, power amplifier {last stage only);

Sccket, UX-type;

Tilament voltage 5; current 0.25-ampere (may be
A.C)H;

Plate voltage 135 to 180; current 16 mla. at 135
volts, 20 mla. at 18D;

Grid bias 27 volts at 135 plate, 40% at 180 (Note:
When a power tube has A.C. filament supply, it
is necessary to increase the grid bias by one-half
the filament voltage. or 214 volts, here);

A.C. plate resistance 2,200 ohms at 133 volts, 2,000
ohms at 180:

Amplification factor 3; undistorted output 330 milli-
watts at 135 volts, 700 milliwatts at 180.

LARGER POWER TUBES

The 210-tvpe especially, because of its
heavy filament-current requivement, is usu-
ally operated with alternating current from
a special transformer secondary, direct to
its filament, and is used in the last audio
stage only. It is capable of handling far
greater volume without distortion than any
other recciving tube except the recently
introduced 250-type. The high plate cur-

rent of this tube makes o loud-speaker
coupling device, such as those recommended
for use with the 171A-type, a necessity.
The filament of this tube is normally oper-
ated from the 7.5-volt winding of a step-
down transformer, and draws 11/ amperes.

Well-known rectifying tubes; left to right, gas-filled filamentless, gas-filled filament,
half-wave (one-plate), and full-wave (two-plate) filament types.
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The 250-type is the largest and most pow-
cerful power amplifier manufactured for
radio reception, and capable of handling
more than three times as much undistorted
energy as the 210-tvpe. Obviously, while
the new tube is capable of enormous output,
it should be employed at but a fraction of
its full capacity, thus securing undistorted
output at all times with ample reserve
power. The output of this tube must lead
.into a protective coupling device.

210-Type

‘Use, power amplifier only;

Socket, UX-type;

Filament voltage 7.5; current 1.25 amperes (usually

I A.C. from special winding);

Plate voltage 250 to 425; current 12 mla. at 250
volts, 16 mla. at 350; 20 mla. at 425;

Grid bias 18 wvolts at 250 plate, 27 at 350, 35 at

| 4253 .

A.C. plate resistance 5,600 ohms at 250 volts, 5,000

| at 425;

Amplification factor 8; undistorted output 340 milli-
watts at 250 volts, 925 at 350 volts, 1,540 at 425
volts.

250-Type
Use, power amplifier only;
Socket, UX-type;
Filament voltage 7.5; current 1.25 amperes (usu-
i ally A.C. from special winding);
Plate voltage 250 to 450; current 28 mla. at 250
volts, 35 at 300, 45 at 350, 55 at 400, or 450;
Grid bias 45 volts at 250 plate, 54 at 300, 63 at
. 350, 70 at 400, 84 at 450;
A.C. plate resistance 2,100 ohms at 250 volts, 2,000
at 300; 1,900 at 350; 1,800 at 500 and 450;
Amplification factor 3.8; undistorted output 900 mil-
liwatts at 250 volts; 1,500 at 300; 2,350 at 350;
3,250 at 400; 4,650 at 430.

“HIGH-MU~’ AND SPECIAL-DETECTOR
TUBES

The “high-mu” 240-type tubes (classified,
also; as types “340,” and “G”) were de-
signed especially for use with resistance-
or impedance-coupled audio amplifiers. It
is important that the plate voltages, on the
240-340-types, be applied through a plate-
coupling resistor of 250,000 ohms; and
coupling resistors of 50,000 to 75,000 ohms
and a plate voltage of 135 should be used

240-Type (“High-Mu’)

Use, resistance- or impedance-coupled amplifier or
detector;

Socket, UX-type;

Filament voltage 5; current 0.25-ampere;

Plate voltage 135 to 180, as amplifier or detector;
current 0.2-mla. as amplifier, 0.3- to 0.4-mla .as
detector;

Grid bias 3 volts at 135 plate, 474 at 180. With
250,000-0hm plate resistor, bias 1.5 volts at 135
plate, 3 at 180.

A.C. plate resistance 150,000 ohms;

Anmplification factor, 30.

The “special-detector” 200A-type tube is
designed for this purpose only and is avail-
able, also, under the designations of type
300A, and type H. It is not at all critical
to voltage adjustments, and may be sub-
stituted for a 201A-type in the detector
socket without circuit or woltage changes.
(Except that type H requires a minimum
plate voltage of 67.) The use in this stage
of a specially-designed tube of this type,
it is claimed, produces additional sensitivity
and volume nearly equal to that which would
be obtained by the addition of one stage
of radio-frequency amplification; it is par-
ticularly helpful when receiving distant sta-
tions. The tube’s mechanical and electrical
characteristics are identical with those of
the 201A-type, except that its A.C. plate
resistance is 30,000 ohms, and its amplifi-
cation factor 20.

200A-Type
Use, special detector;
Socket, UX-type;
Filament voltage 5; current 0.25-ampere;
Plate voltage 45; current 1.5 mla.

A.C. plate resistance, 30,000 ohms;
Amplification factor, 20.

SCREEN-GRID TUBES

The 222-type is a four-electrode screen-
grid tube, designed particularly for radio-
frequency amplification, but adaptable as a

“space-charge” tube to A.F. amplification. -

With proper shielding of the radio-frequency
circuit, neutralizing and stabilizing devices
are unnecessary because of the extremely
small capacity between control-grid and

with the “G” type. plate. The shielding “screen-grid” between
STANDARD' FIVE PRONG
uv-199 =
MINIATURE 7

£

The UV base and socket (left) are now little used; the UX (center) is practically
universal but for certain 4.C. tubes which requiré the UY (right).
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the usual third-element (or ‘“control-grid?)
and the plate thus eliminates the effect of
plate-to-grid feed-back capacity; and it also
increases the “mutual conductance”; that
is, the current output-signal input ratio
of the tube. Special coupling circuits are
therefore required. The filament of this
tube operates at 8.3 volts and draws 0.132
amperes; but, with a series resistor of 15
ohnis, it may be connected in parallel with
the 5-volt filaments of other tubes.

222-Type (Screen-Grid)

Use, amplifier (not power amplifier);

Socket, UX-type (control-grid terminal at top of
tube);

Filament voltage 3.3; current 0.132-ampere;

Plate voltage 135 as R.F. amplifier; current 1.5
mla. with 134 volts on control-grid, 1 mla. with
3 wvolts, (See below.)

Plate voltage 180 as A.F. amplifier, ““space-charge”
connection; current 0.3-mla. with 114 wvolts on
screen-grid. .

Special voltage 45 on screen-grid as R.F. amplifier;
22% on inner (“control”-) grid with ‘‘space-
charge” connection as A.F. amplifier.

A.C. plate resistance with 135 wvolts, 850,000 to
1,100,000 ohms, depending on grid voltage; with
180 volts, “‘space-charge” hook-up, 150,000 ohms;

Amplification factor as R.F. amplifier 300 (theo-
retical; reduced by circuit limitations); as space-
charge A.F. amplifier 60. 4

ALTERNATING-CURRENT TUBES

The filament of the 226-type tube is op-
erated on raw alternating current; so that
it cannot be used in place of the 201A-type
unless suitable circuit changes are made.
Though this tube is fitted for use as an
R.F. or AF. amplifier, with an amplifi-
cation factor equal to the 201A-type, it
cannot be wused as a detector because of
the hum which it would introduce; and, as
an amplifier, it must be used with a grid
bias. Though its filament is rated at 1.5
volts, the recommended voltage is 1.35; to
avert the rapid deterioration of the oxide
coating of the filament, which sets in when
excessive voltage is applied. As an audio
amplifier the 226-type is capable of an un-
distorted output of 160 milliwatts at 180
volts, and of 70 at 135 volts, compared with
55 for the 201A. Other type numbers are
326 and M-26.

226-Type (A.C. Direct-to-Filament)

Use, R.F. or A.F. amplifier (not detector);

Socket, UX-type;

Filament voltage 1.5 “raw’ (unrectified) A.C.; cur
rent 1.05 amperes;

Plate voltage 90 to 180; current 3.5 mla. at 90
volts, 6 at 135," 7.5 at 1353,

Grid bias 6 volts at 90 plate, 9 at 135, 13%4 at 180;
A.C. plate resistance 9,400 ohms at 90 volts, 7,400
at 135, 7,000 at 180;
Amplification factor 8.2;
milliwatts at 180 volts.

undistorted output 160

The 227-type is of the “indirectly-heated-
cathode™ type. That is to say, although
raw alternating current is applied to the
“heater” (a tungsten filament which passes
through the center of the “cathode,” from
which it is insulated), the function ef this
current is merely to heat the cathode. The
latter element takes upon it the duty of
the filament in a D.C. tube as the actual
clectron-emitter and furnishes the neutral
point on which both plate voltage and grid
bias are based. The 227 was designed for
use as a detector employing a grid leak
and condenser, and requires no bias when
so used; but it may also be used as either
a radio- or an audio-frequency amplifier
with considerable similarity, in character-
istics, to the 201A-tyvpe. It has been found
that the use of 227-type tubes in a set
throughout, except in the last audio stage,

(Continued on page T77)
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No. 73

A sct of blueprints, show-
ing the details of dall the
shields and including a Uist
of the parts wsed in the
original construction of the
“Copperclad  Special,”  will
free of chavge to any reader who
construct this receiver. Use

be sent
intends to
the couwpon on page 770 of this number;
no blueprints will be sent free without this
coupoii, which s provided for our mutual
CUH’Z/C)HL‘HCE

LARGE number of radio experi-

menters who have made the famous

“Junk-Box” set and other simple

short-wave receivers of the straight
regenerative type have written for direc-
tions on adding a stage of tuned radio-
frequency ampllﬁcatlon Many of these
people have had experience with R.F. sets
designed for the regular broadcast band
and appreciate the manifold advantages of
R.F. amplification. ~ Comparatively few,
however, realize that R.F. amplification on
the short waves (that is, below 100 meters)
is very much more diflicult to handle than
it is on the broadcast wavelengths between
200 and 550 weters. An unshiclded R.TF.
“pooster unit” can be thrown ahead of a
regencrative Dbroadeast receiver and  will
work smoothly the instant it is turned on;
but a similar R.F. unit placed before a
short-wave tuner is likely to ruin the
“works.”

For those constructors and short-wave
enthusiasts who want to enjoy the benefits
of R.F. amplification when they arc fishing
for England, Russia, the distant island of
Java or continent of Australia, the writer
has designed a complete reeeiver w ith the
radio-frequeney amplifier built in, as an in-
tegral part of the assembly. A permanent
arrangement of this kind is far more satis-
factory than a makeshift one, in which the
R.F. unit has been
afterthought; while it is no more expensive

* Rapio NEws Free Blueprint Article No. 73.
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‘or difficult to construct. Because of the
distinctive appearance given the instrument
by its complete shiclding of copper, it has
been appropriately named the “Copperclad
Special”

As far as the amateur experimenter is
concerned, the Copperclad Special might
easily be described as the last word in short-
wave receivers. It uses one stage of tuned
R.F. amplification, with a screen-grid (222-
type) tube as the R.F. amplmel, followed
by a regenerative detcctor; the antenna
couplel and its associated tuning condenser
are completely enclosed in one copper
shielding can, the screen-grid tube, in an-
other and smaller compartment; and the
components of the detector circuit are cased
in still a third shield.

NO HAND CAPACITY

There are three controls, all variable con-
densers, but they do not requirc three hands.
The regeneration condenser (the center one)
may be left in one position while the tun-
ing condensers are turned through a move-
ment of about 20 degrees on the dlal before
a readjustment on it is necessary. The re-
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SHORT-WAVE FANS!

HE “Copperciad Special” is the

best short-wave receiver Rapio
News has yet described; it uses a
“tuned” stage of screen-grid radio-
frequency amplification, and is com-
pletely shielded by copper cans, that
you yourself can make without great
trouble. There are no “dead spots”
in its tuning range, and neither are
there hand-capacity effects of any kind.
The detector slides in and out of oscil-
lation with beautijul smoothness, and
allows you to fish out those weak sta-
tions that you know are somewhere
in Europe or in the Antipodes. Build
this set if you want to experience a
real “kick.”

generative action is smooth and clean over
the entire tuning range of each set of plug-
in coils; there are none of the “dead spots”
that are so annoying in straight regenerat-
ive outfits. TFurthermore, there are abso-

Fig. A
The “Copperclad Special” without its top and back; it is half completed, and not yet
ready for wiring. The back flange must be drilled to pass “B” leads.

(See page 770.)
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lutely no hand-capacity effects of any kind.
The operator can tune in a station, remove
his hands from the dials, and the signals
will remain absolutely unchanged. He can
put his hands anywhere on the outfit, with-
out affecting the tuning in the slightest de-
gree. Only those listeners who have de-
veloped “wooden” arms and stiff necks,
while trying to hold on to a weak short-
wave station with an unshielded set, can
appreciate this gratifving feature,

In sensitivity the Copperclad Special is
superior to any short-wave receiver the
writer has ever played with. e has no
way of measuring the actual amplification
afforded by the tuned screen-grid stage;
but, as might be expected, it is decidedly
greater than that given by the untuned
screen-grid hook-ups now used in many
popular sets. Of course the price of .this
increased sensitivity is a third control on
the panel, besides the initial labor of cut-
ting up a couple of square yards of sheet
copper, but the extra dial really produces
no tuning complications, and the tinsmith-
ing on the shields takes only an evening.

As the receiver now stands, it does not
include an audio amplifier; but most ex-
perimenters have an old transformer-coupled
amplifier lying around or, at least, they can
assemble a single stage in about five min-
utes. The two tubes give about as much
“kick” as a good straight-regenerative short-
wave with one stage of audio; so the con-
structor may connect his phones directly
to the output posts and enjoy excellent re-
sults without any additional A.F. ampli-
fication. If he wants to become the hero
of the neighborhood by putting 58W (Eng-
land) or PCJJ (Holland) on the loud
speaker, he can hook in to the regular am-
plifier he uses with his broadcast receiver.

PARTS REQUIRED

The tuning range of the Copperclad Spe-
cial is 16 to 90 meters with three pairs of
factory-made plug-in coils; this can be
raised to 200 meters by the use of addi-
tional coils made by the same manufacturer.
The complete dimensions of the coils used
in the original model are shown in an ac-
companying drawing (Fig. 3) for the bene-
fit of those experimenters who like to make
their own coils; but the writer recommends
that the inductors be purchased, complete
with their convenient mounting-receptacles.
They are very cheap, they save a great
deal of trouble, and they assure satisfactory
results.

A complete list of the parts necessary for
the Copperclad Special follows. The ex-
perienced constructor may safely use his
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Nothing unusual in the circuit; but to make @ tuned R.F. stage work on short waves

requires careful construction.

own discretion in choosing suitable makes;

but readers who wish to duplicate the orig-

inal model will find a list, with the manu-
facturers’ names, included with the free
blueprints. )

Two variable condensers, .00014-mf. (.00015-
mf., or .00016-mf.) capacity, C1, C3;

One variable condenser, .00035-mf., C2;

Five fixed condensers; two .006-mf. or any-
thing larger, C4 and C8; one .0001-mf.
grid condenser, C5; two 1j-mf. by-pass
condensers, C6, C7;

Three sets of plug-in coils, to cover wave-
bands 16-90 meters, with mounting re-
ceptacles, L1, L.2;

Two amperites, one 222-type, R1; one 201A
type, R2;

One grid leak, five megohms, R3;

Two R.F. choke coils, 85- or 90-millihenry,
RF1, RF2 (a third, RF3, is optional) ;

Two UX-type tube sockets.

Two vacuuni tubes: one 222-type, V1; one
200A-type, V2;

One filament switch, SW;

Three vernier dials, to fit the selected con-
densers C1, C2, C3;

One 1v,-volt “C” battery, consisting of a
single flashlight cell;

One front panel, 7 x 21 x 3/16 inches;

One wooden baseboard 9%, x 20 x 3, inches;

Nine binding posts: one binding-post strip,
1 x 7 x 3/16 inches, to accommodate 7
posts;

Four small brass hinges, 1 inch wide;

Fig. B
“The Copperclad Special” with top removed; only two dials are used at once.
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The complete shielding saves wiring.

Six pieces of soft sheet copper, five of them
about 1/82-inch thick: piece A (panel
cover), 21 by 71 inches; piece B (base-
board cover) 21 by 914 inches; piece C
stage partition) 10 by 7 inches; piece D
(tube shield), 8 by 61 inches; and piece
E (back and sides) 88 x 614 inches.

One piece T (top of can) 201, by 834
inches, should be cut from heavier metal,

“about 1/16-inch thick.

SHIELDING CONSTRUCTION

The first thing to do is to drill the front
panel for the three condensers Cl, C2, C3,
and for the filamnent switch SW; a full-size
template which will be very useful for this
purpose is supplied with the free blue-
prints. Test the fit of the condensers anc
vernier dials and of the switch, and remove
them from the panel. Now drill five holes
along the bottom of the panel and fasten
it against the edge of the wooden base-
board. The latter is 20 inches long, and
the panel is 21; center it so that the panel
hangs over a half inch on each side. Use
flat- or oval-head wood-screws about one
inch long.

The main work of the set, that of cutting
and bending the copper sheets, now begins.
When buying the copper, have the various
pieces cut exactly to the dimensions shown
in the blueprints, with the edges nice and
square. All metal supply houses have large
shears which the salesman will use for the
purpose. With the edges square, you will
be able to mark out the guide lines easily.

Start with piece A, the panel cover.
Mark off a half-inch border along the top
and two sides, and a one-inch border along
the bottom, as in Fig. 6. With a pair of-
tinner’s snips (you can buy a good pair for
less than a dollar) cut out the shaded sec-
tions, and bend in the edges toward you.
The best way to do the bending is with a
piece of lumber and a hammer. Your local
carpenter or builders’ supply dealer will
give you a six- or ten-inch length of “2-by-4”
for the asking. Lay the copper sheet flat
on a strong table, and place the edge of
the 2-by-4 along the marked line on the
sheet. Lean heavily on the wood, and with
a screwdriver, pick up the edge of the cop-
per; when it is about a quarter of an inch
up, push it against the wood with the ham-
mer. Push the wood slightly toward the
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hammer, to compensate for the pushing
effcet of the latter. You will find that the
soft copper bends with surprising ease, and
can be worked without trouble.

With its four edges turned in nicely, at
right angles, place piece A flat against the
back of the panel, and push its Dbottom
corner snugly against the junction of the
panel and the wooden baseboard. If it does
not lie smoothly against the panel, straighten
out the little bumps by pressing: gently
against them with your fingers.

Now cut and bend piece B, which is the
baseboard cover; note carefully that the
back flap on this piece is one inch high,
while the two sides are only half an inch
high, and also that the front edge is left
flat (See Fig. 7). This flat edge is pushed
heneath the protruding one-inch edge of
the panel cover to form an overlap.

the baseboard (looking at the set from the
rear). Where it butts against piece A
near the top of the panel, fasten it down
with ‘2 machine-screw passing through the
panel. Drill four holes through the bottom
lip of C, and four corresponding holes
through the baseboard cover B, and fasten
the lip down with round-head wood-screws;
do not tighten these screws at first, as you
will want to remove the partition for the
drilling of other holes.

The tube shield, piece D, is an L-shaped
corner, which forms two sides of what
finally will be a square box for the screen-
grid tube (Fig. 9; see also Fig. 4). The
stage partition C is the third side and the
back of the shielding can will be the fourth;
this back is the middle of one long strip
of copper E, which forms also the two
sides of the cabinet. After cutting this
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TUBE SHIELD IN PLACE.
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REAR VIEW WITH PANEL AND BASEBOARD

The method of assembling the earlier shielding; after the wiring has been completed, the
back E (which is also the sides) and top F are easily added.

MATCHING THE PIECES

Place the panel cover A back in position
and hold it in place temporarily with two
small clamps, such as the “5 & 10” stores
sell, With a thin nail, trace the outlines
of the condenser and switch holes from the
front side, and then drill out holes of the
same size in the copper. Mount the con-
densers and switch against the copper and
tighten down the fastening nuts. Maualke cer-
tain that the frames of the condensers
make good contact with the copper, as they
are grounded automatically through the
latter,

To hold the top of piece A flush against
the panel, drill holes through the copper
and the panel in the uppermost corners,
and tighten down the shields with a couple
of machine-screws and nuts. A third screw
above the center condenser will also help.

Slide the baseboard cover, piece B, against
the one-inch cdge of picce A, so that the
front edge of B fits under the latter, as
mentioned above; the baseboard will now
be covered by a shallow pan 20 inches long
and 9 inches wide. Drvive half a dozen
small nails through the overlap joint right
into the wood, and similarly nail down the
corners ‘and edges. To give the assembly
additional strength, the writer mounted two
L-shaped brass brackets to the panel and
baseboard, just beneath one condenser Cl
and at the side of the other, C3.

The stage partition, piece C, is a simple
shallow pan 6 inches high, 9 long, and -
inch deep as shown in Fig. 8. Place this
partition 8 inches from the right edge of

piece E according to the layout (given with
the free blueprints, but not published with
this article) vou will notice that the bot-
tom edge of the back is half an inch above
the baseboard, but still makes an overlap
with the upright one-inch edge of piece
B; the purposc of this arrangement is to
allow vou to drill four holes through the
latter, just to the left of the tube shield.
Thus you can bring the battery wires
through these holes to the binding posts,
and wire the set completely before assembl-
ing the back and top of the copper cabinet.

735

In order to hold the piece E in place, drill
correspouding holes through it and through
the bent-up flanges or lips of pieces A and
B, and also through the back flanges of the
stage partition C and the tube shield D.
When vou fasten the “whole works” to-
gether with short 6-32 machine-screws, you
will find it to be very strong and rigid.
If the constructor prefers, of course, alumi-
num or brass may be used for shielding
material, with equal advantage electrically.

The last thing, of course, is the top of
the cabinet. This is the plain flat sheet
F, 20y, inches long and 8%, inches wide.
After it is hinged to the top edge of piece
¥, it will overhang a quarter of an inch
on each side, and will fall short of reach-
ing the panel by another quarter of an inch.
It will form a complete cover, however,
because there is a half-inch lip of A on
which it rests.

WIRING IS SIMPLE

The rest of the assembly is very simple.
Take one of the receptacle bases for the
plug-in coils and mount it diagonally at
the right of the stage partition, as shown
at L1, Fig. 2. This base is fitted with a
hinged primary eoil; place it so that the
primary folds back into the extreme lower-
right corner of the compartment. Drill
two holes through the baseboard and the
copper, and use two long machine-screws
for the actual mounting. Raise the recep-
tacle about an inch above the surface of
the baseboard cover B by means of a stack
of washers, or any available metal collars.

The “C” batterv and its by-pass con-
denser C4 need not be fastened in any
particular manner. Simply solder wires to
them and let them lie in the corner, against
the stage partition.

The locations of the various components
of the detector circuit are made clear in
the wvarious accompanying illustrations
(Figs. A and C and the layout wiring dia-
gram, Fig. 2). Before mounting the other
receptacle for the plug-in coils, remove the
primary coil altogether, as it is not used.
The procedure in mounting a part is this:
first determine the proper position for it,
and spot the screw holes on the copper with
a thin nail or a pencil. Drill through the
copper, but do not let the drill go deeply
into the wood beneath. Then you can turn
in the wood-screws. -

The grid condenser C5 is supported above

Fig. C
The placement of parts in the “Copperclad Special” and all the wiring is visible from
above. The coils have plenty of room and the set i¢ well by-passed.
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the baseboard by a short brass bracket
which is screwed directly under the grid
binding post of the socket V2. The block-
ing condenser C8, however, is mounted to
the baseboard, as one side of it must be
grounded, anyway.

Before screwing the tube shield D in
place, drill three holes along its bottom for
the filament, plate and grid wires; and also
mount one of the by-pass condensers, CG,
to the inside of the shield. Solder a wire
from one lug of the condenser directly to
the copper, and leave a four-inch length
soldered to the other lug for connection to
the “G” post of the socket V1 of the screen-
grid tube. Solder ten-inch pieces of wire
to the “F plus,” “G” and “P” posts, pull
them through the holes, and then screw
down the shield.

The wiring is very simple, as half the
connections are made to the copper shields,
which form the negative side of the filament
circuit as well as the ground. Note care-
fully that a flexible wire runs from the “G”
post of the coil L1 through the stage par-
tition C to a clip which goes over the cap
of the screen-grid tube in V1. Make this
wire as short as possible. i

The aerial binding post is mounted on a
little strip of bakelite, screwed to the wood
of the baseboard directly behind the mount-
ing for L1. The battery binding posts are
on a 7-inch strip fastened also to the edge
of the baseboard, by a pair of L-shaped
brackets. The “A—B—" post is connected
by a short length of wire to the copper
shielding; the other four wires run through
holes which were, as previously mentioned,
drilled low in the upright flange of the
baseboard cover B. Make certain that the
insulation of the wires is not worn; as
otherwise the connections will be a dead
short circuit against the grounded copper.

After soldering in all the wires, test them
for short circuits against the copper by con-
necting a pair of phones in series with a
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The panel cover, after being cut and shaped, should be fitted to the drilled panel to spot the necessary

holes, for greater eractness.

“B” battery; one tip of the phones is held
against the copper and the free end of the
battery touched against the successive bind-
ing posts. The phones should remain silent
when the free wire is touched to any of
the posts except, of course, the “A—”" and
“A4". The R.F. chokes used in this set
fit into grid-leak clips, and these should be
tested particularly. The writer burned out
one pair of chokes before he discovered that

L1-RIFCOIL

—

COILS ARE 2"iN DIAMETER AND USE

N0.16 ENAMELLED WIRE ; TURNS SPACED;T.:.

TICKLER

CEMENTED
INSIDE GRID
COIL AT

ENDS O
TICKLER COIL

L2-DETECTOR COIL

F —

ANTENNA  COILS

CORRESPONDING DETECTOR COILS

{COIL A® 16-32 METERS-4TURNS

COIL A: GRID, 3% TURNS;TICKLER,3 TURNS

COlL B: 26-48 METER S- 8 TURNS

COIL B: GRID, 7% TURNS; TICKLER,3TURNS

COIL C:46-90METERS-19 TURNS

COIL C: GRID, 182 TURNS; TICKLER, 4 TURNS

NOTE:MOUNTING STRIPS FOR COILS 'AAND'B,2/2 LONG;COILS 'C' 3"LONG.

Fig. 3

The physical dimensions of the coils used are given above, but slight variations from the

bands given are unavoidable with home-made coils.

of L1 is the same for all bands

The hinged-base, separate Prmary

5 turns of No. 16 wire, 2 inches in diameter.
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The rear flange of the baseboard cover, also, must be drilled for leads.

the overhanging edges of the clip springs
were touching the copper lightly.

After completing and testing the wiring,
mount the back and top of the copper
shielding cabinet permanently in place. You
can then get to the tube sockets and coil
mountings by merely raising the hinged top.

OPERATING CONDITIONS

The electrical action of the Copperclad
Special is the same as that of any R.F.-
regenerative dctector arrangement. Sig-
nals picked up by the aerial are tuned in
by the condenser C1 in conjunction with
the plug-in secondary of L1, and are am-
plified by the screen-grid tube, V1. The
amplified signal is transferred from the
plate of the screen-grid tube to the grid
circuit of the detector, V2; the detector
circuit being tuned to the wavelength of
the signal by the circuit consisting of con-
denser C3 and the grid coil of the plug-in
unit L2. The regenerative action of the
detector tube, caused by the presence of
the tickler coil of L2 and controlled by the
condenser C2, increases the sensitivity of
the detector beyond what it is normally;
or the tickler can throw the tuned circuit
L2-C3 into oscillation, so that incoming
signals are “heterodyned.” This principle
of short-wave operation has been fully ex-
plained in recent issues of Rapio News.

- ‘With 135 volts on the plate of the screen-
grid tube, V1, a grid bias of 114 volts is
specified by the manufacturers; this is fur-
nished by the “C” battery in the first-stage
compartment. The condenser C4 acts sim-
ply as a low-resistance path around the
battery for the weak radio-frequency cur-
rent induced in the secondary by the pri-
mary coil. The condenser C6 serves to keep
transient R.F. currents out of the battery
circuit, by shunting them directly hack to
the filament. An additional choke coil, in-
dicated in the schematic diagram as RF3,
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Dvrilling details for the front panel

and connected in series with the wire run-
ning to the screen-grid of tube VI, is also
lilely to be helpful, and should be tried.

The R.F. choke RI1 allows the direct
current of the “B” Dbattery to reach the
plate of the screen-grid tube, while it pre-
vents the R.FF. output of the tube from
losing itsclf in the battery circuit. The
R.I. signal is forced by this choke to flow
to the grid of V2, where it belongs. The
erid condenser C5 lets the R.F. current
through, but blocks the 135 volts of “B”
battery. Condenser C8 performs a similar
function, keeping the “I3” battery out of
the grid circnit but allowing the R.I%. cur-
rent to pass through.

Faclt of the plug-in coils used in this
receiver consists of a grid or secondary
coil of heavy wire, and a tickler of fine wire.
Remove the ticklers entirely from one set
of coils and also tale out the plugs to which
they were connected; these are unneccessary
because the coils ave used across the screen-
grid tube, in a non-regenerative hook-up.
From each of the secondaries of the other
coils remove half a turn of wire; this is

of the “Copperclad Special.”
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necessary to make the dials of C1 and C3
read alike.

The R.F. amplifier tube, V1, is a screen-
grid tube of the 222 type, and requires 135
volts on the plate and 45 volts on the
screen-grid; the detector tube, V2, is a
special detector ef the 200A type, and works
on 45 volts. A six-volt storage “A” bat-
tery and three 45-volt “B” battery blocks
are therefore neecessary for the proper op-
eration of the set. To the posts marked
“Output” may he connected either a pair
of telephonc receivers or the primary of
the first audio transformer, if audio am-
plification is used.

TRICKS OF TUNING

The operation of the “Copperclad Spe-
cial” is like that of any short-wave set.
The past three issues, in particular, of
Rapro Ngxws, contained a great deal of
matter dealing with the tricks of ‘“zero
beating” and the handling of the regenera-
tion control—in this case the center con-
denser, C2. To start with, plug in the
largest coils, set C. Station W8XK, the 62.5-
meter short-wave transmitter of KDKA,
lies in the band covered by these coils, and
can be spotted on the dials very quickly.
This station, whose transmitter is illustrated
on pages 750-1, is onc of the most reliable

(Continued on page 7T64)

In addition to the partition and shield shown at the

left, two other pieces are needed, E and F, the

former 6% x 38 inches, cut owt at the back wwhere

the leads pass through the flange of B. F is of

heavier metal, and forms a hinged top. Patterns
are itncluded in the blueprints,
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Complete picture wiring diagram of the “Copperclad Special”
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The lead from the “G” post of Ll is a flexible wire passing

through the stage partilion end lerminating at a cap, which in turn is pushed over the cap electrode of the screen-grid tube, V1.
The “Ground” and “A— B—" connections are made to the copper shielding. The aerial post is mounted on a small upright piece

of bakelite screwed to the back edge of the baseboard.
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Care must be taken to check all conneclions for “shorts.”
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A 250-Type Amplifier and Power Pack

HE custom radio builder who can sell
more or less expensive apparatus to
well-to-do clients desiring the best
there is in radio will find the com-
bination audio amplifier and power pack de-
scribed in this article a very useful and sal-
able device. It is comparatively compact, as
large aniplifiers go; and it is extremely flex-
ible in that it may be adapted to either a
210- or, preferably, a 250-tvpe power tube,
and that it can also supply “B” and “C®
voltages to even the largest receivers. It
is so constructed that it may be slipped into
the record compartment of a phonograph of
the old-style upright tvpe, of which there
are literally millions in existence. If the
phonograph itself is equipped with an elec-
tric pick-up, and a high-quality loud speaker
used, phonograph reproduction equal to that
furnished by the most expensive modern
talking machines may be obtained. The am-
plifier is thrown over either to radio or
phonograph by a simple two-position switch,
this arrangement in no way disturbing the
norinal operation of either instrument.

In addition to its possibilities for profit,
this amplifier is an ideal laboratory unit for
the amateur experimenter. TIts power-sup-
ply section is entirely isolated, mechani-
cally, from the audio-amplifier section; thus
allowing the owner to experiment freely
with the latter without disturbing the
power-supply end at all. All the output
voltages are readily controllable, and can
be changed merely by the turning of a few
knobs. The power pack itself is of sufficient

Double-Deck Unit Is Unusually Compact, Convenient
to Handle and Adaptable to Practically Any Receiver

By Joseph Riley

capacity for the largest power-amplifier
tube now available to the set builder;
namely, the 250-type. In addition, it will
supply all the incidental “B” current neces-
sary for the operation of the tubes in any
radio-frequency amplifier.

ADVANTAGES OF THE POWER TUBE

If the 250-type tube is used, the amplifier
will be of the most advanced design, and
capable of high-quality reproduction of
radio and phonograph music at exception-
ally high volmme levels. Of course, the fact
that a great deal of power is available does
not necessarily mean that the owner of the
instrument must annoy the neighbors a block
away with unwanted broadcasting. The
real advantage of the power tube is its abil-
ity to handle the low notes, which require
more energy than do the high notes. As the
low notes give that pleasant “roundness” to
reproduced music, the amplifier, incorporat-
ing the most powerful tube, will prove to be

a generally desirable and satisfactory in--

strument.

In the original model constructed in the
Rapro News laboratories, the amplifier con-
sisted of two stages using the new Clough-
type audio-coupling units (described on
page 811 of Rapio News for October, 1928)
with a 227-type tube in the first stage and
2 250 in the second and output stage. The
reproduction afforded by this combination
is probably as good as can be obtained with
any radio apparatus now on the market. All
the prrple who listened to the amplifier per-
form, both in the lab-
oratory and in the
home of one of the
editors, remarked on
its naturalness and
clarity, even when it
was tuned up so loud
as to make the win-
dows rattle. The tests
were conducted with
three loud speakers;
an 18-inch magnetic
cone, a 3-foot square
double-surface linen-
diaphragm speaker
(described on page
1013 of Raivio News
for March, 1928) and
a dynamic of the lat-
est design.

Fig. A

Front view of the com-
teted unit, showing the
amplifier (top) the con-
densers C1-C7, the con-
trol panel and the wvoli-
age divider R4.

* Rapro News Free Blueprint Article No, 74 (See page 770)
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No. 74

A set of large Ulue-
prints showing all the
constructional details of
this amplifier and power
pack will be sent free of
charge to any reader who intends to
make the instrument. 4 list of the
parts used in the original model is in-
cluded with the blueprints. Turn to
‘page 770 ‘and use the coupon printed
thereons; no blueprints will be sent
without it.
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FREE |
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Some rather extraordinary results were
obtained when the speakers were connected
in pairs and, finally, all three together. This,
incidentally, is a good stunt for the radio set
owner to try (that is, if he has more than
one speaker available). The small cone is
particularly good on the high notes and the
linen-diaphragm speaker on the low; when
the two were connected in series, the repro-
duction was simply extraordinary in its
fidelity and volume.

THE DOUBLE-DECK CONSTRUCTION

The construction of the 250 amplifier will
not present any particular problems to the
custom radio builder or experimenter. The
unique feature of the instrument is its
double-deck design. The high-voltage power
transformer, the rectifier tubes, and the fil-
ter condensers and filter chokes are all
mounted on a wooden baseboard 13 inches
long and 11 inches wide. The components
of the audio amplifier are mounted on a
board of exactly the same size raised about
9 inches above the first by means of four
brass angle supports, one in each corner. It
is this double-deck arrangement which
makes it possible to fit the amplifier very
nicely into the narrow record compartments
of the old-style phonographs. Practically
all other amplifiers of the 250 type described
heretofore are spread out over large boards
and cannot be disposed of very easily; they
must usually be hidden behind a chair in a
corner of the room, or special cabinets of
large and awkward dimensions must be pro-
vided for them.

Because of the weight and bulk of the
various transformers and condensers, it is
necessary to brace the chassis with brass
strips, to prevent it from bending out of
shape when it is picked up or moved around.
The cutting and bending of the brass can be
done quite easily with the aid of an ordinary
hacksaw, a vise and a heavy hammer.

The constructor who desires to avail him-
self of the multiple advantages of a 250
amplifier and power pack has, probably,
much of the necessary material on hand.
Following is a complete list of the neces-
sary parts, each identified by a distinct sym-


www.americanradiohistory.com

Radio News for February, 1929

bol which appears in all the illustrations
and working drawings. A list giving the
names of the manufacturers of the parts
used in the original model is supplied with
the free blueprints, which readers of R.aprio
News can obtain by using the coupon on
page 770 of this issue.

THE NECESSARY PARTS

One power transformer T1 to supply one
250-type power tube; has center-tapped
secondary developing 550 volts across each
section; also two center-tapped T5-volt
filament windings;

One filament-lighting transformer T2, with
a 2Z-volt secondary to supply a 227-tyvpé
tube;

Two Clough-type A.F. coupling units, T3
and T4;
One double-filter choke 1.1, for use in recti-

fier circuit; to handle current for 250

tube;

One 30-henry output choke 1.2, to handle 55
milliamperes; for use in 250 plate circuit
to loud speaker;

Two filter condensers, C1, C2; 4-mf. capacity
each, 1,000-volt rating;

One filter condenser, C3; 2-mf. capacity,
1,000-volt rating;

Three by-pass condensers, C4, C5, C6; 1-mf.
capacity, 400-volt rating;

One blocking condenser, C7; 1-mf. capacity,
G00-volt rating;

Two by-pass condenscrs, C8, C9; 4-mf. ca-
pacity, 180-volt rating;

One‘potcntinmcter, R1; 5,000 oluns, to carry
60 milliamperes; with sliding contact-arm;

One resistor, R2; 2,000 ohms, to carry 55
milliamperes; with adjusting clip;

One vesistor R3; 2,000 ohws, to carry 10
milliamperes; with adjusting clip;

One voltage divider, R4. This is a special
resistor unit enclosed in a bakelite case
and fitted with five control-knobs for “B”
and “C” voltages;

Three four-prong, UX sockets, S1, S2, S4;

One five-prong, UY-type tube socket, S3;

Two 281-type rectifier tubes, V1, V2;

One 227-type amplifier tube, V3;

One 250-type amplifier tube, Vi,

One single-pole, double-throw toggle switch,
SwW;

Two tip jacks;

Five binding posts;

‘Two wooden baseboards, 13 x 11 x 14 inches.

Eight feet of brass strip, l-inch wide by
14-inch thick;

Four pieges of brass angle strip, 1 x 1 x 14-
inch thick; each piece is 914 inches long.

One insulating panel, 7 x 4 x 3/16 inches;

Assorted wood and machine screws.

STARTING THE ASSEMBLY

The general construction and assembly of
the amplifier is made clear by the various
accompanying illustrations and drawings.
The best procedure to follow is this:

First, obtain the two baseboards and true
them up so that they are hoth exactly the
same size. In each of the four corners cut
an “I.”-shaped notch, an inch long on each
side and 14-inch deep.
These notches are to
accorunodate the ends

of the hrass angle
members which sup-

port the top amplifier
board above the lower
power-supply  board.
Cut the Il-inch flat
brass strip into two
pieces, each 4 feet
long. Bend each piece
into a rectangle so
that it will fit snugly

Fig. B

The half-completed unit,

with the power-pack com-

ponents . place. T,

power transformer; Si,

82, sockets for rectifiers;
L1, choke coil.

around cach of the wooden bhoards. This
will take a little bending and hammering:
but brass is easily worked and will give no
trouble. To anneal the brass before bend-
ing it, heat it to a dull cherry red tn a gas
flame, and then plunge it quiekly into cold
water; this tveatment
will harden iron, but
it softens brass and
malkes it very work-
able. Drill a serics of
hoes along each of the
strips, and fasten the
latter to the wooden

boards with 3/-inch
wood-screws. Set the
boards flush with the
top edges of the
strips.

When drilling the
strips, do not fail to
include two holes in
each of the corners.
These are to accom-
modate short machine
screws, which will pass
into the brass corner

Fig. C

Top view of the amplifier

board, showing the mneat

arrangement of the parts.

There is plenty of room

for an additional stage of

amplification, if this is
' desired,
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supports when the amplifier is finally as-
sembled. Also, drill three holes along the
front side of the left front upright; these
are to pass screws which will hold the con-
trol panel in place. The perspective draw-
ing, Fig. 1, shows the general arrangement
and the assembly of the chassis very plainly.

Drill and tap the ends of the four brass
angle members with holes to correspond
with those previously drilled in the corners
of the flat brass strip. Assemble the chas-
sis as shown in Fig. 1, merely to test its fit;
then vemove the corner picces and you are
ready to mount fhe various transformers
and condensers.

The layout of the parts of the power-
supply unit is clearly indicated in Figs. B
and 4. The various condensers CI, C2, C3,
Ct, C5, C6 and C7 are lined up in a row
along the long left-hand edge of the hottom
baseboard. The power transformer, TI, is
set in the back corner at the right, and the
double choke coil, 1.1, about 2 inches in from
the front edge. 'The two sockets, S1 and S2,
for the rectifier tubes, are mounted between
the transformer and the choke. Do not fail
to leave this 2-inch distance between the
back of the choke coil and the front edge
of the baseboard, as the voltage divider R4
and the control panel must be fitted in this
space. DBecause of their weight, the trans-
former and the choke coil should be fastened
down with 8-32 machine screws passing com-
pletely through the baseboard and tightened
on the underside with nuts. The condensers
and tube sockets, being lighter, can be fas-
tened down with wood-screws.

HINTS ON WIRING

Before proceeding any further, wire up
as much of the power pack now as you can.
Bring out long leads from one of the fila-
ment windings and from the high-voltage
sccondary of the power transformer before
screwing down the two large 4-mf. filter
condensers; as these condensers hlock these
transformer hinding posts. A fter soldering the
leads to the posts, vou can fasten down the
condensers permanently, and will then be able
to complete the connections without difficulty.
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The filament wires running from the
transformer T1 to the sockets S1 and S2
should be brought beneath the bascboard
and up to the socket terminals through holes
drilled in the wood. For the rectifier tubes,
use the filament winding directly under the
high-voltage winding; these six binding
posts arc not shown in any of the accom-
panying photographic illustrations because
they are hidden between the transformer T1
and the filter condensers C1 and C2. The
three filament binding posts visible in Figs.
A and C are connected to the 250 amplificr
tube.

Now fasten the voltage divider R4 in an
upright position in front of the choke coil
1.1, by means of two simple “L”-shaped
brass brackets. Do not fasten the small
control panel in place, as a number of wires
must be soldered to it later when the top
(amplifier) board is placed in position above
the power pack.

Put the lower board away temporarily
and proceed to mount the various instru-
ments on the top board, as shown in Fig.
C. This is a simple and symmetrical layout,
and can be wired very easily. As with the
power transformers, it is a good idea to bolt
the wunits T2, T3 and T4 and L2 to the
wooden baseboard. The tube sockets S3 and
5S4, the biasing resistors R2 and R3, and
the by-pass condensers C8 and C9 can be
held down with short wood-screws.

All the connecting wires in the andio am-
plifier circuit can be hidden on the under-
side of the board. Simply drill holes through
the latter and pull the wires through. As
this board is not yet fastened to the upright
corner pieces, it can be handled very con-
veniently, and the wiring on it can be done
in a very short time.

The 110-volt cord of the filament lighting
transformer T2 should be tacked to the un-
derside of the board, and will be joined later
to the cord from the power transformer TI.
Leave the loose end of the wire a foot or
so long, so that you will be able to make the
splice comfortably later.

As you can figure out by studving the
schematic and pictorial wiring diagrams
(Figs. 8 and 4) you will have to leave un-
connected long wires from the various in-
struments on the top board. These will be
shortened and soldered into place when the
amplifier board is fixed in its position above
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Above: Complete schematic diagram of the

amplifier and power pack. The symbols marked

on the warious parts correspond to those in

other illustrations. Left: Drilling layout of
the control panel.

the power pack. Tor instance, there will be
a pair of twisted wires from the tube socket
S+ which will run to the binding posts on
the transformer T1 as shown in Fig. D.
There will be also a wire runnihg from one
end of the biasing resistor R2 to the center
binding post of this same filament winding.

A wire will run from post No. 1 on the
audio transformer T4 to post No. 2 on the
voltage divider R4; another wire will run
from post 1 on transformer T3 to post 4
on the voltage divider. Another wire con-
necting posts 4 on T3 and T4, with one end
of each of the biasing resistors R2 and R3,

- will drop to the negative side of the recti-

fier circuit. Before mounting the amplifier
board in place, study out these connections
carefully and you will have no trouble in
completing them. The apparatus is so
nicely laid out that the connections fall
naturally in position without many cross-
overs.

FINAL WIRING OPERATIONS

The last connections to be made are those
leading to and from the small control panel,
which holds the potentiometer R1, the tip
jacks for the loud speaker, the switch SW
and five binding posts. The easiest way to
wire this panel is to place it about three
inches in front and slightly to one side of
the voltage divider; and to solder the vari-
ous connecting wires to it, making these
wires as short as possible; then the panel
may be pushed behind the brass corner
piece and screwed down tightly. The wires
will now be jumbled up between the back of
the panel and the last condenser, C7; just
reach in with a pair of long-nosed pliers
and separate them carefully so that they do
not touch each other or the resistor R1. Be
particularly caveful of the vesistor, as it
gets quite hot during normal operation. By
the wav, the filter condensers C4, C5 and
C6 should be connected to their respective
posts on the voltage divider, Nos. 2, 3 and 4,
before the amplifier board is placed in posi-
tion.

The very last operation consists of splic-
ing the 110-volt cords from the transformers


www.americanradiohistory.com

Radio News for Fcbruary, 1929

T1 and T2. No on-oft switch for the 110-
volt circuit is provided; because the radio
receiver itself usually is cquipped with a
switch which can cusily be made to control
the power pack. It is not good practice to
have separate switches, as the owner of the
set is quite apt to leave one of them turned
ort when he shuts the other off for the night.

ADJUSTMENT AND OPERATION

Because of the high voltages and com-
paratively high currents involved in the op-
eration of a 250 amplifier, the instrument
must be tested and adjusted with great cave
it the best results ave to be expected. First
of all, vou absolutely must cquip yourself
with a high-resistance voltmeter of the kind
designed for “B” power-pack service. The
most popular meters of this type have two
scale readings, one from 0 to 50 volts and
another from 0 to 250 volts; they are of
such high resistunce and take so little cur-
rent for their own operation that they do
not affect the voltages they are designed to
measure. Ordinarily cheaper voltmelers are
not suitable for the purpose, because some
of them draw as much current as the whole
radio set itself.

When you are playing with a rectifier
circuit devcloping as much as 700 or 750
volts on open circuit, and producing volt-
ages all the way down to 22, through a di-
vider, vou simply must have an accurate
and dependable  measuring instrument;
otherwise vou are completely lost. If you

is increased to 450 volts and the grid bhias
to 84 volts, the plate current will remain the
same, but the output rating will increase to
4,650 milliwatts, more than any radio set
owner will ever have occasion to take advan-
tage of. The first-stage amplifier tube,
V3, which is of the 227 type, will operate
satistactorily with 90 volts on the plate and
with a grid bias of 6 volts.

The voltage developed across the ends of
the filter circuit (that is, between L1 and
C3) is usually in excess of 450 volts; so
some means must be provided for cufting it
down. The resistor R1, acting as a poten-
tiometer, accomplishes this purpose; the en-
{ire 5,000-ohm vesistance of this unit is left
permanently in the circuit to cut down the
voltage supplicd to the voltage divider R
This, in turn, is intended to furnish voltages
between 22 and 180; so that an additional
5,000-ohm resistor is just about right.

When the amplifier is placed in operation,
the voltage devcloped between posts 1 and
5 on the voltage divider should be not more
than 220 volts, and not less than 200; if it is
less than 200, loosen one of the connecting
bands on resistor R1 and move in about 4-
inch. This will reduce the effective resis-
tance of R1 and will increase the voltage
across the dividersR4.

With 200 or 220 volts across R, the three
upper adjusting knobs on the divider can
be adjusted to give 130 volts at post 2 for
the first amplifier ttbe, V3; 90 volts at post
3 for the R.T. tubes in the radio receiver;

~resistance is in the cirenit.
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and 45 volts at post 4 for the detector tube,
which is fed through the coupling resistor in
the first transformer, I'3. A voltage of 150
fed to the tube V3 through the coupling re-
sistor in T4 actually drops to 90 on the plate
of the tube, because of the voltage drop
across this resistor.

To prepare the amplifier and power pack
for operation, connect the binding post
marked “radio” to the plate of the detector
tube of any broadcast receiver. Snap the
toggle switch SW, so that this binding post
is connected to the transformer, T3. If
you are using a magnetic-type loud speaker,
short-circuit the two binding posts marked

“D” and connect the speaker to the two tip

jacks on the control panel. Set the knob of
R1 so that the contact arm is touching
about the center of the resistor. Set the
three control knobs on R4 so that their ar-
rows are pointing direclly upward. Loosen
one clip on the biasing resistor R2 and move
it over so that only about two-thirds of the
Leave all of the
2,000 olhms of the biasing resistor R8 in the
circuit.
INCREASING THE VOLTMETER'S RANGE

Now, before putting the whole works into
operation, it will be necessary for you to
increase the range of the voltmeter; as it
goes now to only 250 volts, while you may
have to read values three times as high. The
writer found that an ordinary 250,000-ohm
resistor connected in series with the meter

—
P

gl =t

FILAMENT \\

= WINDING A

= Fl

@ m:HHGH YOLTAGE N

WINDING \

C i

T0 ¢

OF 250
FILAMENT
POSTS ON T1

TO'F‘OF
250 FILAMENT
POSTS ON TY,

S S T ALY Cesrerall ecrmrscieiss

—=1 90 VOLTS|| FOR RF.

—

i
.

do net own such a voltineter, or cannot ob-
tain the use of one, you might just as well
not malke this amplifier or any other one of
similar- design.

CURRENT VALUES

The 250 tube will work best with about 400
volts on its plate, and with a corvesponding
grid bias of 70 volts. Under these condi-
tions, the plate curvent will be 55 milliam-
peres and the maximuin available outpul
will be 8,250 milliwatts. If the plate voltage

TO
140 VOLTS

Fig. 4
In this picture d_z'a-
gram the amplifier

board is shown mnext

to the power board for

the sake of clarity;

actually it is above
the latter.

Ri

O
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tripled the scale reading. He first con-
nected the meter without the resistor across
two “B” batteries, which gave a reading of
exactly 90 volts. After the insertion of the
resistor the meter read only 30 volts.

A variable resistor of the so-called “uni-
versal” type may also be used as a “multi-
plier,” providing you have a source of
known voltage to test against. If you
haven't a set of “B” batteries on hand, con-
nect the voltmeter by itself between posts
5 and 3 on the divider, and then turn the
set on. Adjust the center knob on the di-
vider until you get a reading of exactly 90
volts; then insert either a 250,000-ohm grid
leak or a variable résistor, and see what the
reading falls to. With the variable resistor
you can turn the knob until you get exactly
30 volts. Then you can use the meter to
measure up to 750 volts; that is, when the
necdle points to 250 volts, the voltage will
actually be 750.

Leave the negative side of the meter con-
nected to post 5, and connect the positive
side to the plate of tube V4. Adjust
the resistor R1 until the meter indicates
470 volts. If we assume that the biasing re-
sistor R2 has been adjusted to the correct
value, this will mean that the tube is being
operated properly. That is, the voltage on
the plate is actually only 400, since there is
a drop of 70 volts across the biasing resistor,
R2. Because of the connections of the cir-
cuit, the grid assumes this 70-volt bias in
relation to the filament.

To determine whether or not the biasing
resistor is properly adjusted, merely short-
circuit the multiplying resistance you have
in the meter circuit, and connect the mcter
across R2. It will then read, directly, the
amount of voltage drop across it. By mov-
ing the clip on R2 back and forth and not-
ing the voltmeter readings, you can easily
strike the proper balancec.

Follow the same procedure in adjusting
the plate voltage and grid bias on the first
audio tube V3. With the voltmeter con-
nected between post 5 of the divider and
the plate, the reading should be 96 volts;
which will take into account a 6-volt drop
through the biasing resistor R3. It will
probably be necessary to use the full 2,000-
ohm winding of the resistor, although, of
course, it is wise to experiment. Do not be
misled into reading the voltage between the
post 2 on the voltage divider and the nega-
tive side of the rectifier circuit; as men-
tioned, there is a considerable voltage drop
through the resistor in the transformer T4.

The voltage to be applied to the detector

tube from post 4 on the divider through the
resistor in transformer T3 will be deter-
mined by the requirements of the particular
type of tube used in the receiver. A little
experimenting with the upper left knob on
the divider will determine the best position.
The bottom-half of the divider, which con-
sists of a 1,000-ohm resistor fitted with two
adjustable contact arms, is not used. How-
ever, if it becomes necessary to supply ad-
ditional biasing voltages to the grid of other
tubes, use can be made of this resistor.

SPEAKER AND PHONOGRAPH PICK-UP

The two binding posts marked “D” in the
schematic diagram are short-circuited when
a loud speaker of the magnetic type is used;
the short-circuiting link is removed if it is
desired to use a dynamic speaker and to
energize the field winding of the instrument
by making use of the current flowing in the
“B” circuit. Because of the resistance of
the field windings of a D.C. dynamic
speaker, there is a drop across them of
about 90 volts, the actual figure depending
on the particular make of speaker. Of
course, if the field of the speaker is con-
nected in the circuit, it is necessary to make
read justments on the potentiometer, R1; you
will probably have to turn the moving arm
completely off the resistance winding, so

Fig. D
How the completed unit looks from the side.
The rectifier tubes fit betwéen the transformer
T1 and the choke coil L1.

that it makes contact directly with the wire
leading from one of the “D” posts. You
will probably have also to move over one
of the end clips on the resistor, in order to
decrease the effective resistance of R1, and
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to balance properly the voltages across the
divider, R4. This sounds like a complicated
operation but, as a matter of fact, it can be
performed in a few minutes with the aid of
a voltmeter.

The phonograph pick-up unit may be con-
nected permanently to the two binding
posts marked “phonograph”; to switch from
radio to phonograph, it will then be neces-
sary only to snap the toggle switch SW in
the proper direction.

VENTILATION IS REQUIRED

The experimenter or constructor who has
never used the 250 power tube before may
become alarmed over the amount of heat
it develops. This is no cause for fear, for
the heat is the natural result of any tube’s
operation; even a tube as small as. a 171A
becomes so hot after an hour or so of use
that it cannot be touched with the fingers.
Similarly, the two rectifier tubes, V1 and
V2, which are of the half-wave type, also
become quite warm. It is a good idea to
drill a few quarter-inch holes through the
top board, directly above the tops of these
tubes; this will allow a circulation of air
and thus prevent accumulation of heat on
the underside of the board.

If you are particularly fond of any special
type of audio-amplification system, you can
readily incorporate it into this amplifier by
merely changing the coupling units; every-
thing else will remain the same. For in-
stance, you may have a pair of pet trans-
formers that you think superior to anything
else; you can easily install them by simply
connecting their primaries to the f{frans-
former posts marked 1 and 2 in the sche-
matic diagram and the secondaries to the
posts marked 3 and 4. There is plenty of
room on the top board for an additional
tube, if you wish to install three stages of
ammplification. In fact, the first experimental
model of this amplifier used a three-stage
resistance-coupled amplifier; and there was
plenty of room for everything. Tubes of
the 227 type were used in the first two
stages, the same filament transformer T2 be-
ing employed to light their filaments.

A tube of the 226 type may be used in the
V3 position, if the constructor so desires.
However, it will be necessary to use a po-
tentiometer across the filament circuit and
to bring the biasing resistor R3 to the arm .
of this potentiometer, in the same manner
that the biasing resistor R2 is connected to
the center tap of the filament winding for
the 250 tube. The 227 tube is preferable
because it introduces less hum.

Hints on Operation for the Short-Wave Beginner

HEN the recciver goes in and out
‘;g/ of oscillation with a squawk, or a

foud cluck, experiment with various
grid-leaks until you find the proper value
which will allow the receiver to go into
oscillation smoothly. Obstinate cases can
be cured, generally, by reducing the detector
plate voltage.

When wiring the receiver always connect
the rotor (movable) plates of the tuning
and regeneration condensers to the filament
return of the stage.

Power units, of both the “A” and “B”
types, are not recommended for use with
short-wave receivers. A good “B” power
unit is entirely satisfactory when used with
a broadcast receiver; for the simple reason
that, should a slight A.C. ripple be present
in the speaker, it will not be noticed be-

cause of the volume of the reproduced sig-
nal. However, listening to a very weak
signal with headphones is another matter;
in this case A.C. ripples which would be in-
audible in a broadcast receiver become lit-
erally roars in the phones. It should be
remembered, also, that the broadcast re-
ceiver is, or should be, operated below the
point of oscillation; this is quite a factor in
keeping the A.C. ripple down to a minimum.
In using a short-wave receiver, as the re-
generation control is advanced, the ripple
is amplified in direct proportion to the sig-
nal.

An efficient vernier dial must be used on
the tuning condenser of a short-wave re-
ceiver. This refinement is not essential on
the regeneration condenser; but tuning on
the high frequencies is so critical that often
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signals are passed over without the operator
being aware of their presence. This state-
ment, also, emphasizes the necessity of slow
and deliberate tuning, when a mere slight
pressure on the knob of the dial may bring
in a station.

It should be remembered that short-wave
receivers can be logged—not quite as easily
as the stabilized broadcast-wave rcceiver;
but with a fair degree of reliability. After
a station has been tuned in to the point
where it is loudest, turn the regeneration
dial to as low a point as it can be brought
without losing the signal; when this has
been reached, adjust the tuning condenser
until the signal is loudest. At this dial
reading the station may be logged; with
some assurance of returning to it, when
desired, with a minimum of “juggling.”
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onstructing a Modulated Oscillator™

The Constructor’s Friend
I custom radio builder or ad-
wvanced evperimenter who assem-

Dles the simple modulated oscillator
described in this article will soon
find it the most useful instrument on
his test table. It can be applied to
«a wide variety of important purposes,
and possesses the further advaniage
that it may be constructed, mosily, of
odd parts such as are always to be
found in the junk bow under the work-
bench.~—Lprror.

P4 HIS article outlines the construction
of a combination radio-audio-fre-
quency oscillator which will be ex-
ceedingly useful to the professional

set-builder and radio experimenter; because
it will enable him to make quick, effective
tests on the receivers he builds, and to check
as well the relative efficiency of the various
pieces of apparatus employed in the con-
struction of such receivers.

Not so many vears ago it was a common
practice to test the receptive qualities of
a receiver by hitching up a buzzer in the
antenna circuit, and noting whether there
was a response in the phones attached to
the veceiver. While this method was crude,
nevertheless it was more or less effective.
To calibrate a receiver required the use of

A rear view of the panel of the modulated oscillator, with its two shelves,

The position of all the apparatus is visible here—
If it is so desired, the box wmay be made deep enongh
to contain the nceded dry batteries.

removed from the case.
compare Figs. 4 and 5.

A Piece of Apparatus Which Every Radio Constructor Should
Have, Especially If He Is In the Business, and Which Can Be
Made at Trifling Cost With Little Labor.

By John B. Brennan, Jr.

a wavemeter fitted with a buzzer; so that
the tone of the buzzer could be picked up
on the receiver to be tested, at the particu-
lar wavelength setting of the wavemeter.

The oscillator described here does this
same job (besides many others listed below)
in a more efficient way. By its use, more
accuracy in calibration is obtained, due to
the fact that the oscillator for generating
radio frequencies may be made to produce
a very sharp resonance curve, Taking the
place of the old buzzer as a means of gen-
erating an audio tone is the andio oscillator,
which is coupled to the radio oscillator; so
that the wave of the radio-frequency oscil-
Jator may be modulated and therefore picked
up on any receiver.

Such an instrument is useful in the fol-
lowing ways: as a radio oscillator, it may
be used as a heterodyne wavemeter, as a
radio-frequency generator or driver, to
measure the gain per stage of a radio-fre-
quency amplifier, to measure the frequency
range of radio-frequency amplifiers, to de-
termine the tuning range of experimental
coils, and to measure the frequency range
of coil-condenser combinations. As an audio
oscillator, the instrument is useful as a
source of tone (for testing the continuity
of receiver circuits), for measuring capacity,
inductance and resistance, and for measur-
ing the over-all gain of audio-frequency am-
plifiers. When used as a combined radio-
audio oscillator (otherwise known as a
modulated oscillator) it may be used with

*R,«Dg) Nerws Free Blueprint Article No. 75. (Sce page 770.)
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A frout view of the modulated oscillator in 1its cabinet.
on. top may be readily substituted tn the position L1 as mnecded.

Ne. 75

A set of blueprints, to-
gether with a list of the
manufactured parts used
in the construction of the
original model of the
Modulated Oscillator illustrated here,
will be sent postpaid, free of charge,
to any reader desirous of construct-
ing this device. Please .turn to page
770 and wuse the coupon provided for
our mutual convenience; no blueprints
of this instrument will be sent with-
out the coupon.

the aid of a receiver to measure unknown
frequencies—as in the case of short-wave
reception, where it is desived to know the
frequency adjustment of an amateur short-
wave station—for racasuring the tuning
range of receivers, and for setting a re-
ceiver to a known frequency.

COMPACT AND VERSATILE

In the particular instrument described
here, three-volt tubes have been employed,
in both the radio and audio oscillators; be-
cause they render very satisfactory service
over a comparatively long period of time
and require only one 414-volt “C” battery
for filament illumination and one 2214-volt

The spare coils’
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“B” or “C” battery for plate supply. If the
instrument cabinet is deep enough, thesc
batteries may be placed inside; if not, they
may be fastened by brackets to the rear
outside wall of the cabinet.

For obtaining accurate resonance indica-
tions a 0-1%-scale milliammeter is included
in the grid circuit of the radio oscillator.
In operation a sharp dip of the needle of
the meter will indicate resonance when -the
oscillator is coupled to the receiver or coil
to be measured; by loosening the coupling
a more accurate resonance indication will
be obtained.

With interchangeable plug-in coils (L1)
in the radio oscillator and a single tuning
condenser (C1), it is possible to obtain a
frequency range from 15 meters to 550
meters. If it is desired to go higher than
this then, by shunting a .0001-mf. fixed mica
condenser across the tuning condenser, the
range may be extended to 725 meters.

The audio oscillator has a closed-circuit
jack located in its plate circuit; so that a
pair of phones may be plugged in, to hear
the nature of the tone. By means of a
switch connccted to four condensers of the
frxed type (C4, 5, 6 and 7), it is possible
to obtain four different audio tones. The
four condensers listed in the parts list
are satisfactory for general purposes but,
if the builder desires to obtain a tone of a
certain frequency, he will have to experi-
ment for himself with other condenser
values until the desired tone is obtained.

CONSTRUCTION AND ASSEMBLY

The instrument built by the author and
illustrated here utilizes a panel 714 inches
wide by 835 inches long; simply because
that size of cabinet was available. There
is no reason, of course, why a panel and
cabinet of larger size may not be used;
simply maintain the same general layout
of the instruments on the panel, as shown
in the accompanying diagrams.

After all the parts listed below have
Leen acquired, tighten the various terminals

- One

to prevent loosening after assembly. Then,
drill the panel in accordance with the lay-
out shown, Fig. 3. Prepare two pieces of
bakelite to serve as shelves to support the
tube sockets, amperites, output transformer,
etec. Next, cut four brackets from 14 x -
inch brass strip and bend; then drill to
take the shelves, and mount on the main
panel. After this the apparatus may be
mounted in place and wiring begun. Holes
are drilled through the side wall of the
cabinet to allow connection to the base of
the plug-in coil mounting which has been
previously mounted thereon. .

PARTS REQUIRED

variable condenser, .0001-mf. (C1);

One by-pass condenser, 1-mf. (C2);

One fixed condenser, .0001-mf. (C3);

One fixed condenser, .00015-mf. (C4);

One fixed condenser, .0005-mf. (C5);

One fixed condenser, .0015-mf. (C6);

One fixed condenser, .01-mf. (C7);

Two amperites, 4-volt, 60-milliampere (RI,
R3);

One vheostat, 10-ohm, (R2);

One variable resistor, 0-500,000 ohms (R4);

Two battery switches, (SW1, SW2);

One 4-point inductance switch, (SW3);

One plug-in-coil kit (five coils to cover wave-
lengths from 16 to 550 meters, 1.1);

One R.¥. choke coil, 85 millihenry, (L2);

One A.F. push-pull output choke; (L3);

Two UX-type sockets, (VI, V2);

One closed-circuit jack, (J);

One vernier dial;

One grid leak, 0.5-meg. (R5);

One single-resistor mount;

Two 199-type tubes;

One panel, 8% x 7Y x 3/16 inches; and
cabinet;

One 415-volt battery, one 2215-volt battery;

One box hook-up wire; miscellaneous bake-
lite and brass strip:

COIL DATA

A set of seven plug-in coils is necessary
to make the modulated oscillator cover
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wavelengths from 16 to 577 meters, a range
that takes in everything the short-wave ex-
perimenter, custom radio builder or general
experimenter is interested in. Inexpensive
manufactured coils of the proper sizes are
available, and it is recommended that the
builder of the oscillator purchase these, as
more uniform results will usually be ob-
tained. However, if he wants to make his
own inductors, with a slight variance in the
tuning ranges, he can use the following data.

All the coils are two inches in diameter
and, if home-made, should be fitted with
three plugs to fit a simple mounting, which
consist of a bakelite strip with three socket
receptacles. Coil 1, as manufactured, has
four turns of No. 16 or 18 enamelled wire,
the turns being spaced a distance equal to
the diameter of the wire; this tunes from
16 to 32 meters. Coil 2 has eight turns,
similarly spaced, and tunes from 26 to 48
meters. Coil 3 has 19 turns, and goes from
46 to 89 meters. Coil 4+ has 28 turns, and
tunes from 87 to 155 meters. Coil 5 (all the
above use wire of the same size) has 44
turns and covers the band between 107 and
204 meters. Coil 6 consists of 74 turns of
No. 24 D. C. C. wire, wound tight, and goes
from 170 to 337 meters. Coil 7 is wound
with 125 turns of No. 30 D. C. C. wire, and
covers the extreme upper band of 3138 to
577 meters. All the coils are tapped in the
center, as shown at L1 (Fig. 1).

If the coils are home-made, they may be
wound on bakelite, hard rubber, formica,
or other strong composition tubing, two
inches in outside diameter and one-eighth
inch or so thick. The “cut-and-try” method
may be used to bring their range to the
exact upper limit most desirable; but this
is a matter of individual experiment on
which more precise specifications cannot be
given. )

If coils are purchased ready-made, there is
an alteration which must be made on each
of the plug-in coils used. These coils, as
supplied in kit form, make use of a Dbase
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The compact panel of the appavatus has the controls ,of two oscillators;
modulated cuvrent, or either R.F, or A.F, aloue, may be obtained.
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This circuit alfords a means of testing and adjusting radio apparatis of all kinds.
SW1 open, pure audio tones may be generated, one for cach of the condensers selected by SW3.

With switch
The

modulated K.F. signal generated by both circuits together 1is a wvery convenient substitute for the

“broadcast station n operation’’

mounting which holds a primary coil
mounted on a hinge and four pin-jack re-
ceptacles for the various secondary-tickler
coils. Since the tickler winding is not used
in the oscillator circuit, either it may be
removed or its leads unsoldered from its
pin terminals; to one of these vacant ter-
iinals is soldered a lead, which in turn is
soldered to the mid-turn of the secondary
¢oil. 'This means that the builder will have
to count the turns of each secondary coil
and pick out the mid-turn, then make the
soldered connection to it.

When coupling by means of a coil to the
set under test is desired for measurement
purposes, the hinged antenna coil may be
used. In a majority of cases, however, it
will be found that sufficient coupling is ob-
tained by simply placing the apparatus to
be measured in close proximity to the coil,
which is fastened to the side wall of the
cabinet.

PRINCIPLE O THE CIRCUIT

The theory of the operation of this modu-
lated-oscillator is simple, and may be under-
stood from a study of the schematic wiring
diagram, Fig. 1. Radio-frequency oscilla-
tions are generated in the oscillatory circuit

needed to adjust sets.

formed by the tapped coil L1 and the vari-
able condenser C1, the tube V1 acting as
the “driver” which keeps the circuit oscil-
lating. The bottomn half of the coil L1,
from the center tap down to the end that
connects to condenser C2, acts as a tickler,
and performs the same function as in any
regenerative hook-up. It allows the plate
circuit of the tube to feed energy back into
the grid and its associated oscillatory cir-
cuit, and serves to kecp the latter going.

The condenser C2 prevents the “B” bat-
tery from short circuiting to the filament
through the tickler end of the coil L1. Iow-
ever, it does not prevent the radio-frequency
component of the plate current from flow-
ing in the proper manncr through the tick-
ler, where .it effects the aforementioned
feed-baclk.

Just as the coil L1 and its condenser C1
generate radio-frequency oscillations, the
split sccondary of the push-pull output
transformer L3 and its shunt condcnsers
Ct, 5, 6 and 7 gencrate audio-frequency
oscillations. The action is the same in both
cases, the only difference being in the elec-
trical values of the components and the con-
sequent frequencies of the generated oscil-
lations.
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The radio-frequency choke coil 1.2 allows
the direct current of the “B” battery to
reach the plate of the tube V2 through the
hottom half of the winding of L.3; but it
prevents the R.F. component of the plate
current of the R.F. oscillator, V1, from
short-circuiting itself through the high self-
capacity of the winding of L3 and through
the plate of V2 back to the filament. How-
ever, this choke has practically no imped-
ance (resistance) to the audio-frequency
tones generated in the L3-C4 circuit; and
it thercfore allows the latter to modulate
the R.F. current generated in the L1-Cl
circuit when the A.F. tube V2 is turned
on by means of switch SW2. With 5W2
off, only pure radio-frequency current is
generated; this current can be detected only
in an oscillating receiver. The modulated
current is similar in nature to a broadcast
signal and, for test purposes, may be re-
garded as such.

The advantage of using a local modulated
oscillator of this kind is that the custom
radio builder or experimenter has a test
“signal” of fixed value available at all times.
Such a signal is niore useful, in fact, than
actual broadcast signals, which vary in in-
tensity; its value being fixed, its relative
effect on two different veceivers or circuits
can be ascertained more readily than if a
fluctuating musical selection were used.

OPERATION AND CALIBRATION

Calibration of the oscillator is not so
difficult as it sounds. The procedure to be
followed for the broadcast band of fre-
quencics will be explained; the same direc-
tions will serve for the short-wave band.
A simple one-tube regencrative detector is
all the accessory needed. Insert the broad-
cast-range coil in its mounting, place the
oscillator near the regenerative detector (or,
instead, connect the hinged coil in series
with the antenna-ground lead of the ve-
generative detector) and then turn on both
the detector and the radio oscillator. Begin
at the high end of the detector tuning dial.
When a station is tuned in determine its
identity and wavelength. Usually this is
possible by listening for the station’s call
letters; by referring to a newspaper or

(Continued on page TTL)
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This assembly utilizcs every square inch of panel and the two bakelite

shelves ashown as heavy black lines in Fig. 4),

coil L1 are very short, as the coil is mounted to the left side of the bow.
Condensers C4-7 are simply huing by their leads.

Leads from Cl to the R.F.
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1t view of the rveceiver: the Euobs of the stage-control switches are at the extreme left and vight.

A Flexible Nine-Tube Superheterodyne

The Switching Arrangement of this Well-Designed Receiver Allows the
Use of Five Tubes for Economical Reception of Local Stations

N the superheterodyne illustrated here

there are suggestions affording an op-

portunity to the experienced construc-

tor, though no comprehensive construc-
tional details are given; it is to be taken
for granted that the set builder who under-
takes the construction of a superheterodyne
has a sufficient knowledge of radio to build
a receiver from a few photographs, a circuit
diagram and a superficial explanation of
what’s what regarding the circuit. On this
premise, no effort has been made to enter
into any minute details regarding the con-
struction of this receiver.

Also, for the reasons outlined above, no
constructional blueprints are to be made
available to Rapio News readers. The cir-
cuit is being published simply because of
its novel features, and the interest it may
hold for the constructor who has had pre-
vious experience with this type of receiver
and, therefore, has acquired sufficient knowl-
edge to build this model, if he so desires,
with the information offered here.

Briefly, the set is a nine-tube superhet-
erodyne of the conventional type, with an
antenna input which can be tuned either to
a loop or an aerial system. The nine tubes
are distributed as follows: a first detector
V1, an oscillator V2, four stages of in-

termediate-frequency amplification V8-4-5-6, °

a second detector V7, and two stages of
straight transformer-coupled audio-fre-
quency amplification V8-9. The last audio
tube may or may not be a power amplifier,
according to the preference of the con-
structor, though in the circuit diagram here
the separate “B”-voltage binding post and
the chioke coil-by-pass condenser output-
filter system show that provision has been
made for a power tube.

SWITCHING ARRANGEMENTS

‘What may be considered the novel fea-
ture of this set is the action of the first
switch, SW1, by which the intermediate am-
plifiers: may be cut out of the circuit, for
local reception. "The receiver, now compris-
ing a first detector, oscillator, second de-
tector, and two stages of audio amplifica-
tion, offers sufficient volume and selectivity
when receiving nearby broadcasts.

As may be seen from the diagram, the
Jjack-switch, SW1, is actually a combination
of three S.P.D.T. switches, so constructed

By Coleman Sutton

HILE it is against the policy of

Ravio News fo publish straight
regenerative circuils, or to give cut
information concerning them to be-
ginners, who would probably annoy
others to a greater ewtent than they
would benefit themselves—it is our
belief that any constructor sufficiently
experienced to assemble this super-
heterodyne from the schematic dia-
gram and make it operate, knows bet-
ter than to allow its first detector to
radiate and disturb the neighbors—
and we therefore commend it to the
well-wayed consciences of such amony
our readers. Rapio NEws cannot fur-
nish blueprints, the list of parts orig-
inally used, or constructional informa-
tion other than that contained in this
article, and requests our readers not
to ask for them.—Ebitor.

that all three poles are actuated with the
same movement.

In arrarging this switching circuit, it was
necessary to prevent any capacitative coup-
ling (between the plate of the first detector
and the plate of the last intermediate-ampli-
fier tube, V6) which might be caused by the
flat springs of the switch acting as a small
condenser. The arrangement shown in the
diagram prevents any such coupling; when
it is thrown for “DX” the lead from V6,
connected to the bottom lug of the switch,
is opened; the spring leaf next above the
bottom one closes the leaf just ahove it and,
as this latter is connected to the “A—" cir-
cuit, the connection between the plates of
the two tubes is thereby grounded. 1In
other words, when the switch is thrown to
“local,” there is a solid electrical connection
from the plate of the first detector, V1, to
the plate of V6; but, when it is switched to
“DX,” this connection is opened in two
places and the intervening portion between
the two openings is “grounded.”

The chance for any capacitative coupling
is still further reduced by running the fila-
ment-control. connections between the plate
connections, thereby separating the latter as
much as possible. In actual tests it was
found that the intermediate amplifiers did
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not oscillate any sooner, when the potentio-
meter was turned with the jack-switch in
the circuit, than they did when direct con-
nections were made with the jack-switch en-
tirely removed. Thus, the installation of
this switch provides a great saving of cur-
rent when listening to local stations, and yet
it does not reduce the efficiency of the cir-
cuit when receiving distant broadcasts.

AUDIO-STAGE SWITCHING

The second feature of the receiver, if it
may be termed such, is the switching ar-
rangement controlled by the jack-switch,
SW2 (this switching circuit was described
by the writer in the August, 1928, issue of
Rapro News). ‘It will be found that, with
the average run of superheterodynes, ample
volume can be obtained from even distant
stations when using one stage of audio-
frequency amplification; but, for extreme
volume, or if reception is faint when the
switch is on “Soft,” both audio stages may
be turned on merely by turning the knob on
the jack-switch to “Loud.” This switch, like
SW1, is of the jack type, but differs from
the first in that it combines four single-
pole double-throw switches. Panel-mounting
jack-switches are used in both positions, so
that they can be controlled from the front
of the panel.

Constructional details may be gleaned
from the pictures and the circuit diagram.
The former show the general layout to be
that of the conventional superheterodyne;
that is, the straight-line method of assembly;
the drum-dial type of condenser mounting
is emploved. The front panel, in ‘the set
illustrated, measures 7 x 3814 inches, the
sub-panel 9 x 8214 inches. _

The circuit is designed primarily for
aerial-and-ground operation, although pro-
vision is made for a loop antenna if desired.
By plugging the loop into the jack, J, the
antenna circuit is automatically broken; so
that, even when using the loop, the aerial
and ground leads may be left connected
permanently to the “B” and “P” posts of
the primary of the antenna coupler LI.
This device, which commonly parades under
the name of “three-circuit tuner,” comprises
a primary (either fixed or variable), a sec-
ondary and a variable tickler. Such com-
ponents are being marketed by any number
of manufacturers, and all makes available
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The hook-up wsed in Mr. Sutton's “super” is a time-tried one, made more flewible than before by the switches SW1 and SW2; the first cuts out the
intermediate amplifier, for local veception; the second allowes the use of a single audio stage for exceptionally strong sigunals.

are designed for the broadcast bands; ex-
cept a few, perhaps, for short-wave opera-
tion. The particular coil used in this re-
ceiver has an adjustable primary and a
variable tickler mounted on a shaft; the
capacity of the variable condenser CL must
be suited to the secondary of the coupler
used. In the same circuit (the antenna cir-
cuit of the first detector V1) are the grid
leak and grid condenser, of the usual val-
ues.

The oscillator coupler L2, which operates
in conjunction with the oscillator tube V2,
usually is obtainable as part of a set when
purchasing intermediate-frequency trans-
formers; and, as a rule, is designed by the
manufacturer to match the values of the lat-
ter. As with the variable condenser for the
antenna coupler, the capacity of the vari-
able condenser, C2, which is used to tune the
oscillatory circuit, depends upon the speci-
fication of the oscillator-coupler; the latter
is a simple component comprising three
windings on a coil form.

Symbols IF1-2-3-4-5 indicate intermediate-
frequency transformers, for which it would
be rather unwise to give constructional de-
tails because of the care and accuracy de-

manded in the construction of these com-
ponents. It is far safer to purchase these
units; as the manufactured products are
electrically matched in a manner which the
average experimenter hardly can imitate be-
cause of the laboratory instruments required
in this very important process. Also, it is
highly important that all intermediate trans-
formers be of one type and of the same
malke; these units are tuned to definite “fre-
queney-peaks”; and so each transformer
must be matched to this “peak.” Obviously,
two transformers of one rating, and two of
another will not produce the desired re-
sults or anything near it. Readers who have
done experimenting with superhets, also,
will doubtless have transformers, coils and
condensers aiready matched on hand.

ELEMENTS OF THE CIRCUIT

The second detector, V7, does not em-
ploy the leak-condenser method of detec-
tion, but instead makes use of the negative
grid-return; as the lealk-grid system, if used
liere, would be more easily overloaded by
the amplified signal. In expcrimenting with
the second-detector circuit it was found
that, - when the grid-return was connected

directly to “A—,” the tube was very mi-
crophonic; but, by connecting the grid-
return as shown in the diagram, so that the
grid potential is zero, the tube is then
practically non-microphonie, introduces no
distortion in normal operation, and handles
plenty of volume.

The radio-frequency choke coil RF should
be placed between the plate of the second
detector and the “P” post of the first audio
transformer, as indicated in the circuit
diagram and by-passed by the fixed con-
denser C3; which, though rated at .002-mf.,
is not criticai as to value. The choke coil
should have a value not lower than 80
millihenries.

Although this particular receiver makes
use of transformer-coupled audio-frequency
amplification, there is no reason why this
system of amplification must necessarily
be adhered to by the constructor; in this
regard he is safe in adopting whatever
system of audio amplification he may favor.
The importance of following specifications
in a superheterodyne may be amphasized,
until the plate circuit of the second detector
tube has been reached; from there on the

(Continved on page TT5)

Back view with tubes removed to show the positions of all the parts: the layout is simple and symmetrical,
and all the connecting wires are short and direct,
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Converting Single Condensers
Into Multiple Unit
ANY circuits have been devised where-

in the tuning condensers are so coupled
that they are controlled by one dial, as in

the Peridyne. A New Zealand correspond-
ent when building his Peridyne found that
the tuning condensers he had on hand were
not of the type specified in the construc-
tional blueprints; and therefore set about
building his own coupling device. The
method followed is explained in the direc-
tions below:

First, mount the condensers on the
brackets, as shown in Fig. 1; these brackets
should be cut from some stiff metal, so
that they will bear the weight of the con-
densers without giving. Mount the cranks
diagrammned at A on the condenser shafts;
and crank B on the drum dial, if one is
used. The slot in the end of B compen-
sates any variation from the true alignment.
After the condensers and cranks have been
secured and aligned properly, a 3/16-inch
rod of suitable length is passed through the
upper holes of the “A” group.—Contributed
by R. H. Lovegrove.

A “Bug” for the Budding Ham
Is Cheaply Made

VERY transmitting amateur, not already

the possessor of a transmitting key of
the “side-swiping” type (also known as a
“cootie” or a “bug”) has long coveted one.
The difference between this type and the
“straight” telegraph key of the conven-
tional type, is that with the latter the wrist
movement is up-and-down; while with the
former it is sideways, allowing the lever to
make contact on either side. -The advantage
of the double-acting “bug” is that trans-
mission may be more lengthy without tiring

the operator’s wrist; also, a certain swagger
or “swing,” which an expert operator usu-
ally prides himself on having, is acquired
with the use of this key.

The lever for such a key may he obtained
from little brother’s metal-strip construction
set, or may be any six-inch strip of firm,
flexible metal. By means of two right-
angles on one end of the strip, mount it on
a block of wood as shown in Fig. 2; a wire
under one of the angles makes one contact
of the key. The others are obtained by run-
ning a wire to the two contact-screws about
an inch back of the taped grip of the strip;
since the key is double-acting both screws
must be arranged so that when the key
touches either the circuit will be closed.
Connections to the screws can be accom-
plished by driving them through the holes
in soldering lugs and soldering the leads
to these lugs. The groove in the base of
the Dblock, shown by the dotted lines, per-
mits the key to rest flat on the table. As
a finishing touch, wind some electrician’s
tape about the end of the strip; this will
do as a grip, to make the key easier to
handle.—Contributed by William Schenk.

MECCANO STRIP ANGLES

CONTACT
SCREW

BASE BOARD

Fig. 2
Make your own key of a strip of metal; a
printer’s brass rule would serve very uicely.

Me‘rzool

CRANK *g" DRUMDIAL 5
. 3

CRANK'A"

| / e
CONDENSERS

HOLES

MOUNTING SET
FOR CONDENSER

#%-HOLE £ CLEARANCE
SLOT

DETAIL ' tRY
e CRANK B

BRACKET

'
SET SCREw

“L° 1S EQUAL TO L' PLUS
MAYIMUM DIAMETER OF COND.

Fig. 1

With old-fashioned condensers, single control may be obtained by the use of a coupling system of the

noture indicated above.

The length of the cranks must suit the parts used.
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A Resistor Holder Giving Better
Contact

REAKING one of the clips on a grid-

condenser led one contributor to con-

struct a grid-leak holder which he found

MOVABLE
RECEPTACLE

CONNECTOR X\ THREADED
MOUNTING
I
LEAK
e — T

A
GRID CONDENSER

Fig. 3
The mounh"ng device here gives satisfactory
results with grid leaks of wvarious lengths.

to be an improvement over the semi-flexible
clips supplied with the grid condenser. The
result of his hurried search for a substitute
is made from two tip-jacks of the coil:
spring variety, as shown above in Fig. 8; it
will be found that the small receptacle into
which the tip is inserted is kept at constant
tension because of the spring behind it. Two
of these were mounted as shown on a strip
of hard-rubber, or bakelite. The grid leak
is inserted by placing one end in the first
jack and pushing it in far enough to allow
the other end of the leak to go into place
in the other jack. Another advantage is
that the threaded portion of the jack may
be used for adjustment, to accommodate
cartridges of different length. Holders of
this type may be used also for either fila-
nient resistors or amplifier resistors.—Con-
tributed by Roy A. Jenkins.

Mending the Cone Speaker

THE method employed by one contrib-
utor to repair a cone speaker which had
met with disaster at the hands of his young
daughter may be of interest to other radio
fans. Making some adjustments on the
receiver, he found it necessary, during the
course of the experimnents, to place the
speaker on the floor; in which position it
must have appealed greatly to the little
girl as a convertible divan for, very de-
liberately, she turned it over and sat upon
it before papa could recover from his hor-
ror. After the salvaging operation, he re-
called reading, some time back, of repairing
paper cones by removing them from the
framework, stuffing wet paper into the cone,
arranging it in a cone of wet paper and al-
lowing the whole to dry.

Not having time for this process, he tried,
with many doubts an experiment which, at

(Continued on page 770)
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Where good “B” batteries go when they die: the resourceful constructor can use everything bul the squeal—or perhaps the label.

Making Good Use of «B”-Battery By-Products

- vITAT radio fan has not, at some
time or other, wept crocodile tears
over the remains of his erstwhile
valuable, but now defunct, “B”

batterics? Noj all is not lost just because
they will not operate the receiver. There 18
still value of a sort, and the owner. will
undoubtedly be surprised at what can be
reclaimed fromn a dead battery.

In order of the processes of extracting
thesc by-products, let’s see just what they
are.  First comes the scaling compound,
covering the block of cells and sometimes
completely filling the spaces between them.
Ordinarily this is nothing more than com-
mon sealing wax and it ean very casily be
reclaimed and poured into handy sticks for
desk or shop use.

Hold the battery in onc hand and knock
off the top wax with a hammer into a suit-
able pan. Never mind if the paper and
other debris comes with it. When the pan

By L. B. Robbins

is comfortably filled heat the wax over a
slow flame until it assumes liquid form.
In the meantime, roll up two or three hol-
low cylinders of sheet tin about a foot long
and an inch in diameter. Stick these up-
right in holes in a board as shown in the
sketch. Then pour the wax into the cylin-
ders and allow them to cool. Unvoll them
and vou will have as good sealing wax as
ever came out of a store. If black pitch
is used instead of scaling wax between the
cells, that can also be melted when wanted
and used to seal up other electrical appa-
ratus. It can even be run into the cracks
of leaky wooden sinks or tubs to render
them watertight.

Tach battery contains two or morc bind-
ing posts that should be salvaged. If they
are of the screw-post variety, cach will con-
sist of thrce parts; the screw, the nut
and a washer. These can be used for panel
binding posts as shown and, for the experi-

mental set builder, will save quite a bit of
money in the long run.

1f the posts are of the Fahnestock clip
variety they will also come in very handy.
Break them off at the soldered connection
and flatten out the long shank with a ham-
mer. Then drill a hole in this shank and
you will have handy conncctors that can
be quickly attached to cither pancl or base-
board. In either case be sure to scrape
off the varnish or lacquer with which they
are coated, in order to get a good metallie
connection.

Inside of each cell will be found a carbon
stick about 214 inches long. These can be
used for various resistance purposes by the
experimenter and can be inserted in a
mounting made of two of the spring clips
as shown. Another excellent and novel use
for such carbons is the making of a water
heater. Simply drill two holes in a strip

(Continued on page T12)
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THROWING A HANDFUL OF
OLD CELLS ON THE FIRE WILL

CARBON ROD IN CELL

RESISTANCE UNIT MADE OF
CELL CARBON AND CLIPS

SHAVING-WATER HEATER USING

CARBON RODS IN CELLS

L REMOVE SOO0T FROM FLUES

soot by their weight. The carbon resistors may find employment
as shown, due care against short-circuits being taken; always turn
off the current before removing the rods from the glass of waler,

The spring clips and binding posts of batteries are useful on every
experimenter’s table; wax in handy form will be always handy as @
fastener and an insulator, and the fumes of owxidized zinc dislodge
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“OLD FAITHFUL” OF THE SHORT WAVES

Short-wave broadcasting, though a novelty to
most of the general radio public as yet, is never-
theless practically as old as broadcasting on the
present ‘‘regular” band which centers somewhere
below 360 meters. As with the latter, station
KDKA  (whose trausmitters at KEast Pittshurgh,
Pa., are illustrated on these pages) was the pioneer
and still a leader,

In the spring of 1922, only a few months after
KDKA had commenced systematic broadcasting to
the public on a longer wave, [{. P. Davis, vice-
president of the Westinghouse Electric & Mfg.
Co., the owner of the station, conceived the idea
of using radio relays to link together stations for
simultaneous broadcasts., Dr. Frank Conrad, the
technical authority to whom has been entrusted
ihe direction of the ngeessary engineering develop-
ment, was convinced at once that the short waves
(then dismissed contemptuously to the realm of
amusement, rather than experiment) would offer
the solution. An experimental short-wave station,
KDPAML, was put in operation at Cleveland to work
with KDKA, and in the following year at Jlastings,
Neb.. KFKX undertook a regular schedule of re-
broadcasting KDIKA's nightly program as trans-
mitted and received on short waves.

It was not long before the success obtained war-
ranted an attempt to relay a program for inter-
national broadcasting; this was accomplished on
Dec. 31, 1923, when a New Year's Eve program
was transmitted by KDKA and successfully re-
broadcast at Manchester, England. On Dec. 12,
1924, the regular short-wave program was picked
up and rebroadcast at Johannesburg, South Africa,
at a distauce of nearly uine thousand miles; and
in the following month KDK\ was received aund
rebroadcast in Melbourne, Australia; thus span-
ning the diameter of the world. Each of these feats
set a record in international radio telephone work.

Into the White Wastes

Siuce 1923 the short-wave transmitter of KDKA
has been engaged in a work which exceeds in human

apto News will welcome any definite in-

formation from our readers about wun-
listed stations which you may hear putting
on programs, only if you hear the call or
the announcement of location. Please give
the wavelength as closely as you can esti-
mate it. Because of the number of cxpers-
mental  transmissions by amateurs and
others, we cannot undertake to list such
stations in the short-wave broadcast list on
another page, unless confirmation is re-
ceived of their having a regular schedule;
but all definite information received rwill
be published here.  Please consult data
we have published before writing for in-
formation; we have no way to identify
a- station by its program or language, since
many foreign stations transmit in several
languages; mnor even by its approximate
wavelength, unless it is one of the larger
and best-kntown transmitters.

interest, undoubtedly, its many scientific and en-
gineering achievements—that of keeping in touch
with civilization its pioneers in the frozen Arctic.
It began with the distribution by the Canadian
Westinghouse Co. of receivers to the Royal Cana-
dian Mounted Police; now traders, explorers, mis-
sionaries, and others rely upon the messages thus
sent to them for news and entertainment, especially
in the midday night of the northern winter. In
fact, many lives have been saved through the di-
rections sent out from this station for the organiza-
tion of relief expeditions at posts capable of aiding
isolated parties whose plight would not otherwise
have been known in time. At present KDKA is
transmitting also “Far South” programs for the
benefit of Commander Byrd's expedition; these
transmissions represent a most carefully prepared
series of distance programs. To reinforce the
service of KDKA, the Westinghouse stations \WDBZ,

One of the short-wave transmitters at KDKA. C. V. Horn, superintendent of radio operations
for the Westinghouse company, is making adjustments on one of the early R.F. amplifying stages.
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Springfield, Mass,, and KYW, Chicago, are also
equipped with short-wave equipment which is kept
ready for use.

In addition to regular programs of music and
speech, and the special messages which have been
from time to time sent out to individuals in the
Arctic regions, as above described, the short-wave
transmitters at East Pittsburgh have heen used
for motion-picture and radio-photo broadcasts: some
of this work was illustrated and explained in the
November 1928 issue of Rapto NeEws (page 416).
As yet no attempt has been made to: present tele-
vision on a regular schedule from this station;
and it is stated by the company that it has mno
intention of doing so until the system has been
developed to a point of greater efficiency, com-
parable with that of audible broadcasting. In the
meant