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RADf9 TUBES* 

The Right Tube 
in the Right Socket 
There are now twenty distinct types of 
Cunningham Radio Tubes each expressing 
the correct balance in design and specifica- 
tion to perform a definite function most 
efficiently in your radio. Your dealer will 
tell you the correct type your radio is de- 
signed to use. Equip throughout with Cun- 
ningham Radio Tubes. By so doing you 
insure maximum performance in your radio. 

Twenty different types- 
all in the Orange and Blue carton 

E. T. CUNNINGHAM, Inc. 
NEW YORK CHICAGO SAN FRANCISCO 

105 Standard fio all Sets 
N4l2a 411 
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All Electric Radio 

7 J UST plug this Randolph Radio into the electric light socket - 
and tune in. A powerful, selective radio that gives dependable 

coast to coast reception. No batteries, chargers, eliminators, acids or 
liquids. Here is complete radio satisfaction whenever you want it. The easy tuning 
with one control brings on all stations. Illuminated drum allows you to operate the 
radio in the dark and has space for logging stations. Every detail of the Randolph is 
modern and perfected -it is the utmost-in radio -unsurpassed regardless of price. It is 
this wonderful radio that you test and try for 30 days FREE before you buy. Listen to 
it in your own home. When it convinces you by actual performance it is the ideal radio - 
the one you have always hoped for -you can buy it direct at factory prices. Be sure 
you write for free descriptive literature today. Genuine Walnut Cabinets 

áRandolph 
Tubes-Single Control 

Beautiful Ampliphonic Console 
Illustrated here is one of 
the beautiful Randolph 
Seven Console Models - 
made of the finest care- 
fully selected heavy solid 
walnut, hand -rubbed and 
with burl finish. Has 
built -in genuine large 
cone speaker that com- 
pares with any on the 
market. Assures unlimi- 
ted reception of high 
notes and low notes clear 
as a bell. Completely 
electric -uses no bat - 
teries of any kind. Be 
sure you send for fully 
illustrated, full color 
folder giving complete 
details. 

The finest of heavy, genuine, solid burl 
finish walnut is used in the making of all 
Randolph cabinets. No picture can do 
them justice. You must see them to 
appreciate them. 

6 -Tube Radio 
New, modern, single- control, six -tube 
radio. Do not compare this set with old - 
style, 2- dia1,6 -tube sets selling for about 
the same price. The Randolph 1928 Senior 
Six has also been tested and approved by 
the leading radio engineers. Comes in 
beautiful solid walnut cabinet of hand - 
rubbed finish. Single control. Illum- 
inated drum with space for logging. Ab- 
solutely dependable and very selective. 
Send for 30 days free trial. You test it before you buy. 

All Sets 
Guaranteed 

O 
DAYS 
FRE E 
ThIAL 

'rube 

Retail Price 

Biggest 

Discounts 

To 
Agents 

uuum.uuum1wmuaum1.. = Ek_ 

uumynwroun yatiuuuiux.Mrawunniuiwomuwuunmuuunmmunnnnwwei. 

`USE THIS COUPON TODAY! 

RANDOLPH RADIO CORPORATION 
711 West Lake Street Dept. 254 Chicago, Ill. 

i 

I 
I City - _State 

Randolph Radio Corporation 
7tt West Lake Street, Dept. 254 
Chicago, Illinois 
Send me full particulars about the RANDOLPH Six and 
Seven -Tube Electric and Battery Table and Console Sets 
with details of your 30 Day FREE Trial Offer. 

Name 

Address 

i Mark here if interested in Agent's proposition. 
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THORDARSON ELECTRIC MANUFACTURING CO. Transformer specialists since 1895 
WORLDS OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS 

Chicago. US.A. ............... 

RADIO BIWALWAST. NOITIllbCr. 1027. Published monthly. Vol. X11, No. 1. Published at Garden City. N. Y. Subscription price $4.00 a year. Entered at the post office at 
Garden City, N. Y., as second class mail matter. Doubleday, Page & Company, Garden City, N. Y. 
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Many times in the old 
days, while I trudged home 
after 'cork to save car- 
fare, I used to gaze envi- 
ously at the shining cars 
gliding by me, the pros 
perous men nod women 
within. Little did I think 
that inside of a year, I 
too, should have nyi own 
car, a decent bunk ac- 
count, the good things of 
life that make it worth 
living. 

I Thought Success Was For Others 
Believe It Or Not, Just Twelve Months Ago 

I Was Next Thing To "Down -and -Out" 

MO-DAY I'm sole owner of the fastest - 
growing Radio store in town. And I'm 

on good terms with my banker, too -not 
like the old days only a year ago, when 
often I didn't have one dollar to knock 
against another in my pocket. My wife and 
I live in the snuggest little home you ever 
saw, right in one of the best neighborhoods. 
And to think that a year ago I used to 
dodge the landlady when she came to collect 
the rent for the little bedroom I called 
"home"! 

It all seems like a dream now, as I look 
back over the past twelve short months, 
and think how discouraged I was then, at 
the "end of a blind alley." I thought I 
never had had a good chance in my life, 
and I thought I never would have one. 
But it was waking up that I needed, and 
here's the story of how I got it. 

IWAS a clerk, working at the usual 
miserable salary such jobs pay. Some- 

how I'd never found any way to get into 
a line where I could make good money. 

Other fellows seemed to find opportuni- 
ties. But -much as I wanted the good 
things that go with success and a decent 
income -all the really well -paid vacancies 
I ever heard of seemed to be out of my 
line, to call for some kind of knowledge I 
didn't have. 

And I wanted to get married. A fine 
situation, wasn't it? Mary would have 
agreed to try it-but it wouldn't have been 
fair to her. 

Mary had told me, "You can't get ahead 
where you are. Why don't you get into 
another line of work, somewhere that you 
can advance ?" 

"That's fine, Mary," I replied, "but what 
line? I've always got my eyes open for a 
better job, but I never seem to hear of a 
really good job that I can handle." Mary 
didn't seem to be satisfied with the answer 
but I didn't know what else to tell her. 

It was on the way home that night that I 
stopped of in the neighborhood drug store, 
where I overheard a scrap of conversation 
about myself. A few burning words that were 
the cause of the turning point in my life! 

With a hot flush of shame I turned and 
left the store, and walked rapidly home. So 
that was what my neighbors -the people 
who knew me best -really thought of me! 

"Bargain counter shiek -look how that 
suit fits," one fellow had said in a low 
voice. "Bet he hasn't got a dollar in those 
pockets." "Oh, it's just `Useless' Anderson," 
said another. "He's got a wish -bone where 
his back -bone ought to be." 

As I thought over the words in deep 
humiliation, a sudden thought made me 
catch my breath. Why had Mary been so 
dissatisfied with my answer that "I hadn't 
had a chance ?" Did Mary secretly think 
that too? And after all, wasn't it true that 
I had a "wish- bone" where my back -bone 
ougt to be? Wasn't that why I never had a 
"chance" to get ahead? It was true, only 
too true -and it had taken this cruel blow 
to my self- esteem to make me see it. 

With a new determination I thumbed the 
pages of a magazine on the table, searching 
for an advertisement that I'd seen many 
times but passed up without thinking, an 
advertisement telling of big opportunities 
for trained men to succeed in the great new 
Radio field. With the advertisement was a 
coupon offering a big free book full of in- 
formation. 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. I 
read the book carefully, and when I fin- 
ished 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 monks, 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 I was getting so much to do in the 
Radio line that I quit my measly little cler- 
ical 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 I had wanted to follow some 
other line of Radio besides building my own 
retail business -such as broadcasting, man- 
ufacturing, experimenting, sea operatLtg, or 
any one of the score of lines they prepare 
you for. And to think that until that day 

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

N3W I'm making real money. I drive a 
good -looking car of my own. Mary 

and I don't own the house in full yet, but 
I've made a substantial down payment, and 
I'm not straining myself any to meet the 
installments. 

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 some- 
thing about it instead of drifting. 

This new Radio gaine is a live -wire field 
of golden rewards. The work, in any of the 
20 different lines of Radio, is fascinating, 
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 little 
you know about Radio -clip the coupon 
below 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 
anyone who wants to know about Radio. 
Just address J. E. Smith, President, Na- 
tional Radio Institute, Dept. 0-94, Wash- 
ington, D. C. 

J. E. Smith, President 
National Radio Institute, 
Dept. O -94, Washington, D. C. 

Dear Mr. Smith 
Please send me your 64page flee book, 

printed in two colors, giving all information 
about the opportunities in Radio and how I 
can learn quickly and easily at home to take 
advantage of them. I understand this request 
places me under no obligation, and that no 
salesmen will call on me 

Naine 

Address 

'town State 
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Some folks judge cheese by the holes 

Besides Micarta panels and 
tubing for better insulation 
and radio testing instru- 
ments for better reception, 
Westinghouse also makes 
Rectigon and Rectox for 
better battery charging. 

They say, "the more holes the better the cheese." You might 
make this test for cheese a rule when buying radio panels. At 
any rate, the more holes you plan to drill, the more certain you'd 
better be that it's a Micarta panel. Only a strong material can 
carry a load of condensers, transformers, coils and sockets after 
the panel has been honeycombed with holes to receive them. 

The particular set builder chooses Micarta for both panel and 
sub -panel -its high insulation qualities allow the most compact 
arrangements. Micarta is easy to drill, engrave or cut -put a 
hole close to the edge, or close to another hole, and no crack will 
appear between. 

You get a choice of striking finishes in black, mahogany, wal- 
nut grain or walnut burl. And you'll be surprised how inexpert 
sive it is to use the best. Micarta panels and tubing can bF. 

obtained from Micarta Fabricators, Inc., whose addresses are. 
given below. 

WESTINGHOUSE ELECTRIC Sr_ MANUFACTURING COMPANY 
Offices in Principal Cities Representatives Everywhere 

Tune in sometime with KDKA- KYW- WBZ -WBZA 

Westinghouse 
MICARTA FABRICATORS, Inc. 

OF NEW YORK 
309 Canal Street 
New York City 

ICART 
GEG4i0.[OR 

MICARTA FABRICATORS, Inc. 
OF ILLINOIS 

500 South Peoria Street 
Chicago, Ill. 
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cAnnouncing 
THE A. C. RADIO TUBE 

FOR YOUR PRESENT SET 

ARCTURUS A. C. TUBES 
DETECTOR -AMPLIFIER -POWER 

Four Prongs -Fits Present Sockets -For all D. C. Sets 

BETTER RECEPTION 
MORE RELIABLE MORE CONVENIENT 

LESS EXPENSIVE 

Now you can have unfailing quality re- 
ception, the convenience and reliability 
of A. C. Tubes, with but a few simple 
changes, in any D. C. Set. 

Arctnrize Your Present Set 

No matter what set you now own it will 
pay you to get complete information 
about this latest development in radio. 
You will find added satisfaction in the 
perfect reception you get with Arcturus 
A. C. Tubes. 

Write today for complete information 
mentioning make and model of your 
present set. 

ARCTURUS RADIO COMPANY, Inc. 
251 Sherman Avenue, Newark, N. J. 

.5 
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87% at 30 Cycles 
At 3o cycles, an S -M zzo audio transformer in a stand- 
ard amplifier circuit gives 87 % of the amplification ob- 
tained at woo cycles, while its curve is substantially fiat 
from wo to soca cycles. Above 2000 cycles, the curve for 
a single stage falls off gradually, while in a standard two 
stage amplifier circuit, the curve is substantially fiat up to 
5000 cycles above which frequency it falls off rapidly to keep 
static, heterodyne squeals and "set noise" at a minimum. 

The above paragraph sums up at once the desirable 
characteristics of an audio amplifier and the actual per- 
formance of S -M audio transformers. It is just this fact 
that has made 220's the choice of over half of the design- 
ers of the new 1927.1928 circuits, for engineers know that 
the short cut to the finest of quality is to use S -M audios. 
220's have outsold every other transformer in their class 
for over a year. And S -M audios are being used in more 
broadcasting stations than any other types. WCAE, 
WBBM, WEBH, KFCR, WTAQ, KGDJ, WLBF, 
and many others. WCFL, the "Voice of Labor," checks 
quality of all programs with them. Nathaniel Baldwin, 
Inc., famous speaker experts, test witli 220's and 221's. 

Your guarantee of quality is to use S -M 220's and 
221's in every circuit you build, and you'll find that over 
half the popular 1927 and 1928 circuits will give you just 
this same guarantee. 

The 220 audio is the biggest value on the market, and 
its performance measures up to its 4 -pound size. It con- 
tains more steel and copper than any other transformer 
-the measure of transformer merit. Price $8.00. 

221 output transformer not only protects loud speakers 
against power tube plate currents, but compensates low 
frequencies for all loud speakers. Price $7.50, or with cord 
and tip jacks, No. 222, $8.00. 

23o push -pull input and 231 push -pull output trans- 
formers are priced at $io.00 each. 

and complete A. Cu operation 
THAT'S THE STORY of the famous Silver 

Shielded Six in a nut -shell. Every one of the 
thousands who built last year's Shielded Six 
said the same thing -"The Six has the finest 
tone I ever heard." And now the new and im- 
proved 1928 Model of this famous receiver is 
ready, with the same fine tone as the original, 
and tremendously increased selectivity and dis- 
tance getting ability. 

And just as last year S-M engineering led the field with the first 
individual stage shielding, dual control, all metal assembly features that 
definitely established the Six as the finest of kits, so S -M again leads. 
With the new A. C. tubes just out S-M offers for immediate delivery, 
A. C. Shielded Six Kits- before other A. C. tube circuits have even 
been announced, S-M engineering has been completed. 

The Shielded Six may be built for operation with standard tubes, 
using batteries or eliminators, or it may be built with new A. C. tubes 
using the compact S-M 652A, ABC power plant. Or the man who wants 
the finest possible tone can build self contained super -power push -pull 
amplification, for 171 or 2io tubes right into his Six. And with its three 
stages of tuned R. F. amplification, plug -in coil covering all waves from 
200 to 3000 meters, its all -metal assembly, individual stage shields, light 
socket operation, and other features, the Six can't be duplicated for less 
than $250 to $5oo. Above all, the Six is guaranteed to have finer tone 
than any other set you can buy. 

The astonishing simplicity of the light socket operated Improved 
Shielded Six is here illustrated. This Six (a special model with push -pull 
171 power amplifier) is complete, ready for operation with all power 
supplied by the small unit at the left. Only a short antenna, a ground 
connection, and loud speaker need be added for operation. 

Type 63o kit contains all parts for standard Improved Shielded Six 
for 5 volt tubes, for battery or eliminator operation. Price $ç .00. 

Type 63o AC kit contains all parts for the light socket operated 
model using 4 -C327, I -CX326 and i -CX37i A. C. tubes. Price $99.00. 

Type 652A, ABC power plant kit contains all parts for an ABC 
power supply for 63o AC kit or any standard receiver using A. C. tubes. 
Price $36.50, or assembled, ready to use, No. 656A, price $4o.5o. 

Send roc to cover postage and we'll mail you enough new dope 
on A. C. operation, super -quality amplification and how to bring 
last year's Six up -to -date to fill your reading evenings for a week. 

SILVER - MARSHALL, INC. 
838 West Jackson Blvd. Chicago, U. S. A. 
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MAGNIFICENT TONE-SUPER SELECTIVE- POWERFUL DISTANCE GETTER 

jçIRACo 
ers Say : 

Reports from users everywhere 
leave little for us to add. These are 
only a few of the many in, our files 
and which we receive daily. Send 
conpon for plentyof additional proof 
and testimony of nearby risers. 
CLEARER THAN A $450.00 SET 
Before I bought your set I tried out 
and beard quite a number of differ- 
ent makes sets and 1 believe 1 can 
truthfully say that I never yet bave 
beard a set with such wonderful 
tone and clearness as the Miraco. 1 
never thought that a set could he as 
clear and reproduce tones and voices 
as the Miraco. Saturday I listened to 
a $450.00 set and it can't even come 
near your set for clearness and vol- 
ume. I have logged some very distant 
etations on the Unitune and althoo gb 
people won't hardly believe me, the 
first week I had KFI Los Angeles on 
two nights in succession on a 30 -ft. 
temporary inside aerial. -FRANK 
A. OLDENBURG, Milwaukee,Wie. 

SHARPLY SEPARATES STATIONS 
The Undone brings in stations very 
clearly and with a selectivity that is 
amazing when you take in consider- 
ation the mass of stations on the air 
at the same time. I have beard three 
and Pour stations that were on almost 
same wavelengths at the same time 
end was able to tune ont one after 
the other without the least interfer- ence.-W. L. BROBACK, San 
Francisco, Calif. 

EXPERIENCED FAN PRAISES SET 
Miraco is the most wonderful radio 
I have ever seen. I have had experi- 
ence with many popular makes of 
radios, also have built a number of 
them myself hut in tone finality it is 
far superior to all. For sensitiveness 
I can say it Is more like a snper- 
hetrodyne.-R. D. WHITE, Proctor, 
W. Va. 

HAS POWER TO SPARE 
"Well Pleased" with Miraco would 
be putting it mildly. Haven't heard anything to equal it regardless of price. With temporary aerial tuned 
m WEAF then WIOD Florida felt 
sure this must he W J Z the pet station 
of this local - 
ity. Stations 
all coming in 
clear with 
wonderf u l tone and 
tremendous 
volume. Sel- 
dom have 
more than 
half of vol- 
ume turned 
on. A local 
agent insist- 
ed he could 
prove his set 
superior hut 
to his surprise and astonishment my 
family and ore and the agent 
himself admitted his $165 set had to 
step out of the way for Miraco - 
H. W. HOEPFL, Perkicmensville,Pa. 

Set! scountsto or BattelySet. 
a's big, old, reliable Ra- 

dio 

gserAgenIs 
America's 

Corporation (8th successful 
year) guarantees in its big, 
powerful. latest 6, 7 and 8 tube 
Miraco sets "the finest, most 
enjoyable performance obtain- 
able in high grade radios." 
Unless 30 days' use in your 
home ully satisfies you a Miraco 
is unbeatable at any price for 
beautiful, clear cathedral tone, 
razor -edge selectivity. power- 
ful distance reception, easy 
operation, etc.- don'tóuy it! Your Miraco reaches you corn- 
Your verdict final- Save or pletely assembled. rigidly test - 
make lots of money on sets and ed, fully guaranteed. Easy to equipment-write for testimony connect and operate. 30 days' of nearby users and Amazing trial free. 3 year guarantee if Special Factory Offer. 

you buy. You take no risk, you 
Miraco's work equally fine insure satisfaction, you enjoy 
on "AC" electric house rock - bottom money -sav- 
current or with batteries. ing prices by dealing direct 
Take your choice. Many thou - with one of radio's oldest, most 
sands of Miraco users -who successful builders of fine sets. 
bought after thorough corn- 8th successful year in the radio 
parisons -enjoy programs Coast manufacturing business. 

ealersWrite. 
U tofr ands. Get OureSpecial WholesalenPriccesi 

0 

D eMIDWEST RADIO CORPORATION. Cincinnati. O. 
.t."' "_{ ,IBEAUTIFULLY ILLUSTRATED CATALOG 

AND AMAZING ve' j j SEND NO MONEY -30 
SPECIAL OFFER 

DAYS' TRIAL, Special 
Wholesale Price Offer to User -Agents, Bank 
References,testimony of nearbyMiracousers -all the proof you want -gent with catalog. 

to Coast, Canada to Mexico 
loud and clear -with the mag- 
nificent cathedral tone quality 
of costliest sets. Don't con- 
fuse Miraco's with cheap. 
"squawky" radios. Miraco's 
have finest parts, latest ap- 
proved shielding. metal chassis, 
etc. -as used in many $200 sets. 

Deal Direct 
with Big Factory 

mail cou ' on rightnoui. pssseaam- 
.,MIDWEST RADIO CORPORATION 

Pioneer Builders of Sets 
406 -E Miraco Building, Cincinnati, Ohio. 

nuamNglimomnnmmmmdiWHn,z :.,,..- 

MIRACO "Powerplue" sets 
-bothin8and 7tubemodels- 
have magni fis ently beautiful. 
clearcathedraltonequality. Turn 
one dial for stations everywhere. 
Ultra -selective. Miraco multi - 
stage distanceamppli fication pives 

power -plus "on far-off stations. 
Latest all -metal shielded chaccis. 
'Illuminated dial. Fully guaran- 
teed. Try one free for 80 days/ 
Choice of beautiful cabinets. 

ElectrifkApy Radio 
MIDWEST NO- BATTERY 

aC"Light Socket 
Units 

..A.. .B.. and "C" 
power. direct from 
light socket. with- 
out batteries! Writefor Mid westprices 
and discounts. Midwest Units are highest trsde- lastingly dependable, quiet in opor. 

DISCOUNT 
TO 

User -Agent 

etion. fully guaranteed. 

Another Big Bargain! Famous pow- 
erful big Miraco Super 6, 1928 model - 
ultra selective 1 Thousands find it out- 
performs sets of much higher price. 

30 Days' Trial Free. Fully 
Guaranteed. 

THIS COUPON 
IS NOT 

AN ORDER 
Without obligation, send free catalog, AMAZING SPECIAL OFFER, testimony of 
nearby Miraco users. User Agent Dealer 

NAME 

ADDRESS 



OCi ? 9'27 ©CI B7(SIIh4 

RADIO BROADCAST 
NOVEMBER, 1927 

WILLIS KINGSLEY WING, Editor 

KEITH HENNEY EDGAR H. FELIX 

Director of the Laboratory Contributing Editor 
Vol. XII, No. 1 

CONTENTS 
Cover Design - - From a Design by Harvey Hopkins Dunn 

Frontispiece - Proper Radio Equipment on an Airplane io 

What's the Trouble With Aircraft Radio? - Anonymous II 

The March of Radio 
What's the Matter With Radio Advertising? 
Action from the Federal Radio Commission 
Prospects for Patent Pooling 
Is Direct Advertising a Service? 

Meters, Kilocycles, or "Channel Numbers "? 

Radio Receivers for $175 or Less 

Loud Speakers and Power Equipment 

How the Cooley "Rayfoto" System Works 

Refinements of the Modern Radio Receiver 

What is a Good Radio? 

Do You Own a Battery Operated Set? 

Electrifying the Browning -Drake 

An Editorial Interpretation 14 
Radio Engineering Today 
News of the Patent Field 
The Month in Radio 

Our Readers Suggest... . 

Ralph H. Langley 18 

Austin G. Cooley 

Edgar H. Felix 

Keith Henney 

- Howard E. Rhodes 

James Millen 

Listeners -Guests or Customers? 
The Listeners' Point of View 

The R.G.S. "Octamonic" Circuit 

The Freshman "Equaphase" Circuit 

The Improved Shielded Six 

The Improved Aristocrat 

Suppressing Radio Interference 

As the Broadcaster Sees It 
Putting Freak Broadcasting In Its Place 
Background Noises 

John Wallace 

David Grimes 

J. O. Mesa 

John E. McClure 

Arthur H. Lynch 

A. T. Lawton 

Carl Dreher 
Abstract of Technical Article 
Auditorium Acoustics 

"Radio Broadcast's" Laboratory Data Sheets 
No. 137 Operating Vacuum Tubes in Parallel 
No. 138 The Unit of Capacity 
No. 130 Inductive Reactance 
No. 140 Coil Reactance 
No. 141 A. C. Tube Data 

Manufacturers' Booklets Available 

No. 141 Obtaining Various Voltages from a 
B -Power Unit 

No. 143 Solenoid Coil Data 
No. 144 The Transmission Unit 

What Kit Shall I Buy? 

"Radio Broadcast's" Directory of Manufactured Receivers - - - 

A Key to Recent Radio Articles - - - E. G. Shalkhauser 

AMONG OTHER THINGS. . 

fin 

FOR more reasons than one, the New York Radio Show is 
generally accepted as the event which crystallizes interest 

in all things radio. This is written as the show closed and a more 
impressive show we have never seen. "Impressive" from the 
point of view of the exhibits, certainly, but more impressive be- 
cause of the tremendous interest in all things radio demonstrated 
by all sorts and conditions of people who thronged Madison 
Square Garden. Careful observation of the crowds and their 
interest indicated that while the complete sets drew much at- 
tention, the home -assembled receivers -built from kits, were 
equally interesting. This definite and lively interest in the 
home -built sets is especially important in view of the pronounce- 
ments of some knowing radio sages who aver that home building 

19 is seriously on the decline. 

22 
ACTUAL transmission and reception of "still" pictures by 

1 1 radio was demonstrated thousands of times during the 3 week of the show by Austin G. Cooley who set up a complete 
Cooley "Rayfoto" transmitter and receiver in a special booth 

26 provided through the courtesy of G. Clayton Irwin, Jr., manager 
of the show. The picture converter or transmitter was set up. 

28 connected to a small radio transmitter and through a standard 
broadcast receiver, the pictures were received with great 

30 rapidity and success before the very eyes of eager crowds. The 
simplicity and speed of the receiver astounded those who saw 

33 the demonstration, and every visitor was eager to know when 
he could build the apparatus and how soon pictures would be 

35 sent and where he could get information. Experimental picture 
transmissions from various broadcasting stations will be sent 

3'7 even before you read these words; complete information on 
how the system works, how to build and operate it appears 
exclusively in this and following issues of RADIO BROADCAST. 

39 And those who wish to receive printed matter describing 
details of the system should at once address a letter to the 

42 undersigned who will see that all information is mailed at once. 
The impressive success of the Cooley "Rayfoto' demonstration 

44 proves beyond all question that a new era has dawned for the 
home experimenter, and to be frank, we are as enthusiastic over 

46 the possibilities opened up as the keenest of experimenters. 

48 Q WORD about the authors in this issue: the anonymous 
L 1 author of the absorbing leading article is a very well -known 

50 figure in aviation and radio. Ralph Langley, who explains his 
scheme for numbering broadcast channels, is executive assistant 
to the president, Crosley Radio Corporation. He was until 
recently in charge of receiver design for the General Electric 

56 Company. Howard E. Rhodes who describes what's new in 
A -power units is one of the able technical staff of this magazine. 
James Millen, who is a consulting engineer and a native of 
Long Island, will shortly desert these parts and settle in Boston. 

I N THE next issue we shall have an important article by T. H. 
62 Nakken on the shielded grid tube indicating what such a tube 

means to American radio .There will be valuable constructional 
66 articles and a description of the technical features of well known 

manufactured receivers -information never published before. 
70 Austin Cooley will tell how to build a Cooley "Rayfoto" 

receiver -facts for which many experimenters are waiting. 
76 -WILLIS KINGSLEY WING. 
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%ten you have 
decided to use 
house current 
for your receive 

what Power Zlnit will you buy 
A battery eliminator isn't one of those things you can just look at and say it's good or bad. 
Nor can you determine its qualities with a few moments' trial. How then can you be as- 
sured of a reliable unit of lasting satisfaction? Over 700,000 satisfied users of light socket 
power units will tell you to be sure it is Raytheon approved and equipped with the 
Raytheon long life rectifying tube. 
You can identify a Raytheon type power unit by the green Seal of Approval on the front. Only 
units that have been tested and approved can use this symbolor the Raytheon gaseous typetube. 
Our Technical Service Department will be glad to answer questions or send the latest Radio 
Power Bulletin covering in detail any subject on light socket power in which you may be 
interested. 

RAYTHEON MANUFACTURING CO., Cambridge, Mass. 

Type BH ` -P 
125 m a. 300 ` Type A 

volts , 2/z Amos. 

Type BA Type R 
A.B.0 power 90 V. 60 m.a. 

350 m.a. At. THE HEART OF RELIABLE RADIO POWER 
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ONE AEROPLANE ON WHICH PROPER RADIO EQUIPMENT IS USED 

CTHE Dornier- Napier Whale of Captain F. T. Courtney, originally designed for a flight from London to the United States l and return, has a 500 -watt Marconi i.c.w. transmitter, using a 200 -foot trailing antenna, an eight -tube r.f. amplifier 
ahead of a four -tube super- heterodyne, usable on commercial wavelengths, and a Marconi Bellini -Tosi direction finding 
antenna. The all -metal construction of the ship introduced special receiving problems which had to be solved. Note in the 
lower illustration part of the receiving antenna rising over the motor nascelle. The top photograph shows the radio controls. 
A wind -driven generator supplies power for the transmitter and charges special storage batteries. In case of a forced landing, 
a 40 -foot mast can be erected, and the batteries are made to supply current to the motor generator which runs the main set. 

Few airships have been so completely equipped. 
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Wha(s the TROUBLE with 
olircraft RADIO ? 

WHO is to blame for the fact that 
radio communication is not in 
general use in flying? Is it the radio 

engineer? Or can it be shown that the fault 
lies with the airman? Why did not Lind- 
bergh and Chamberlin use radio? Who 
knows in what different manner the fatal 
flight of Nungesser and Coli might have 
ended had there been radio equipment 
aboard the White Bird? What of the Golden 
Eagle and the Miss Doran? Had these 
planes been equipped with radio would 
they have been lost? Probably not. There 
is reason to believe that even though forced 
down, so well would they have been fol- 
lowed by radio watchers on land that they 
might have been quickly found. 

Commander Byrd made good use of 
radio at times in the flight that ended just 
short of Paris. But did he, schooled in the 
Navy and certainly aware of the possibili- 
ties for its use, make the most of his radio? 
One wonders. Why, when approaching the 
French coast, was he unable to learn the 
kind of weather awaiting him at Paris? 

Hegenberger and Maitland were 
able to use their radio equipment but 
a small part of the time on their flight 
to Hawaii. Receiver trouble devel- 
oped soon after leaving the Pacific 
Coast and it was not until they were 
within eight hundred miles of their 
goal that they were able to pick up 
signals again. The preparations for 
their flight were said to have been 
most thorough. The radio must 
surely have been thoroughly tested 
before the take -off, yet it failed 
them in time of need. They had c 

. 
planned to fly the course laid down by the 
radio beacon. To do this it was necessary 
to make continuous use of the radio re- 
ceiver. Fortunately, when it failed, they 
were prepared to navigate by better -known 
means. Such was the thoroughness of Army 
Air Corps methods of preparation. 

However, there has been no excuse for 
the lack of radio equipment of some sort 
on all of the trans -oceanic flights. The dis- 
turbance created by the ignition system 
which is almost always offered as an argu- 
ment against it, is not an absolute bar to 
the use of radio. Ignition disturbance has 
no effect on the radio transmitter. Even 
a receiver could have been used to some 
extent in the presence of ignition noise. 
This is particularly true for a plane in which 
the cabin is located some little distance 
from the engine. Furthermore, the receiver 
could have been successfully used while 
passing over vessels at sea. The ship's trans- 
mitter under the circumstances of such 
short range would have pushed signals 

through the ignition disturbance at least 
sufficiently to have given information on 
weather and course. 

RADIO MUST BE USED ON LONG FLIGHTS 

IT WOULD be very interesting to know 
the reasoning which led to a decision to 

leave radio out of the plans for some of 
these flights. Undoubtedly the real reasons 
will not be given to the public. One strongly 
suspects that the lack of ability to handle 
radio on the part of the crew aboard each 
of these planes had a great deal to do with 
the matter. Of course, Lindbergh flew alone 
and could have made little use of any kind 
of radio equipment for that reason. Cham- 
berlin knew little or nothing about radio, 
and it is likely that Levine, his passenger, 
knew less, inexperienced as he was in such 
matters. There is no telling how much Coli 
or Nungesser or Captain Hamilton, the 
British pilot, knew about the use of radio 
equipment. 

None of these flights should have been 
undertaken without radio equipment, 
and a competent radio operator to 
handle it. On some of the flights one 
of the pilots acted as radio operator. 
This did not prove entirely satisfac- 
tory. Hegenberger, who flew with 
Maitland to Hawaii was fairly fa- 
miliar with radio apparatus, but when 
his receivers (there were two aboard) 
became inoperative, he was unable to 
locate the source of trouble. It is 
doubtful if his knowledge of radio 
was sufficient to have enabled him 
to diagnose trouble as a trained radio 
operator could have done. 

ANO7' YMOUS" conceals the Identity of an individual who is 
excellently qualified to write on the closely related problems of 

the airplane and radio. All we can say is that he is an expert who is 
well known in both fields. The author knows aviation -not from a 
swivel -chair vantage point, but from long flying experience and he 
knows radio from both the practical and distinctly technical angles. 
Too few radio men know anything about the problems that the aviator 
has to meet, and too few of the airplane folk know radio Certainly 
there is a middle ground on which both may meet and this article is 
the first of several which will discuss this interesting field. The increas- 
ing fatality list of those attempting stupid and pointless trans -oceanic 
flights has demonstrated to almost the whole world that long -distance 
flying must be made safer and surer by every means at our command. 
And through radio will come much of this essential surety. 

-THE EDITOR. 
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The desire to carry passengers on these 
flights has prevented a good radio operator 
being present. Miss Doran in the Pacific 
flight, and the Princess Lowenstein - 
Waltheim in the Atlantic flight of Captain 
Hamilton, and Philip Payne in Old Glory 
should have been replaced with radio 
operators, and, at least, radio receiving 
equipment. The fact that Brock and Schlee 
flew successfully to England without radio 
is no proof that radio was not needed. 
Redfern carried neither companion nor 
radio. He should not have been permitted 
to leave without both. And his companion 
should have been a good radio man. 

Thus it is seen that some of these fliers 
were unmindful of the value of radio, and 
that others were unable to make the most 
of equipment which they had chosen to 
use. 

Who is to blame that the value of radio 
has been so vastly underestimated in these 
flights? The question 
is important. Upon the 
correctness of the an- 
swer depends in a great 
measure the solution of 
one of the problems which 
at present confronts avia- 
tion. 

WHY AVIATORS DON'T LIKE 
RADIO 

THERE 
have been 

I many discussions on 
this subject between fly- 
ing folk and men interested 
in radio. These discussions 
have usually been of a 
character to which the 
terms " heated," and some- 
times "overheated," could 
justly be applied. Gener- 
ally, the debates ended 
only in disagreement. The 
pilot and the engineer have 
not been brought to the 
same way of thinking. Not 
only have they disagreed 
as to who is to blame for 
the neglect of radio, but the pilot has stren- 
uously objected times without number to 
the use of radio on his plane. 

It is, of course, true that the military 
and naval flier has on occasion done much 
with the equipment designed for him by 
the radio engineer. Very often it was only 
because that flier was a member of an 
organization, in which obedience to an 
order is almost instinctive, that he made 
real use of his equipment. Often, it is true, 
he was pleased with the results of his effort 
and so converts to the cause of radio have 
gradually been made. They are, however, 
all too few. As for the commercial fliers, 
apparently little belief in the need for radio 
exists. One never hears of radio being used 
on their planes. Not even the Air Mail com- 
panies, or our own Post Office department, 
have seen fit to equip mail planes with even 
a receiver with which to receive information 
on the weather. The Air Mail for a time 
carried out experiments with radio but no 
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practical or extensive use has yet been 
made of it. 

What has the radio engineer to say for 
himself in the face of this obvious disdain 
on the part of the flier for radio? Were he 
a psychologist it might occur to him that 
the feeling of the pilots about the matter 
might be based on something inherent 
in the flying profession, or in the flier's 
training. Could he put himself in the place 
of the average war- trained flier he would 
remember that in the exciting days of the 
war the urge to fly was the strongest thing 
in his life. It was for that reason that he 
joined the Air Service instead of going into 
some other branch of the Service. That was 
why he worked as he never had worked 
before during preliminary training days at 
ground school. His eyes were always lifted 
to the men in the air. Everything but flying 
was subordinated. Nothing appealed to him 
either at ground school or at the flying 
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a good man was "shot down" by the elusive 
da- dit-da before he ever had a chance to 
learn to fly, and was accordingly sent away 
from flying school. At the advanced flying 
school came practice with actual transmit- 
ting and receiving of signals while in the air. 
This was usually even more boring than 
the practice in the code room. Generally, 
the radio failed to function. Anyhow, who 
wanted to sit in the rear cockpit of a ship 
which was being flown by someone else 
and fiddle with knobs and dials and try to 
pick up the faint signals bravely endeavor- 
ing to penetrate the noise and roar of the 
motor and the disturbance created by the 
ignition system? 

Thus was built up all through the fliers' 
training, a genuine dislike for radio..As so 
many of the present fliers were war- trained, 
it is little to be wondered at that radio still 
has no appeal for them, and that the aver- 
age flier has but little faith in it. A man was 

generally judged by his 
ability to handle his 
"ship." I f he was clever 
with radio, providing he 
was able to fly, he was 
forgiven by his fellows. 

Experienced fliers are 
among the most conserv- 
ative of men, strange as 
that may seem. Little do 
they relish change or inno- 
vation. They have been 
flying through all kinds 
of weather and over all 
kinds of country without 
the use of radio. Why 
change now? Radio is just 
another thing to worry 
about. I t probably won't 
work anyway, and the 
receivers in the helmet 
hurt your ears and you 
can't hear your motor. 
So poor old radio goes for 
consolation to the amateur 
who has been such a good 
friend all these years. All 
of which the radio engi- 

neer has probably not realized. 

AT AN EUROPEAN AIRPORT 
Elaborate means of radio communication are required by law on passenger air routes 
in some European countries. The two radio towers at the Tempelhof, Berlin, airport, 

are clearly discernable in this aerial picture 

school to which he was later ordered, as 
strongly as the airplane and flying. Motors, 
navigation, gunnery, photography, radio - 
all had to be learned; but he learned them, 
for if they were not learned he would not 
be taught to fly. But flying was the thing - 
devil take the rest. Whom did he worship 
the most, his gunnery instructor or his 
radio instructor, or any of the other ground 
instructors? None of these. He worshipped 
the man who taught him how to fly. Usually 
his flying instructor was the biggest man 
on his horizon. His radio instructor was 
usually a non -flier, " Keewee" being the 
term contemptuously applied to any ground 
officer of the Air Service. Usually this man 
made no impression, or a poor one at the 
most. He often stood between the cadet 
and his flying goal. For all who would fly 
must, in addition to many other things, 
learn to send and receive radio signals. If 
he could not pass the speed test he could 
not fly. That was the regulation, and many 

TECHNICAL PROBLEMS IN THE PLANE 

IN ADDITION to the obstacles formed 
by the fliers' attitude, there have been 

many technical difficulties to overcome. 
Chief of these is the interference caused by 
the ignition system of the airplane engine. 
This has been a most serious obstacle and 
has not been completely overcome. It is 
true that, by completely shielding the 
ignition system, the troublesome noise can 
be reduced to a point where very satisfac- 
tory reception in an airplane is attained, but 
such shielding is difficult to install and even 
more difficult to maintain. 

How is a motor shielded to reduce this 
interference? How does the ignition system 
of a motor produce interfering noises in a 
radio receiver? 

The ignition system consists of a high - 
and low- tension side. The low- tension side 
consists of everything from the switches to 
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the low- voltage side of the magneto in mag- 
neto ignition; and everything from the bat- 
tery, including switches, generator, meters, 
voltage regulator, and distributors in the 
battery type of ignition. In the high- tension 
side we have everything from the high - 
tension side of the magneto in the first type 
of ignition, and from the distributors in the 
second type, down to the spark plugs. In 
these systems every make and break con- 
tact, as in voltage -regulator relay or dis- 
tributor, produces a disturbance each time 
the circuit is opened or closed, which should 
be regular and very frequent, otherwise 
the pilot has something much more serious 
to worry about than the QRM from his 
ignition. The spark plug has not been men- 
tioned in detail yet. Usually there are two of 
these little short -wave transmitters in each 
cylinder of the motor. The average air- 
plane engine runs at speeds of from 1400 
to i800 revolutions per minute. This means 
that in an eight -cylinder, four -stroke -cycle 
engine, equipped with but one spark plug 
per cylinder, there will be at i 500 r.p.m., 
six thousand sparks per minute, or one 
hundred sparks per second. This produces 
a noise in a radio receiver which resembles 
the noise produced by a stream of shot on 
a loose tin roof. Oscillograms of this QRM 

indicate that part of the noise is due to 
induction, just as the "click" heard in 
a receiver when an electric light switch 
nearby is opened or closed, is caused by the 
change in current. The rest of the noise is 
produced by the oscillating spark in the 
gap in the spark plug itself. This is a true 
electro-magnetic disturbance of a definite 
wavelength. Apparently, then, it should be 
easy to reduce this interference by means of 
a short -wave trap; and so it should, but due 
to the difference in the constants of these 
small oscillating systems, the use of wave 
traps has not proved very satisfactory. Up 
to thepresent time the most satisfactory 
method of freeing the receiver of this an- 
noying disturbance is by shielding the 
whole ignition system. 

Completely shielding the ignition system 
requires that every wire and electric device 
about the whole plane which carries current 
be covered with an electric shield. This is 
usually a braided copper sleeve, slipped 
over the wire, or a metal container for such 
devices as regulators, distributors, and 
switches. This shield must be connected to 
the ground of the plane. The ground of an 
airplane consists of all the metallic parts, 
such as the motor, brace wires, cables 
and fittings. If you have a few inches of 
frayed shielding it will cause all the noise to 
come right back to the receiver. Shielding 
produces a hazard, the danger of which 
may be readily realized. If there is faulty 
insulation anywhere in the system, the 
vital ignition current will jump through to 
the ground and out goes part or all of the 
ignition, depending upon where the break 
occurs, and, it is needless to say, down 
comes the plane, to make as safe a landing 
as the pilot can. I t would appear that the 
solution of this problem is to use nothing 
but the best of insulation. This is more diffi- 

cult than it sounds. When a high- tension 
lead is shielded a corona discharge takes 
place through the insulation to the 
grounded shield. The corona produces a 
chemical change in insulation and it no 
longer insulates, the engine ceases to 
"percolate," and the aviator to "aviate." 

Now, the pilot knows all this and his 
feeling for radio has increased in warmth, 
but not in a direction the radio engineer 
would like to see. The old feud still exists. 
The pilot says the engineer loads his plane 
with hazardous equipment, and the en- 
gineer says the pilot is too fussy about what 
happens to him. 

THE FUTURE -WORK FOR ALL 

AND so it stands, until the necessity 
for radio communication between the 

air and the ground is made apparent to all 
concerned with flying. That this necessity 
exists there is no doubt in the minds of 
many besides the radio engineer, but now 
the demand for radio is insufficient to in- 
duce very much research on these problems. 

Such problems can be and are, of course, 
being worked on in laboratories. However, 
there is a definite limit to what can be done 
in a laboratory on the ground. The condi- 
tions existing in a plane -the vibration, 
the noise of wind and motor and ignition, 
cannot be adequately reproduced in a 
laboratory; nor can engineers conceive of 
the conditions except by repeatedly ex- 
periencing them in test flights. What I am 
driving at is this. There should be a labora- 
tory in which the ground and air work is 
connected and closely related. The engineer 
should be placed in a position not only to 
see the problem as the flier sees it, but both 
flier and engineer should be encouraged to 
work together. Confidence in the ability 
and work of the engineer will then come to 
the flier. Better radio sets will be built, 
and let us hope that they will be built as a 
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part of the plane and not tacked on -an 
afterthought. Airplane designers will make 
provisions for these sets and the power re- 
quired to operate them. Then, and then 
only, will pilots want radio, and make good 
use of what they get. 

Before passenger carrying air lines are 
permitted to operate either in this country 
or on trans -oceanic flights, this matter of 
radio should be included in the regulations 
covering the safety and inspection of the 
planes. The Department of Commerce 
should make regulations to fit the needs of 
the moment. Because commercial aviation 
is in its growing stage, the regulations 
should be fairly elastic. But before passen- 
gers are permitted to risk their lives, regula- 
tions regarding suitable radio equipment 
and personnel to operate it should be laid 
down. These should cover all long flights, 
whether over water or land. By long flights 
is meant anything over 50o miles. 

The radio beacon has had but a very 
short test outside of the Air Corps ex- 
perimental tests. But it is apparent even 
on such short trial that regular flights over 
long distances of water should not be 
thought of without contemplating the use 
of such a beacon. For regular passenger 
routes over land, the beacon should be de- 
pended upon at least for night flying. How- 
ever, the story of this beacon and its possi- 
bilities is too long to include here. 

As in so many other things, practice and 
test are essential to development, and this 
is no less true of radio on aircraft. The more 
use made of it the more experience gained. 
Radio has a very definite and important 
place in aviation, and it is only to be re- 
gretted that use has not been made of it on 
all transatlantic and transpacific flights. 
It is likely that the unsuccessful flights 
would not have had so tragic an ending, 
had radio played the part that it must come 
to play in the future of aviation. 

WHEN RADIO WAS NO MORE THAN A DREAM 

King Edward VII receives a lesson in aeronautics at the hands of Wilbur Wright. Planes of ten years 
hence, equipped with powerful radio transmitters and receivers, will probably be as much in advance 
of present day design as are the planes of to-day as compared to this fragile looking craft of Wright's 



ANIllAN-CEMETAZION=OMMEN "1" PADIO l 
What is the Matter With Radio Advertising? 

FRUM time to time, trade associa- 
tions and better business bureaus 
formulate codes of ethics for the 

guidance of writers of radio advertisements. 
These codes aim to curb exaggerated claims 
as to long distance reception, quality of 
tone and other excesses so freely used in 
radio announcements. 

The beautifully worded hyperboles, char- 
acterizing modern advertising, have re- 
ceived such spirited attacks recently, that 
we may look forward to saner and more 
informative advertising copy. So great is 
public interest that a book on this subject, 
Your Money's Worth, is threatening to 
become a best seller. Radio advertising 
receives its share of scathing criticism from 
these authors who leave no one unscathed. 

Imagination -at least -is lacking when 
an entire industry depends upon a few 
standardized general appeals to sell its 
products to the public. If the advertising is 
to be believed, all receiving sets possess 
unbelievable selectivity, marvelous sensi- 
tiveness and magnificent tone quality, re- 
gardless of price. Rarely does any enlighten- 
ing information appear in a radio advertise- 
ment by which a prospective purchaser may 
judge the superiority of one receiver over 
another. Magical phrases are concocted, 
playing upon the ignorance of the non- 
technical, to suggest fancied engineering 
superiority. The uninitiate must be 
guided by such medicine -man hokum 
as "utilizing the new intra- paralytic 
principle of interference submer- 
gence," "delightful tone quality ob- 
tained with the mastertonic sliding 
trombone transformers," or "securing 
magical selectivity by the matched 
prismatic quartz inductances." 

Aside from such senseless and 
meaningless technical appeals, most 
radio advertising confines itself to 
generalized boasts. The same charge 
may be made not only against the 
advertising of radio sets, but that of 
automobiles, iceless refrigerators, and 
any mechanical or electrical product. 
The readers of RADIO BROADCAST 

frequently demand that some com- 
parative technical tests be made to 
form a basis of judging the relative 
qualities of sets. 

We have given considerable 
thought to this problem and we 
would unhesitatingly publish com- 
parative information, could we dis- 
cover a method of making compara- 
tive tests which would not involve 
the human element and which would 
be a real test of merit, taking into 

Lonsideration all of the factors which con- 
tribute to the desirability of a radio re- 
ceiver. 

Take, for example, the factor of gain in 
the radio -frequency amplifier. We may im- 
press a standard modulated signal from an 
oscillator upon a receiver and measure the 
resultant fluctuations in plate current of 
the detector circuit, thus giving an evalua- 
tion in the over -all gain of the radio -fre- 
quency amplifier. We may also obtain a 
selectivity curve for each receiver which 
gives a fair index to that quality. Further- 
more, given an adjustable audio frequency 
oscillator, with which to modulate the in- 
coming test signal, we can determine with 
a fair degree of accuracy the tonal range 
and characteristics of the audio frequency 
amplifier. These three tests would give an 
index to the three major qualities of a re- 
ceiving set, namely its sensitiveness, selec- 
tivity and fidelity. 

Unfortunately. carrying out such tests is 
far from simple. Most receivers have a gain 
control in the radio -frequency amplifier 
system which greatly complicates labora- 
tory tests as a means of comparing receiving 
sets. Testing a five -tube receiver, the gain 
might well be adjusted as high as possible, 
so that it would show maximum amplifica- 
tion per stage. However, when so adjusted, 
it is likely to show more than normal dis- 

tortion in its audio- frequency amplifier. 
On the other hand, more conservative ad- 
justment of the radio frequency gain would 
handicap its sensitivity rating, although it 
might improve its showing with respect to 
tone quality. Five engineers could test a 
number of receivers and secure entirely 
different results. 

If a sufficient number of test conditions 
are fixed so that the element of adjustment 
would be minimized, some receiving sets 
would be unduly handicapped by the test 
conditions in one respect or another. Con- 
sequently, laboratory comparisons, with 
the test methods we now have available, 
do not, for the present at least, seem to 
offer a means of supplanting generalities in 
'radio advertising. But we may look forward 
to developments in this direction, as our 
experience with laboratory measurements 
of sets increases. 

Another possible method of making ad- 
vertising copy more informative is to give 
a few outstanding facts regarding a re- 
ceiver, such as number of tubes, number of 
controls, and other specifications. But the 
number of tubes in a receiver is hardly a 
guide to its efficiency. There are ten -tube 
receivers which give no better results than 
other six -tube sets. The writer, for instance, 
has a four -tube receiving set with a 210 
tube in the output, which he would confi- 

dently enter in any contest for sensi- 
tiveness, selectivity and tone quality. 
But, as a commercial product, it is 
practically useless. It takes an ex- 
pert to tune the set and the filters, 
chokes and by -pass condensers, which 
are a part of it, would not fit into two 
set cabinets of normal dimensions. 
So the listing of specifications is 
hardly a panacea for indefiniteness 
in radio advertising. 

What remains to assist the honest 
advertiser in preparing truly inform- 
ative copy? If we rule out bunk, 
generalities and specifications, of 
what may the set manufacturer speak 
without being frowned upon? Only 
three general points suggest them- 
selves- outward appearance, price, 
and reputation, the same factors 
which the automobile industry has 
found successful as selling appeals. 

Another possibility is to consider 
some one, simple, technical detail 
-the thickness of shielding, the 
strength and rigidity of the chassis, 
or the accuracy with which tuning 
circuits are matched -as an indica- 
tion of the skill and care displayed 
throughout the whole receiver. Such 

SENATORE MARCONI TESTING BEAM TRANSMISSION 
The inter -continental beam transmitters of the Marconi Com- 
pany, now in operation, resulted from a long series of tests. This 
illustration shows Senatore Marconi testing a short -wave trans- 
mitter from a boat on a lake at Livorno, Italy, in 1916 
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a policy has advantages, being informative, 
specific, interesting, and, above all, based 
on facts instead of on generalities. 

Prestige and reputation are the product 
of years of successful manufacture, and, 
consequently, production figures and value 
of sets sold by a manufacturer are a founda- 
tion of fact by which an old established 
manufacturer may distinguish himself from 
others. 

A method, which has been successful in 
other fields, is to "sell" the engineer who 
designs the product. Certain companies 
have engineering and research staffs of 
acknowledged competence and reputation, 
whose designs are worthy of great public 
confidence. 

A thorough and detailed study of the 
radio receiver and those who build it, on 
the part of the advertising copy writer, is 
the best preparation for writing advertising 
which features facts rather than fancy. 

Action from the Radio Commission 

THE Federal Radio Commission has 
begun suit against station KWKH, 
which it charges with the misdeed of 

using three times the power permitted by 
its license, for forty successive days. As a 
result, KWKH is liable to fines aggregating 
$20,000 at the rate of $500 a violation. 
If the Commission has a good case and wins 
out in the courts, it will certainly gain wide 
respect. The numerous violations of the 
Commission's regulation as to maintenance 
of assigned frequencies are likewise subject 
to fines of five hundred dollars a day. 
Certain stations frequently wander as much 
as ten kilocycles from their channels. The 
former wsoM, for example, was found at 
different times, within eight days, 24.8, 
23.9, 12.5 and 16.1 kc. from its assigned 
channel. 

The Commission, in a public statement, 

threatened to eliminate about twenty -five 
of the most flagrant wavelength wobblers 
but, as usual, grew softhearted in the end 
and gave them additional grace. Hetero- 
dyning is far too widespread to make listen- 
ing to any but relatively nearby stations 
any very great pleasure. 

The Commission's claim, however, that 
practically all heterodyning is due to fre- 
quency wobbling is not entirely founded on 
fact. There are altogether too many assign- 
ments of stations to the same frequency 
whose carrier waves are bound to create 
interference. The clearest broadcasting 
channels as a matter of fact, are at this 
time the higher frequencies between 1250 
and 1500 kc. On these frequencies, we find 
mostly low- powered stations which do not 
interfere with each other. 

The numerous hearings held in Washing- 
ton, upon demand of some of the stations 
now assigned to these superior channels, 
are based on the fallacious superstition that 
the lower frequencies are the most desirable. 
.At one time, when the lower frequencies 
were reserved for the better stations, while 
as many as twenty and thirty low- and 
medium -powered stations were huddled on 
the lower end of the broadcast band, the 
ambition to leave the higher frequencies 
was justified. Although conditions have 
changed, prejudice against the higher fre- 
quencies persists. 

Mr. May, seeking a lower frequency 
for his advertising station, KMA, for exam- 
ple, testified before the Commission that 
it was a well known fact among radio en- 
gineers that the channels below 35o meters 
were "practically no good for broadcasting 
purposes," although, as an expert brought 
out, KDKA, KOA, wBBM, woK, and numerous 
other stations, occupying these allegedly 
unsatisfactory frequencies, have built up 
nationwide audiences. 

The claim that stations do not " get out" 

TESTING " BEAM" 
Senatore Marconi's principal assistant in the development of the short- 
wave "beam" is C. S. Franklin who is here shown on the lake at Livorno, 
Italy, testing a short -wave receiver with transmissions from the parabolic 
reflector shown in the accompanying photograph. (Right) The "beam" 
system of short -wave communication has already satisfactorily linked 

on the very high frequencies is made be- 
cause the public is not accustomed to look- 
ing for its programs on these channels. 
There are too few worthwhile stations 
using them. Why not assign a few really 
good stations to the higher frequencies, so 
as to distribute the public's attention 
throughout the broadcast band? 

Prospects for Patent Pooling 

THE Radio Manufacturers' Associa- 
tion is looking into the matter of 
patent pooling and seeking to in- 

augurate a system of cross -licensing in the 
same manner that the automobile industry 
accomplished this through the National 
Automobile Chamber of Commerce. There 
is one great difference, however, in the 
radio situation and that lies in the fact that 
a single group has already concentrated 
most of the patents in its own hands and 
consequently no one has much to offer it 
for bargaining purposes. 

We learn of the formation of a Radio 
Protective Association in Chicago with the 
object of battling against "radio monop- 
oly" which, say the sponsors for the new 
organization, "will be taken to Congress, 
to the Department of Justice and to the 
Courts." 

No matter how much outsiders may pro- 
test, there is no question about the fact 
that the Radio Corporation of America 
has in its hands most of the essential pa- 
tents to the manufacture of the radio 
receiver and it is not at the mercy of any 
outside group. A patent is an entirely legal 
monopoly created by legislation in accord- 
ance with provisions in the Constitution 
of the United States. Furthermore, the 
Radio Corporation is extending licenses to 
competing companies on what appears to 
be a fair basis. A rather large minimum 
royalty guarantee is required of the set 

TRANSMISSION IN 1916 
England with Canada, India, Australia and South America, and the 
New York -London link will shortly be opened. C. S. Franklin, Senatore 
Marconi's chief research engineer, famed for his work in developing the - 
"beam" method is shown here operating the beam transmitter with its 
parabolic reflector from the shore of the lake at Livorno 
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maker; said to be $loo,000 a year, which 
effectively throttles the small producer. 
Under the patent law, a patent holder has 
full rights to deny the issuance of licenses 
to anyone he chooses and, therefore, unless 
the legal attitude of the patent law is 
completely reversed, the R.C.A. is entirely 
within its rights. 

The object of the patent law is to assure 
that inventors are encouraged and properly 
rewarded. Times have changed and inven- 
tion is much less a product of individual 
genius than it is the marshalling of many 
minds, research facilities and laboratory 
experience. The reward, instead of going 
to individual inventors and their backers, 
now goes to large corporations which make 
it possible for the complex invention of this 
day to be made. 

The major purpose of the patent is thus 
fulfilled, both under modern conditions 
and under those which obtained in 
the past. We may add a new inter- 
pretation in that the patent mo- 
nopoly shall not be used in restraint 
of competition and compel patent 
holders to extend licenses to all those 
willing to pay just license fees. This 
plan is followed in Canada. But such 
a course in this country would be a 
new situation, a reversal of prece- 
dents. It would require new legisla- 
tion. A possible and, indeed, probable 
solution of the present radio situation 
is that the Radio Corporation will 
extend licenses to smaller concerns on 
a smaller minimum guarantee, but 
upon a higher percentage of royalties 
than it extends to those guaranteeing 
$100,000 a year. 

The radio industry is suffering from 
the existence of too many incompe- 
tent small manufacturers which are 
bound, in time, to be eliminated by 
natural economic processes. Hasten- 
ing their passing by patent pressure 
is a painful but effective method 
which, however, reacts unfavorably 
against those exerting it. But, what- 
ever the considerations animating 
the policy, the legality of the R. C. A.'s 
present patent course does not appear to 
be open to question. 

RADIO BROADCAST 

not specially circulated by the stations 
themselves or by farm papers, indicate the 
wholehearted public condemnation of di- 
rect advertising by radio. RADIO BROAD - 
cAsT's questionnaire, in which io,886 ex- 
pressions of approval and disapproval were 
made, found KFNF the most unpopular 
broadcasting station in the country, 18.8 
per cent. of the audience demanding its 
removal. Considering the fact that those 
who answered this questionnaire were dis- 
tributed all over the United States, this 
seems to represent about ioo per cent. of 
the listeners within the annoyance range of 
this station. wjAz won the disapproval of 
15 per cent. of the listeners, most of this 
vote being a spite vote because wJAz upset 
the Radio Act of 1912, rather than because 
of present day program unpopularity; while 
KMA came out third with condemnation 
from 13 per cent. of those answering. 
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the excellent progress made in building up 
technical knowledge through the work of 
the Institute of Radio Engineers and de- 
scribes what is being done in the way of 
standardizing symbols and terms and 
measurements. Mr. Langley says: 

No branch of engineering can become an exact 
science, until its methods of measurement have 
been developed and standardized. But the pro- 
gress which radio science has made in this 
respect during the past three years is remark- 
able and gratifying. It is now possible to pre- 
dict with reasonable accuracy the field strength 
which will be delivered at any receiving point 
by any transmitter. The characteristics of the 
transmitted wave are accurately measurable. 
The field strength necessary to produce a 
given output voltage on any receiver can be 
determined from the measured characteristics 
of the receiver and of the antenna. The ability 
of the receiver to exclude undesired signals 
and its acoustic performance, as well as that of 

the loud speaker, are also subject to pre- 
cise measurement. Transmitters have been 
metered and their characteristics known 
for many years. Thus every part of the 
broadcast mechanism has yielded to pre- 
cise determination. 

SIGNORA MARCONI 
The illustration shows the wife of the noted Italian with the 
radio receiver fitted up for her use in their palace in Rome. 
Signora Marconi was formerly the Countess Maria Cristina 

Bezzi Scali 

Is Direct Advertising a Service? 

ANUMBER of the direct advertising 
stations have appeared before the 
Commission, claiming great losses 

of audience and service range because of 
their high frequency assignments. Mr. 
May, speaking for KMA, recently spent 
three and a half hours on the stand, a 
record for a single witness before the Corn- 
mission to date, to prove himself the most 
popular announcer in the United States 
and his station the greatest service to hu- 
manity of any station in the corn belt. 
450,000 people wrote him during the first 
seven months of the year, a larger number 
than practically any but one or two key 
chain stations can claim. 

On the other hand. every questionnaire, 

However, 450,00o people do not write 
a station for nothing. There is no question 
but that there is a field for the local broad - 
casting station in the service of the small local 
merchant. The public, however, resents be- 
ing-sold harness, glue, tires, and laundry ser- 
vice in the guise of entertainment. The mail 
order buyer in the rural district is about the 
only group which responds. Evidently, in 
spite of the harsh dislike which we have of 
the direct advertising stations, we must con- 
fess that they have an audience and, as such, 
deserve consideration, but only in propor- 
tion to the importance of that audience. 

Radio Engineering To -day 
RALPH H. LANGLEY of the Crosley 

Company writes us at some length 
in comment on D. A. Johnson's 

criticism of radio engineers, which we 
headed, some months ago, "There Are no 
Radio Engineers." Mr. Langley points out 

As a mushroom and a boom in- 
dustry, radio was certainly unscien- 
tific. But progress has been made. 
An inspection of the twenty leading 
manufacturers' plants would quickly 
convince Mr. Johnson that the design 
and manufacture of the radio product 
is a precision task of the highest order, 
performed to the most rigid standards. 

News of the Patent Field 

ARECENT licensee under Radio Cor- 
poration patents, and probably the 

most important from the standpoint of 
royalties to be paid, is the Atwater Kent 
Manufacturing Company. This brings the 
total number of licensees to twenty- three, 
including some of the principal manu- 
facturers of the industry. Within the pale 
are a number of companies who must 
produce considerably more sets and 
do a much larger share of the total radio 
business this year than last if they are 

to earn their royalty guarantee. On the other 
hand, there are still one or two large manufactur- 
ers outside the pale who have not yet indicated 
any intention or desire to obtain a license. No one 
knows yet just what their course will be. One 
possibility is an attempt to build receiving sets 
completely evading infringement of Radio Cor- 
poration patents. There are engineers who con- 
tend that this is not impossible, although really 
more than this result must be achieved. The sets 
must not only avoid patent difficulties, but must 
be as inexpensive to manufacture and as efficient 
so .far as results are concerned as receiving sets 
made under Radio Corporation licenses. That 
is no small problem. i i i Heins and Bolet ac- 
cepted a consent decree in a case brought by the 
Westinghouse Company undep Armstrong, 
Fessenden and Vreeland patents. iii The de- 
cree against the Claremont Machine Company, 
secured by the C. F. Mueller Company, for a 

machine for folding noodles was sustained. i i 
A decision rendered in the U. S. Circuit Court at 
Philadelphia upheld the Lektophone patent 
1,271,529, declaring that Lumière's invention 
does not anticipate Hopkins and that the de- 



NOVEMBER, 1927 BRIEF RADIO NEWS AND COMMENT 

fendants' device, employing a flexible rubber 
liaison member, held in place by a rigid frame 
Ind covered by an ornamental hood, is an in- 
fringing device. iii The following sets are.now 
licensed under R. C. A. patents: Zenith, Splitdorf, 
Stromberg- Carlson, Bosch,Crosley, All-American, 
Freed -Eisemann, Howard, King, Fada, Federal, 
Murdock, Freshman, Amrad, Steinite, Gilfillan, 
Day -Fan, Bremer -Tully, Atwater Kent, Federal - 
Brandes, A. H. Grebe, Pfansteihl and United 
States Electric (Apex, Case, Slagle, Workrite, 
and Sentinel). 

The Month In Radio 

THE evolution of marine radio communica- 
tion was recently described by T. M. 
Stevens, General Superintendent of the 

Marine Department of the R. C. A. Broadcast- 
ing considerably hastened the adoption of a 
continuous wave transmission on a new series of 
channels, greatly mitigating interference with 
broadcasting. In 1922, there were twelve spark 
stations, using principally the waves of 450 and 
boo meters, along the coast from Cape May to 
Bar Harbor. Both on account of congestion and 
because of the protests of broadcast listeners, 
seven of these twenty spark stations are now 
closed down and the remainder have been re- 
placed by more efficient vacuum tube transmit- 
ters. Three hundred ship spark transmitters have 
also been converted into modified tube transmit- 
ters so that they no longer interfere with broad- 
casting programs. 

A few small independent companies are still 
compelled to use spark transmitters, while many 
foreign ships with spark transmitters are still 
working in a manner to interfere with broadcast 
listening. It is understood that the independent 
radio companies, operating spark stations, are 
experiencing difficulty in obtaining properly 
licensed vacuum tube transmitting equipment. 
The foreign ship interference will probably be 
tackled by the International Conference at 
Washington. Under the circumstances, spark in- 
terference with radio programs is likely to be a 
thing of the past within two or three years, and, 
possibly sixty to eighty per cent. of the inter- 
ference is already eliminated. i i i Things have 
changed for ship operators since the writer 
pounded the key some twelve years ago. In those 
days, the emolument was sixteen dollars a month 
and now it averages a hundred. Considering that 
the work is generally pleasant and practically 
all expenses are paid, the radio operator's lot is 
one to be envied, when compared with that of 
the clerk with his dull routine and the artisan 
with his arduous and confining tasks. The radio 
operator's principal complaint, as we have 
gathered from interviewing a few, is that once 
senior operator on a desirable ship, contact with 
superiors is so limited that the opportunities for 
advancement are practically nil. Nevertheless, 
most of the executives of commercial radio com- 
panies were once "brass pounders." There is no 
employment more romantic, responsible and 
broadening than that of radio operating for the 
young enthusiast, seeking a career of adventure 
and promise. i i i The listeners of KFWO, an 
efficient little 250 -watter at Avalon, owned by 
Lawrence Mott of short -wave fame, have been 
receiving play -by -play reports of the games 
played in Chicago by the Cubs. Why this station 
should go so far afield to present its listeners with 
this feature is explained by the fact that Mr. 
William Wrigley, Jr., is so interested in the doings 
of the Cubs that, while he summered at Catalina, 
play -by -play reports were sent him by telegraph. 

Mr. Mott suggested to Mr. Wrigley that these 
play -by -play reports be diverted to KFWO and 
then broadcast. Colonel Green has a rival! 
The Egyptian government plans to erect a 
broadcasting station. There are already three 
thousand sets in operation which, to receive the 
principal European programs, must be highly 
sensitive. Eighty -five per cent. of the population 
of Egypt lives within 15o miles of Cairo and 
hence a single station can greatly stimulate a 
market which American manufacturers may do 
their share in supplying. i i i Any listeners, hear- 
ing broadcasting station soL, have been victims 
of a slight error which is excusable, due to the 
distance involved. They are doubtless hearing 
station xoL, operated by the Tientsin Govern- 
ment in China. Its power is 500 watts and it 
uses a wavelength of 48o meters. A special license 
is required from the Chinese government to act 
as an importer of radio sets and one American 
Company has taken advantage of this privilege 
by conforming with the regulation. if A beam 
station, another link in the Marconi worldwide 
service, has recently been opened for commercial 
use at Johannesburg, South Africa. iii WLw, 
using its short wavelength, supplied an Austral- 
asian program recently, enjoyed by listeners of 
2 FC, Sydney, Australia, and 1 vz, Auckland, 
New Zealand. America is the largest exporter 
of broadcasting programs in the world. 
The interference problems of Australia are caus- 
ing distressing controversy. A new 15 -kw. broad- 
caster is to open at Wellington on 42o meters. 
What worries the Australians is if Sydney on 44o 
and Adelaide on 400 meters will not suffer serious 
interference. Cautious fellows these Australians! 

JoAK, Tokio, already frequently heard on 
the Pacific Coast on its thousand watts, is to go 
on 40,000 watts, which should certainly bring 
it within range of a good part of the United 
States during early morning, midwinter hours. 
It won't be long now before a few American 
broadcasters will have to close down because of 
foreign interference. i i i There are 206,334 
listeners in Australia, duly licensed and paying 
license fees. i i i The British Broadcasting 
Corporation issued a statement recently that it 
had discovered the advantages of rating stations 
in terms of kilocycles rather than meters. The 
advantages of the kilocycle rating have become 
obvious to the American listener and have been 
used in this magazine since August, 1925. In 
talking to the members of the Federal Radio 
Commission, we have been pleased to notice 
that, though at the first the word "wavelength" 
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was rather frequently in the conversation, it 
did not take long for the Commission to adopt 
"frequency" as the only practical term to desig- 
nate the radiation of a broadcasting station. 

WHO REPRESENTS THE LISTENER? 

OUR editorial some months ago, entitled 
"Where Are the Listeners' Organizations ?" 

has brought forward a good deal of correspond- 
ence from ambitious would -be executive secre- 
taries, disillusioned leaders who have attempted 
to form local organizations and readers request- 
ing RADIO BROADcAST to sponsor such an organ- 
ization. A number have expressed the opinion 
that listener organizations would be more of a 
nuisance than an aid to broadcasting. W. W. 
Waltz, for example, writes that, although in his 
area wjz, WEAF, WGY and KDKA are the obvious 
program leaders, there is a certain advertising 
station which any Philadelphia listener will re- 
cognize, "whose sole idea is to sell every ampere 
that can be forced off of their antenna. There is 
no use in trying to describe the junk they broad- 
cast. Everything from near -dirty stories to 
grand opera selections by the most horrible or- 
chestras in existence. One complaint after an- 
other has been made, officially and otherwise, in 
regard to the manner of operation of this station. 
Their equipment is modern, but it is adjusted 
to give a wave like a spark set. And believe it or 
not -is the most popular station in the city!" 
The conclusion to be drawn is that no organiza- 
tion can be truly representative of listener tastes. 

HOW LONG, OH LORD, HOW LONG? 

WE TAKE a special delight in reminding the 
authors of publicity statements boasting 

of revolutionary inventions, of the prior discov- 
ery and origin of these same inventions. in the 
hope that more care and conservatism may be 
displayed, as time goes on, by the publicity ro- 
mance writers. We note that Mr. C. Francis 
Jenkins, who has spent many years in research in 
telephotography, announces the development of 
radio guiding channels to keep, aviators on a 
definite course and of a receiving set giving visual 
indication of deviation from the guiding course. 
The former has already been widely used exper- 
imentally, especially by the Navy Department, 
and is a well known invention. The visual indica- 
tor is not so widely used, although its develop- 
ment in direction -finding apparatus was recorded 
in these columns several months ago. About 
twenty -five ships on the Great Lakes are already 
equipped with the visual direction indicator. 

FADING TESTS AT MELBOURNE, AUSTRALIA 
Station 3 Lo at Melbourne has made a gift to the University of Melbourne for research on the causes 
of radio fading. R. O. Cherry, working under Professor Laby of the University, is here seen calibrating 

the portable receiver for measuring signal intensities. The set is carried in an automobile 



METERS, KILOCYCLES, OR 66CHANNE]L NUMBERS"? 
By RALPH H. LANGLEY 

ONE of the most practical and interesting sug- 
gestions lending to simplification of radio 

as far as the non-technical user of radio re- 
ceivers is concerned is that of Mr. Langley, which 
he so interestingly discusses in ibis article. The 
use of radio receivers will become more and 
more widespread as the receiver becomes more 
simple to operate. Great strides in this direction 
have been made, what with single -control operation 
and direct light- socket powering of sets. But still, 
thousands of listeners who don't even know the 
difference between alternating and direct cur- 
rent, try to solve the dual mysteries of wavelengths 
and kilocycles which confront them in their local 
newspaper radio programs and on the dials of their 
receiving sets. Mr. Langley rightly asks, why should 
they bother with this wavelength- kilocycle terminol- 
ogy? Frequency calculations in kilocycles -or 
meters if you belong to that school -are important 
and necessary for the engineer and the technician, 
but the listener has no earthly concern for them. 

A committee of the National Electrical Manu- 
facturers' Association bas been appointed to con- 
sider Mr. Langley's suggestion and to take appro- 
priate action. That committee consists of R. H. 
Langley, chairman: L. W. Chubb, George Lewis, 
M. C. Rypinski, J. M. Skinner, R. H. Manson, 
and A. E. Waller. -THE EDITOR. 

I'RHAPS there is no such thing as "the aver- 
age broadcast listener." But millions of them 
come prettyclose to the average, and I wonder 

just what they think when they hear the announcer 
say that he is broadcasting "on a frequency of twelve 
hundred and sixty kilocycles. " In all but a very few 
cases, I venture to say that their thoughts have 
nothing to do with the meaning of these words. Last 
year it was a "wavelength of two hundred and 
ninety one and one tenth meters" and that was even 350 - 
worse. Why so many numbers and so many strange 
words? 

Wavelength in meters, and frequency in kilocycles; 
related to each other by some mathematical law, and 
yet not related to anything the man in the street has 
ever heard of. Even the radio engineer must resort 
to a tabulation or a slide rule to translate one into 
the other, and yet each and every broadcast listener 
is expected to use them when he wants to hear his 
favorite stations. The newspapers print them, and 
you are expected to know, or somehow to find out, 
where they all come on the dials of your receiver. 

The change from "wavelength" to "frequency" 
was, of course, a very logical one. It can easily be 
demonstrated that the current in your receiver or 
in the distant transmitter has a frequency. The wave 
out in space is the thing that has a wavelength (as 
well as a frequency). Primarily we are not interested 
in the wavelength out in space -but the currents in 
the receiver -which the listener can hear. Then 
again, the wavelength listings were irregular and had 
to be given with at least four figures and a decimal 
point. The frequencies are given in three or four 
figures, and the last one is always a zero, because 
the frequencies are spaced in multiples of ten. But 
they start at 550 and stop at 1500, and the system 
is still far from being simple for Mr. Average Listener to 
understand. 

Some manufacturers have tried to put these strange numbers 
on the dial of the receiver when it was built. Then if you knew 
and could remember the wavelength or the frequency of the 
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station you wanted to get, you could 
set the receiver to that point, and there 
was the station. There were a lot of me- 
chanical difficulties in doing this, but 
more than anything else, it was the com- 
plexity of the numbers themselves that 
kept the conventional "zero to one hun- 
dred" dial on the sets. Here, of course, is 
another set of numbers, that must be read 
from a dial and related to the wavelength or 
the frequency or the call letters of the sta- 
tions. It is no secret that the average lis- 
tener does not know towhom he is listening, 
or how to find a particular station, except 
in the case of a very few that are near to 
him. The others are too hard to find, and 
many that he could hear and hear well, he 
does not bother with. 

It would be possible to record the loca- 
tions of our homes and places of business 
by their latitude and longitude. Your home 
address, for example might be given as 
" north 43° 28' 37.42 ", east 76° 18' 58.13" " 
That would be just about as easy and just 
about as logical and just about as technic- 
ally correct as wavelength in meters or 
frequency in kilocycles for a broadcasting 

station. But our houses and our offices are con- 
veniently numbered and so are our telephones. Why 
not, then, use plain simple numbers for the broad- 
cast frequencies and wavelengths? 

"This is station xvz on Channel 16." When you 
want station xvz again, you will turn to the number 
16 on the dial. There will be numbers on the dial 
running from 1 to 96, representing the 96 broadcast 
channels. You will soon remember the fact that your 
favorite stations are at 16, 23, 38, 67, and 84. If 
you notice in the paper that station PQR, on channel 

53, is giving an unusually good program, there will 
be no difficulty about finding it. And the numbers 
will be the same on all receivers. When you trade in 
the old set, or when you go over to John's house, 
you will not be at a loss to know where to find the 
stations. 

A DIAL WITH NINETY -SIX NUMBERS 

IT WILL be more desirable, of course, to arrange 
a dial with these simple numbers, than it is to 

:ZOO make one that reads in frequencies from 55o to 1500, 
or in wavelengths from 199.9 to 545.1 with tenths 
on every one of the 96 of them. And there will not 

1300 be any unnecessary "meters" or "kilocycles" tied 
to them. They will just be plain numbers like the 
one on your front door. You can have a table showing 
the wavelengths and frequencies corresponding to 

1400 the channel numbers if you want it; the newspapers 
and the magazines will print them. But the average 
listener will not want any such list; he will have no 

1500 use for it. 
Some day the range of frequencies allotted to 

broadcasting may be increased. When this is done, 
it is almost certain to be in the direction of the 
short waves. Then our series of 96 numbers will 

have to be continued, from 96 up. By starting the number series 
at the long -wave or low- frequency end, we shall leave room 
for expansion into the short waves, and we shall also have the 
smaller numbers for those channels now assigned to the larger 
and more widely known stations. 



AVERAGE CITIZEN 

IT IS an erroneous impression that to possess a modern radio receiver combining 
both artistic merit and fidelity of reproduction one must spend an inordinate 

amount of money. The fact is that set makers have produced electrically good re- 
ceivers and housed then in cabinets that will grace any home -and all at a genuinely 
moderate price. This and the following pages show attractive moderate -priced re- 
ceivers ranging in cost from $175 to less than $100. The inspiration for the Bosch 76 
receiver shown above is Gothic and it is evident how effectively it may be combined 
with the furnishings of many a living room. This six -tube RFL circuit receiver uses 
either a loop or antenna and has an interesting volume control and vernier tuning 

adjustment. Its price is $175 
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TILE "MILAN" 
A cone loud speaker is supplied with 
this Apex receiver, the price for chassis, 
cabinet, and loud speaker, being only 
$135.00. The circuit comprises six 
tubes, the audio amplifier employing 
impedance coupling, which is respon- 
sible for excellent quality of reproduc- 
tion, The set is fully shielded and a 

single dial controls the tuning 
á 
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BELOW 
The Kennedy "Co- 
ronet," priced at 
$125.00. Seven 
tubes, including 
four matched r, f. 

stages, are used 

FOR LESS THAN $100 

The Worknte 17 has an all -metal chassis, 
shielded r I coils, single- control illuminated 
drum dial, amid a combination switch and 

volume wntrol. Price $95.00 

BY AUDIOLA, CHICAGO 
A six -tube console receiver for 
$110.00. There are three r, f. 
stages, and tuning is accom- 
plished by means of a single 

knob 

WHAT $70.00 WILT. BUY 
A table model of the Fresh- 
man "Equaphase " As de- 
scribed elsewhere in this is- 
90e of RADIO BROADCAST, 
I he " Equaphase ' principle 
makes possible the elimi- 
nation of the cause of os- 

cillat' 

THE "IROQUOIS" CON- 
SOLE 

This attractive six- tulle, 
one -dial receiver, by Mo- 
hawk of Chicago, retails for 
$130.00. less accessories, 
for battery operat" For 
electrical operat" the re- 
ceiver may be obtained at 
au addition :d cost of 
$110.00, in which case it 
is complete with accessories 

AN EXAMPLE OF COMPACTNESS 
Here is a six -tube receiver by Stewart -Warner which 
is offered at $80,00, There are three r f. stages, one 

of which is untuned. A single dial controls tuning, 
but' there is an auxiliary one for bringing the an- 
tenna circuit into exact resonance, and also a vol- 

ume control 
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OF THE NEUTRODYNE FAMILY 
For $100.00 it is now possible to obtain 
a single- control neutrodyne receiver. 
The Freed -Eiscmann NR -9 is such a 
receiver and, in addition to the single - 
control feature. it is completely shielded 
and has a pilot light on the front panel. 
Equal amplification throughout the 
broadcasting frequency spectrum is 

claimed by the manufacturers 

?1 

BELOW 
The "Warwick," at $138.00, is 
one of the offerings of Amrad 
for the 1927 -28 season. It is a 
single -control neutrodyne, com- 
pletely shielded. and may be 
used with tither loop or antenna 

BY SI'LITDORF 
This is a receiver for the man who still 
believes in two -dial tuning. There are 
six tubes in all, three of these being 
r. f. stages. It is wired for use of a 
power tube in the last audio stage. The 
price is $75.00. The elliptical cone 

shown is priced at $35.00 

McMILLAN'S "RIDGEWAY" 
Yet another shielded six -tube. 
single -control receiver this one 
being priced at $110.00. A long air 
column and deep -toned horn are 
included. There is ample space for 

batteries or power equipment 

ZENITH MODEL 12 
Single control is again manifest in this 
six -tube receiver, four variable con- 
densers being manipulated by a simple 
movement of the illuminated dial. The 
chassis is of metal, and the receiver is 
completely shielded. The cabinet is of 

mahogany. Price $100.00 

What Receiver Shall I Buy? 

rrHE moderate- priced receivers exhibited at radio 
shows throughout the country this Fall are at- 

tracting widespread attention because the offerings in 
this class more than those in any other pricc range 
present greater values than ever before. Radio is now 
old enough so that those who bought radio sets two and 
three years ago are now thinking about replacing the 
old outfit with a more modern and satisfactory one. 
These pages show a few of these decidedly interesting 
receivers which can be had at a moderate price and 
which at the same time guarantee excellent electrical 
performance. These receivers are simple to control, more 
than ordinarily compact, and what is of growing im- 
portance, are handsome. There are table receivers for 
those who have but little space for a set, and more pre- 
tentious console sets for those who want both a radio 
receiver and an attractive piece of furniture. Practically 
all the console models in the medium -price range not 
only provide space for a loud speaker but also have 
convenient compartments for A and B socket power 
units and the convenient relay switch which, through 
the on -off switch on the receiver panel, controls both A 
and B units. Many buyers are interested in the console 
set with these compartments because they can at any 
time purchase A and B units for their set and, in effect, 

completely "socket- power" it. 
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A ROLA CONE 
Here is a table model of the well -known 
Rola cone loud speaker, retailing at 
$28.50. This unit is equipped with a 
low -pass electrical filler for the elimi- 
nation of tube distortion. The heavy 
turned -wood disk serves as an acous- 

tical baille surface. 
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FOR A ANI) K CURRENT 
This Philco power unit will pro- 
vide 180 volts at 60 mils.. and Ihere- 
förc is adequate for a receiver em- 
ploying six or more tubes. with a 
Lower Whe in the output stage. 
The unit, costing 879.50. is sup- 
plied in an aiIraclive metal case. 
A built -in trickle charger keeps t.hc 

A battery in good condition 

TILE " UNI POW ER" 
A trickle charger and storage 
battery are combined in this 
useful device by Gould. It 
may be obtained in either a 
four - or six -volt output form 

A CONSOLE LOUD 
SPEAKER 

The exponential horn type 
of loud speaker. of which 
this is an example, is be- 
coming increasingly popu- 
lar. due to its excellent 
reproducing qualities. The 
one here is by Temple, 
Chicago. and lists at 365.00 

AN INEXPENSIVE 
CHARGER 

A six -volt. storage battery may 
be quickly charged with this 
device. a produot of the Valley 
Electric Company. St. Louis 
The charging rate is 6 amperes 

and the price, 319.50 

FOR A AND B CURRENT 
Another device wbích is capable of 
converting your a, c. house current 
into suitable power for your receiver - 
by Exide. The B output is 180 volts 
maximum. while the A supply is six 
volts. A trickle charger keeps the A 
battery well charged. The approximate 
cost of operating this device is one cent 

an hour 



RADIO BROADCAST Photograph 
AN EXPERIMENTAL SET -UP 

This photograph, taken about four years ago in RADIO BROADCAST Laboratory, shows some 
of the early photograph transmission and reception apparatus designed by the author 

Flow the Cooley "Rayfoto" System Works 

T H E articles announcing a system of radio 
picture reception appearing in the Septem- Septem- 
ber and October issues of RADIO BROAD- 

CAST have attracted widespread attention among 
radio experimenters. Even without specific data 
as to the actual operation of the Cooley " Ray- 
foto" system, experimenters have been fairly 
besieging the writer since the appearance of these 
articles and the demonstration of the " Rayfoto" 
transmitter and receiver at the New York Radio 
Show. 

All the obstacles to making this new field 
available to the experimenter are being removed, 
one by one. Engineers are busy designing com- 
ponents and manufacturers are busy getting into 
production to meet the demand. And, for the 
broadcasters, an important method of supplying 
broadcasting stations with "picture" programs 
has been evolved. In this article we shall sketch 
briefly just how the Cooley " Rayfoto" system 
functions, what each part does, and what its 
purpose is. These technical details will give the ex- 
perimenter a clear picture of what the difficulties 
are and what technical knowledge is needed for 
him to assemble and operate the apparatus. The 
Cooley "Rayfoto" recorder is no more difficult 
to build than a five -tube receiver. 

THE SYSTEM IN BRIEF 

IN 
A few words, the cycle of transmitting and 

receiving a "Rayfoto" picture is as follows: 
The subject, any ordinary positive or negative 
print, is placed on the drum of the transmitter 
or convertor which revolves and feeds it along a 

By AUSTIN G. COOLEY 

shaft before an optical system, which, in turn, fo- 
cuses the reflected light on to a photo -electric cell. 

The amplified currents from this cell are 
800 -cycle audio- frequency currents varying in 
amplitude in accordance with the subject. 
These currents control the radio transmitter 
output and the signals are received on a con- 
ventional broadcast receiver. They are then fed 
into the " Rayfoto" printer which produces a 
corona discharge in accordance with the strength 
of the received signal. The corona discharge 

le» a All you need for picture reception is a 
`11 standard receiver, an oscillator, a 
stop -start motor mechanism, photographic 
paper, and enthusiasm. The important 
part of the receiving mechanism is the 
motor mechanism. With oscillators and 
receivers we are all familiar. The motor 
mechanism and all other necessary 
components duly approved and labelled 
with the Cooley Rayfoto label will soon 
be on the market. Those eager to be the 
first in their communities to receive pic- 
tures by radio may send their names and 
addresses to RADIO BROADCAST and 
these will be sent to the manufacturers 
making the parts. The total cost will 
not be more than Poo.-THE EDITOR 

takes place at the point of a corona needle which 
feeds along a revolving drum as the needle traces 
over a photographic paper wrapped around the 
drum. At the end of each revolution of the drum 
the received signals are diverted from the 
printer unit to a relay which is actuated when a 
synchronizing signal is received at the beginning 
of the revolution of the convertor drum. This 
relay in turn operates the trip magnet which re- 
leases the recorder drum so it may start off at the 
same time as the convertor drum. After the 
needle has fed along the entire length of the 
paper, the latter is removed from the drum, 
developed, washed, fixed, and washed again. 
The result is a picture of a prize fighter who has 
been knocked out a few minutes before; or a 
picture of a railroad wreck just occurred; or 
maybe a picture of some sweet young thing 
who may have won a bathing beauty contest in 
the afternoon. 

Phototelegraphy is not complicated and in- 
volves nothing that is really new in physical 
science, but many of the "kinks" involved must 
be well understood if good initial success is to be 
expected. Most of the difficulties ordinarily in- 
volved in picture reception work will be pre- 
vented because manufacturers will supply equip- 
ment especially designed for the purpose and 
if the experimenter understands the principles 
of the system and can handle amplifier and oscil- 
lator circuits, he should have no difficulty in 
setting up his " Rayfoto" recorder and having 
good picture reception right from the beginning. 

All systems of phototelegraphy have one 
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limitation in common: They can transmit only 
one shade and one unit area of the picture at a 
given instant and therefore transmission must be 
accomplished by dividing up the subject to be 
transmitted into thousands of small areas. 

The " Rayfoto" and many other systems trans- 
mit the signals for each unit area in rapid suc- 
cession and the resultant signal varies in ampli- 
tude in accordance with the shading of the pic- 
ture. The speed at which the impulses are trans- 
mitted depends largely upon the ability of the 
receiving apparatus to reproduce rapidly the 
electrical impulses on the recording medium. 
The corona method of printing used by the 
Cooley "Rayfoto" system is capable of printing 
faster than any other system the author knows 
of, but for simplicity and low first cost we are 
using a signal frequency of about 800 cycles per 
second, which does not permit printing as rapidly 
as is possible with the system when higher fre- 
quencies are used. The possibility of operation at 
higher frequencies has been taken into consider- 
ation in designing the present equipment so that 
the speed of transmission can gradually be in- 
creased without necessitating any radical changes 
in equipment. 

As explained in the October issue of RADIO 
BROADCAST, the picture or subject to be trans- 
mitted is placed, at the transmitting station, 
upon the drum of the picture transmitter, which 
we will hereafter call the "convertor." A small 
spot of the picture is illuminated and the re- 
flected light from this spot actuates a photo- 
electric cell, the signals from which control the 
radio transmitter after the photo-electric cell 
currents have been sufficiently amplified. Each 
time the drum is revolved, the spot of light 
traverses a different path an eightieth of an inch 
wide across the picture. The line is broken up 
into 480 sections by the optical system so that 
48o electrical impulses are transmitted every 
revolution of the drum and each impulse cor- 
responds in intensity to the reflected light from 
a small area of the picture. The result is that 
48o electrical impulses are transmitted for each 
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revolution of the drum, or about 800 per second 
when the drum is making one hundred revolu- 
tions per minute. Running at this speed the drum 
feeds along the shaft T, Fig. i, at the rate of 
one and a quarter inches per minute. The drum 
is two inches in diameter and about five inches 
long. This will give us an operating speed of four 
minutes for a five -by- six -inch picture. 

The beginning of each revolution is marked 
by an impulse made up of twenty strong 800- 
cycle signals in succession. This impulse is used 
at the receiver to start the recording drum off at 
exactly the same time as the transmitter drum, 
for it is necessary that the two drums start off 
together. To accomplish synchronism in this 
way, known as the "stop- start" method, the 
recording drum must start a revolution at the 
same instant as the transmitter drum. I t is neces- 
sary that the recorder drum run slightly faster 
than the convertor drum, then stop at the end 
of the revolution for an instant until the con- 
vertor drum completes its revolution. A trip 
magnet operated by the strong synchronizing 
impulse releases the recording drum at the 
proper time. 

This trip magnet is operated through a relay 
which is connected to the rest of the system only 
after the revolution of the recording drum has 
been completed. Between the time the recorder 
drum stops and the time the synchronizing im- 
pulse is received, there must be no strong signals 
received, so we paste a strip of white paper at 
the end of the picture being transmitted so the 
signals will be weak while the recorder drum is 
stopped. Should a crash of static or some other 
disturbance be received during this waiting 
period, or " recorder lap," as it is called, the re- 
corder drum will be released in advance of the 
synchronizing signal. By making the recorder 
lap very small, the danger of such a "static slip" 
will be reduced proportionately. The wider the 
white strip on the picture being transmitted, the 
greater will be the chances of a good start after 
a static slip so that the only marring effect will 
be one line slightly out of place. 

RADIO BROADCAST Photograph 
SOME EARLY "RAYFOTO" EQUIPMENT IN RADIO BROADCAST LABORATORY 

The apparatus on the right of this picture is a Cooley photograph transmitter and in the center is an 
amplifier and "corona" apparatus. The picture receiver at the left has been redesigned in many ways 

to make its operation as simple as possible. This apparatus was photographed four years ago 
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We will consider here a few of the principles 
involved that affect the characteristics of the 
received picture. In picture work, we wish to 
reproduce at the recorder shades of light and 
dark corresponding exactly to those of the 
transmitted subject. The light reflected from the 
subject varies the current through the photo- 
electric cell in a ratio almost directly with the 
intensity of the light, and this current, after 
amplification, is made to control the power input 
to the radio transmitter modulator which there- 
fore varies directly proportionately to the re- 
flected light, due to the characteristics of the 
Heising modulator. 

The final modulated radio signal sent out 
over the air will vary as the square root of 
the reflected light. The received signal is am- 
plified lineally in the radio-frequency stages 
of the receiver. The detector output varies as the 
input squared, however, and therefore the cur- 
rent in the plate circuit of the detector will be 
directly proportional to the reflected light. The 
signal then can be amplified in the audio ampli- 
fier and delivered to the " Rayfoto" printer with 
an intensity directly proportional to the reflected 
light at the transmitter. 

Limited by the data available at the present 
time, this is as far as we can go with the signal 
and know definitely what we are doing in the 
way of maintaining the proper signal ratio 
through the various circuits. We have no exact 
data on the relation of the input to output of the 
Cooley " Rayfoto" printer. Also we do not know 
the relation of the power delivered by the 
" Rayfoto" printer to the effect it has on the re- 
ceiving paper. This factor is quite flexible and 
can be controlled considerably by the selection 
of the printing paper and its time of develop- 
ment in the photographic solutions. The printing 
paper we recommend today probably will not 
be the paper you will be using next year. I t is 
therefore necessary to have some control over 
the system so we may match our amplification 
characteristics to conform with those of the re- 
cording paper we may choose to use. For ex- 
ample, if the received picture does not show 
sufficient contrast in the lighter shades but too 
much in the darker shades, we must adjust our 
amplification characteristics to correct for this. 
One way it can be done is to reduce the filament 
voltage on one of the amplifier tubes so that the 
strong signals are cut off somewhat by running 
over the top knee of the characteristic curve 
while the signals of lower value are on the straight 
portion of the curve. Additional correction may 
be obtained by reducing the time of development 
in the photographic solution. 

The most convenient place for signal charac- 
teristic control is in the detector circuit, because 
of its "squared" characteristic. This character- 
istic may be varied considerably by proper pro- 
portioning of the grid condenser and grid leak. 
1 f the grid leak can be brought down to a very 
low resistance, say 500 ohms, and the plate 
voltage made adjustable over a range of from 4 
to 4o volts, additional control of considerable 
value will be gained. Instead of varying the plate 
voltage, a variable grid battery may be used. 

EFFICIENT AUDIO STAGES NECESSARY 

AGOOD picture must not only represent exact 
shadings of the subject but it must also 

show up most of the small details of the original. 
A poor audio amplifier system will blur up the 
details in black shades and will not permit any 
of the details in the light shades to appear. The 
amplifier must not oscillate at any audio or 
super -audio frequency or even tend to oscillate. 
Oscillations in audio amplifiers most generally 
occur because of feed -back through the B bat- 
teries from one stage to another and can be pre- 
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vented by the use of low- resistance batteries, a 

very large condenser across batteries of moder- 
ately high resistance, or by the use of inde- 
pendent batteries for the audio amplifier. The 
first pictures transmitted will contain sufficient 
contrast so that imperfect amplifying charac- 
teristics will not appear very noticeable. Never- 
theless, the progressive experimenter should try 
to keep one step ahead of the game. 

The plate current drain on the B batteries due 
to the Cooley "Rayfoto" printer will be about 
io or 15 milliamperes, so that the total current 
drain of the printer and an ordinary five -tube 
receiver will be in the neighborhood of 45 mil- 
liamperes. However, this additional drain of 
15 milliamperes will only be present when the 
printer is being used and, since it will not be 

operated for long periods at a time, an ordi- 
nary set of B batteries should be good for 
many months of service. A total voltage of 
about 200 volts is required. 

Naturally an amplifier that can be operated 
without oscillating is much more efficient than 
one that tends to oscillate and which therefore 
requires the introduction of some loss to prevent 
oscillations. In many cases, however, it is more 
convenient to use an amplifier we already have 
and which can be "doctored" up a little to make 
it serviceable for " Rayfoto" work. A resistance 
across the secondary of one or more of the trans- 
formers will prevent the amplifier from oscillat- 
ing. The required resistance may vary between 
too,000 ohms and 2 megohms. 

Many broadcast receivers have sufficient am- 
plification in their own system so that additional 
audio amplification is not necessary. You may 
test out your receiver in the following manner 
to determine whether any additional amplifica- 
tion is required to operate the recorder: Place a 

milliammeter in the plate circuit of the last 
amplifier stage; cut the current down to 0.2 
milliamperes by increasing the C battery poten- 
tial; short -circuit the loud speaker terminals; 
then tune -in a local broadcasting station. if the 
milliammeter jumps up over I5 milliamperes, no 
additional amplifier stage is needed. Even if it 
only goes to ten mils. it will not be necessary to 
use the added stage but this amount of current 
will allow only a very small margin of safety. 

If an added stage of amplification is required, a 

special transformer should be used, one that is 
capable of operating without saturation and 
which will not produce oscillations in the audio 
system. Special transformers for this work will 
soon be available. 

The Cooley " Rayfoto" printer is the device 
for producing the corona discharge that affects 
the photographic recording paper. It converts 
the received audio-signal into a fluctuating source 
of light corresponding to the transmitted signal. 
This unit consists of a modulated oscillator feed- 
ing a corona coil. The corona discharges are 
secured from the high -voltage side of the corona 
coil secondary winding. 

Readers may wish to have some explanation 
of the nature of the corona we refer to here. 
Visually, the corona discharge at the needle point 
riding on the paper is a small spray of blue sparks 
similar in appearance to those produced by a 

violet -ray machine. This discharge occurs when 
a difference of potential of i3,000 to 26,000 volts 
per centimeter (which, incidentally, won't hurt 
you) exist around the needle point. This potential 
is produced by the radio-frequency amplifying 
transformer, known as the corona coil. The pri- 
mary of this coil is part of a vacuum -tube oscilla- 
tor operating at a frequency of 333 kc. (about goo 
meters). The plate circuit is supplied by the sig- 
nals from the radio receiver. After being amplified 
to supply enough power to the modulation trans- 
former. these signals are strong enough to produce 
a strong corona discharge when strong signals are 
received. For the sake of efficiency and shading, 
about one hundred volts of direct current is sup- 
plied. in series with the modulation transformer 
to the plate of the oscillator. This boosting 
voltage must not be sufficient to produce a corona 
that will print when weak signals are coming 
through. 

The oscillator of the "Rayfoto" printer radi- 
ates for some distance if the frequency is high, 
and to prevent such interference we have chosen 
the reasonably low frequency of about 333 kc. 

Spot of light on picture 

Lens to focus - -- 
light on picture , 

Glass prism to change 
direction of light I 'I 

I 
Photoelectric cell 

Output signals from cell consist of audio - 

freqency currents of varying amplitude. 
Frequency is determined by speed of disk, - 

and amplitude by shading of picture 

To amplifier and radio transmitter 

Light is broken up by passing through 
holes in revolving disk. Frequency 
determined by speed of disk 

We do not recommend an oscillator frequency 
corresponding to more than this unless careful 
shielding is used. 

The " Rayfoto" recorder is the mechanical 
unit of the system which consists of the re- 
ceiving drum driven by a motor and controlled 
with a "stop- start" system of synchronizing. 
A screw feed arrangement feeds the corona needle 
along the drum as it revolves so that the needle 
moves along at approximately the same speed 
that the convertor drum as the transmitter 
moves along its shaft. 

The "stop- start" mechanism consists of a 

slip clutch between the motor drive and the 
drum, and a trip magnet arrangement that stops 
the drum at the end of each revolution until the 
synchronizing impulse is received. This impulse 
trips the armature of the magnet which operates 
through a relay. By this system, the transmitter 
and receiver are synchronized about twice a 

second, thereby eliminating much delicate and 
expensive synchronizing apparatus. 

The recorder drum is the same size as the one 
at the transmitter but since the recorder has a 

slight "lead," that is, runs slightly faster than 
the convertor drum, the received picture will 
be stretched out a small amount, depending 
upon the amount of lead. To compensate this, 
the gears between the drum and screw feed 
shaft will be of such a ratio that the needle will 
feed along a little faster than the transmitter 
drum so that the proper proportions are restored. 
As a result the received picture will be slightly 
larger than the one transmitted. 

It is desired to keep the lead as small as possi- 
ble so as to prevent excessive stretching of the 
picture. Also, if the lead is too much, the trip 
magnet may be tripped from a subject signal 
instead of the synchronizing signal. If the lead is 
too small, the synchronizing signal may be re- 
ceived before the recorder drum has finished 
its revolution and has switched the relay in the 
circuit. Consequently the relay will be operated 
by the next strong subject signal. 

Complete constructional data for a Cooley 
" Rayfoto" receiver which may easily be made 
at home is scheduled for next month's RADIO 
BROADCAST. 

, Picture being transmitted 

"Convertor" drum moves downward 
along threaded shaft %ö every revolution 

Threaded 
' shaft ,T 

0 

b Disk 
-- Holes in disk interrupt 

light from lamp L 

Motor drives disk and drum 

A PICTURE DIAGRAM OF THE COOLEY TRANSMITTER 

This drawing shows graphically how the Cooley picture transmitter produces electrical sig- 
nals varying in strength in accordance with the shading of the picture being transmitted 



IN Stromberg- Carlson 
receivers, a manufactur- 
ing refinement, not evi- 
dent to the casual ob- 

EFINEMENTS OF E MODERN RA 
By EDGAR H. EELIx 

THE modern manufactured receiver has 
become a precision product, built under 
most exacting conditions prescribed by 

skilled engineering departments. It is no longer 
a heterogeneous combination of parts, wired to- 
gether in conformation to circuits supposedly 
possessed of magical qualities. Performance is 

the product of a thousand and one engineering 
decisions carried out with a care so far above and 
beyond that which the average buyer can ap- 
preciate that engineering refinements are no 
longer considered suitable as selling arguments 
by which to sway the buyer's preferences. 

Where should the by -pass condenser across 
the filament leads be placed? Is the improved 
performance attained by placing it directly 
underneath the tube sockets sufficient to warrant 
a special moulding? Does a one per cent. differ- 
ence in moisture content of the insulating paper 
of fixed condensers reduce losses sufficiently to 
justify an additional cost of twelve cents per 
receiver and does that involve an increasing 
percentage of condenser breakdowns? Should 
three more turns be used on the radio-frequency 
transformer primary to get slightly improved 
quality or does that involve a sacrifice in selec- 
tivity too great to be permitted under present 
broadcasting conditions? Should the audio-fre- 
quency system be designed to cut off at 5500 
cycles or at 480o, in the first case giving slightly 
improved reproduction; in the other, slightly 
reducing the effect of certain types of interference 
noises? 

It is such highly technical questions as these, 
clouded in a veil of mystery to all but the ex- 
perienced radio engineer, that makes one radio 
set better than another. The placing of a socket 
half an inch one way or another may make an 

imperceptible difference in performance, but it is 

the multiplication of such details, carefully de- 
termined after engineering study, that assures 
the buyer of his money's worth. 

In a sense, we have come to a parting of the 
ways between the factors that make real radio 
performance and those which make up the buy- 
er's mind between one radio set and another. 
There is a premium on the little, superficial 
improvements which the buyer can appreciate 
because they are the only practical ways of ex- 
pressing engineering ingenuity to the ultimate 
consumer. 

ONE REFINEMENT OF FADA 

THE Fada receivers of this year, for example. 
employ a new simplified power switch and 

volume control, an obvious convenience which 
any prospective purchaser will appreciate. One 
control takes the place of two. Hidden in 
the beautiful cabinet, is a chassis made of ;g 
inch pressed automobile body steel. It is sup- 
ported on a three -point suspension with absolute 
rigidity so that the parts mounted in it cannot 
get out of alignment. The accurate matching of 
variable condensers contributes not only to se- 
lectivity but to quality of reproduction. I n past 
years, an accuracy of one per cent. in capacity 
throughout the tuning range has been considered 
satisfactory. The Fada condensers are matched 
to an accuracy of é of I per cent. and the same 
standard is applied to the tuning inductances 
coupled with them. These are a few of the hidden 
values which make for good performance. 

The shaft on which the tuning drums and var- 
iable condensers are mounted is one -half -inch 
flash copper plated piston rod steel and is gauged 
to a tolerance of .0005 of an inch! The day of the 

server, is found in the 
cord connecting the set 
to the light socket. It is 
made with unusual care 

IO RECEIVE 

curtain rod condenser support is over. The pis- 
tons in your automobile are gauged to no closer 
tolerance. 

Advertisements shout uniformly about the 
most selective receiver with the best tone quality, 
but give the discriminating buyer no real facts 
to help him appreciate the performance of a 

receiver. Generalities may sell the uninformed 
and help to create name familiarity, but sterling 
worth, built in by ingenious engineering and 
painstaking manufacture, is hardly ever con- 
veyed to the reader of advertising. 

GOOD THINGS YOU DON'T SEE 

ANOTHER instance of superficial selling 
points which make an obvious appeal to 

the uninformed buyer and the equally important 
hidden refinements which contribute even more 
significantly to good performance is found in 
the Freed -Eisemann receiver. Several models are 
equipped with a voltmeter so that the set owner 
can readily check the A, B, and C voltage applied 
to every tube of his receiver. Since accurate 
voltage supply is of vital importance in the per- 
formance of the receiver, the selling value of that 
feature is obvious. But how many buyers know 
of the two special bonding clips which ground 
the shielding of the detector stage in order to 
dissipate more readily the radio-frequency cur- 
rents generated in that shield? I t is a minor point, 
but an expression of the engineering care which 
makes the modern radio receiver. 

Recently, the writer visited the Stromberg- 
Carlson factory at Rochester, New York. A com- 
plete understanding of the refinement which is 

concealed in the cabinet of the Stromberg -Carl- 
son receiver hardly ever penetrates beyond the 
monument to engineering skill and idealistic 
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production standards which that new factory 
actually is. One could write a thousand words on 
how the cord by which you tap the a. c. power 
line is made! Only a detail, but it assures unfail- 
ing service for a period of years. It means no 
frayed cord and no breakdowns, an advantage 
which passes practically unnoticed in the atten- 
tion of almost every buyer of that receiver. But 
to give him that advantage, special engineering 
standards have been set for every item of ma- 
terial used in the flexible cord. The fine copper 
wires which, woven together, make an everlasting 
cable, are ten times as strong as ordinary wire. 
Special flexible conductor, which does not break 
if sharply bent. is employed. The individual 
strands are so fine that they cut the finger like 
a razor blade. Covering these wires are insulating 
materials adding a factor of safety far above 
and beyond that considered necessary. And 
finally, selected cotton is woven over the insulat- 
ing material, giving a mechanical strength so 

that the copper wire itself is relieved of most of 
its load. Last, but not least, comes an outer cov- 
ering of silk so woven that there will be no un- 
twisting of the cable and it will hold its lustre 
for a period of years. Outwardly, there is but 
little to distinguish this little engineering master- 
piece from an ordinary power con- 
necting cord which will fray, untwist, 
and break in the course of time, par- 
ticularly if it must be pulled out each 
time the vacuum cleaner is used. 
Probably not one salesman in ten 
thousand selling the Stromberg- 
Carlson receiver ever considers this 
refinement -one of a thousand which 
conscientious engineering has built 
into that product. 

SOMETHING ABOUT CONDENSERS 

ONE feature which every radio 
enthusiast appreciates is the 

advantage of straight frequency -line 
tuning condensers over the straight 
capacity -line type. The desirability 
of even spacing of stations over 
the tuning dial throughout the 
broadcast range is obvious. But, 
with the almost universal tendency 
toward multiple condensers, needed 
to obtain single control, the neces- 
sity for straight frequency -line condensers has 
caused many an engineer gray hairs. It is very 
difficult to secure uniformity in quantity 
with condensers having the peculiarly shaped 
plates necessary in straight frequency -line tuning. 
With straight capacity -line used in connection 
with matched inductances, uniformity is easily 
attained and tuning circuits readily matched. 
All that need be done to match the stages is to 
adjust the condensers at any point on the wave- 
length scale, after the receiver is assembled. 
Once that is done, absolute accuracy is likely to 
obtain at all dial settings. But straight capacity - 
line condensers mean that, at the short wave- 
length end of the dial, stations are hopelessly 
crowded, while, at the upper end, they are widely 
and wastefully separated. 

A fine example of engineering refinement in 
meeting this problem is embodied in the Federal 
receiver. Condensers with square plates, sliding 
in rigid grooves, assure absolute uniformity of 
capacity variations and attain a standard of 
accuracy almost impossible to secure with con- 
densers having specially formed plates to secure 
the straight frequency -line effect. But the buyer 
of a Federal does not sacrifice the advantages of 
straight frequency -line tuning by the use of these 
condensers. An ingenious and well designed gang 
tuning control mechanism gives him all the 
advantages of straight frequency -line tuning 

The mechanism is a masterpiece of mechanical 
design. 

Another example of true engineering beauty 
is embodied in the antenna tuning compensator 
which is a part of the mechanism. With multiple 
tuned circuits, the designer has the choice of 
several ways to compensate any variations in 
antenna capacity. He may use a broadly tuned 
antenna or input stage which gives but little or 
no amplification. Such a stage contributes its 
share of tube noise and accentuates nearby sta- 
tion interference. Or else he may employ a 

sharply tuned stage which has a separately 
adjusted compensating condenser. Of course, 
the most efficient and satisfactory method to the 
user is an antenna stage which tunes sharply and 
contributes its share of amplification. Those 
having receivers with a vernier antenna com- 
pensating condenser have noticed that, although 
they have a main tuning dial which gives the set 
the appearance of one control, they must actually 
adjust two dials -the main tuning control and 
the compensator -to tune -in a station properly. 

With the Federal receiver, the compensator is 

geared with the main tuning adjustment and 
automatically keeps the antenna circuit in step 
with all the rest throughout the tuning range. 
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fixture capable of handling the job, it would be 

comparatively easy to install a check of the 
manufactured product and be assured of a high 
degree of accuracy. However, when two or more 
test fixtures are required to handle the volume 
of coils manufactured, and where it is desired to 
check these coils at radio frequency, a more 
serious problem presents itself. 

"We have employed several methods over the 
last three years The one I describe, however, 
represents our latest development and is the re- 
sult of all our past experience. 

"A radio-frequency oscillator is built up 
around the standard 201 -A tube. Incorporated 
in the tuned circuit of the oscillator at nearly 
ground potential is a resistance of approximately 
Io ohms. Across this resistance is shunted in 
series the coil to be tested and a variable con- 
denser with its separate vernier condenser. 
When this series circuit is brought to resonance, 
the total resistance of the shunt circuit comes 
down somewhat in the neighborhood of the 
to-ohm resistance, and one -half of the oscillation 
current is diverted to the series tuned circuit. 
Included in this tuned circuit is, of course, the 
usual thermo -galvanometer. 

" By means of a properly chosen vernier con- 
denser, the coils coming through can 
be checked for accuracy and sorted 
in as many divisions as experience 
shows necessary. However, while 
this is suitable for one test fixture, 
the problem of keeping two or three 
fixtures oscillating at the same fre- 
quency presented itself. Naturally, 
if the frequency of the individual 
oscillators varies, say to per cent , 

it is quite impossible to group 
coils together just by dial readings. 

"We have solved this problem by 
building a crystal oscillator as one 
of the test fixtures. Other oscillators 
of ordinary type are built and each 
is equipped with a vacuum -tube de- 
tector. The oscillators are placed so 
that it is possible to couple in some 
of the energy from the crystal oscil- 
lator. By means of a headset, the 
operator adjusts his oscillator to zero 
beat with the crystal oscillator. Usu- 
ally, it is not necessary to check 

this setting more than two or three times a day. 
By this method, coils may be checked and sorted 
with an accuracy of a few tenths of one per cent." 

That is engineering refinement. It is the 
kind of "detail" which makes the 1927 radio 
receiver a precision product. 

The broadest appeal to the radio buyer, and 
one to which most people respond, by and large, 
is the outward beauty of the product and the 
name reputation of the manufacturer. Faced, as 
a prospective buyer is, with numerous products 
attractive from these standpoints, he is easily 
swayed from one brand to another by superficial 
selling points. The more discriminating and in- 
telligent buyer -and in the radio field, because 
of the host of persons who have a smattering of 
technical knowledge, this class is predominant 
and influential -looks to the hidden qualities, 
the expression of engineering ingenuity and 
manufacturing skill, as well as the performance 
qualities, in deciding between one receiver and 
another. The glittering generalities which have 
characterized successful advertising and have 
successfully built up huge quantity production, 
are at last beginning to suffer a reaction. There 
are too many "best" automobiles and too many 
"finest" radio sets. But facts, the refinements, 
the details, presented to those who can under- 
stand them, are indisputable evidence of inherent 
quality. 

THE R.F. OSCILLATOR USED BY BOSCH TO MATCH COILS 

The author would not be surprised to discover 
that the electrical law determining the correct 
compensating adjustment needed for all types 
of antenna systems and working out the mechan- 
ical arrangement which assures adherence to 
that law was a bigger engineering job than 
designing the entire radio set marketed in 1924. 

All this engineering precision applied in design 
may be nullified by carelessness in production. 
The electrical and mechanical measurements 
made in the modern radio plant are of an order 
of precision unrivaled in any field of quantity 
production. Atwater Kent, for example, makes 
159 precise tests, each requiring engineering 
knowledge to perform, in producing a single 
receiver. Some of these tests entail mechanical 
precision measurements; others electrical meas- 
urement of currents of mere millionths of an 
ampere. But every test contributes to the pur- 
chaser's assurance of reliable radio service. 

MATCHING INDUCTANCES IN QUANTITY 

HOW one manufacturer applies engineering 
precision to production is best expressed in 

the words of William F. Cotter, radio engineer 
for the American Bosch Magneto Corporation: 

"The subject of sorting and matching of in- 
ductance coils is one to which we have given 
considerable thought. Its importance is recog- 
nized by every manufacturer. With one test 



A RADIO receiver, as any engineer will 
tell you, is a complicated and highly 
organized machine, designed to perform 

several functions none of which is independent 
of the others. It is because of these intercon- 
nected functions that the engineer will wish he 

were in Europe if you ask him: 
"What is the best radio ?" 
An automobile, on the contrary, is compara- 

tively simple. It has but one function to perform, 
it must take energy in some inert form, say un- 
confined gasoline, and convert it into some other 
dynamic form which is useful in carrying some- 
one somewhere. 

To answer a question regarding the best auto- 
mobile, then, is simpler, especially since the auto- 
mobile industry has been established long enough 
for the most expensive car to be usually the best. 

Unfortunately. radio has not even this truth to 
go on, for, all things considered, the most expen- 
sive radio does not always pan out to be the best. 

A radio must do three things, and therefore 
there are three problems of design. They deal 
with 

I. SENSI TIVITY. The receiver must be sen- 
sitive enough to pick up the signals one wants 
and amplify them sufficiently to give good 
loud speaker volume. 

2. SELECTIVITY. The receiver must accept 
signals from the one station the owner wants 
and reject all others. 

3. FIDELITY. The loud speaker signals must 
be a faithful reproduction of the original in 
tone and in relative volume. 

Thus a perfectly selective and sensitive re- 
ceiver would pick up any station operating at 
any distance on any frequency, and would turn 
a deaf ear to all others, no matter how near the 
given station in frequency or distance, or how 
great their power. If the receiver has too per 
cent. fidelity of reproduction, signals as loud as 

the original would come from the loud speaker, 
and with all tones exactly as they originate in 
the studio. 

Needless to state, there is no such receiver. 
There are several reasons for this. As men- 

tioned above, these varied functions of a receiver 
depend upon each other, and not always to the 
same degree. For example, an infinitely selective 
receiver would be in the present state of the art, 
highly unsatisfactory from the standpoint of 
fidelity. Advertising writers to the contrary, one 
cannot have something for nothing, even in radio. 

There are those, however, who desire to know 
which of two receivers is the better, and among 
these are the reputable manufacturers them- 
selves. It is for this reason that set testing meth- 
ods have changed. 

Not so long ago, when a receiver had been put 
together and wired someone took it to a test 
bench where it was hooked to batteries and an 
antenna. If signals came out of a horn somewhere 
the set worked. It was sent to the dealer at once. 
This was an obvious test. 

The obvious, as we all know, is not always the 
best. In the case of good radio receivers, this 
older, obvious test has given way to more scien- 
tific tests which do not depend upon a smoke 
covered antenna or the often tired ears of a 

test man, but upon tireless and unemotional in- 
struments. 

In spite of the fact that these tests have been 
practised --- sporadically, we suspect -in the bet- 
ter known laboratories, it has been only within 
the last half year that descriptions of them began 
to appear in the technical literature. So new is the 
industry that standard tests have not been de- 
veloped, nor have engineers even agreed among 
themselves regarding even the nature of these 
tests. Probably while this is being read, com- 
mittees of the various radio organizations and 
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radio engineering societies will he weighing con- 
ditions of test and endeavoring to set definitions 
of the perfect receiver, definitions that everyone 
will recognize. 

WHAT HAPPENS INSIDE THE BOX? 

MOW, before trying to find how much of any- 
thing a receiver does, it is well to get an idea 

of what happens inside the box, to discover if 
possible what should happen and how much. 
Then we shall have some idea of what to look for 
and what the relative order of magnitude will be. 

For example, harking back to the automobile, 
almost everyone knows that an automobile has a 

carburetor. Some people know what it is for; the 
writer does not. There is also a clutch and some 
other apparatus which everyone who is about 
to buy or run or design or fix a car should 
know all about. He should know what these 
various pieces of equipment are for, what hap- 
pens if you leave some of them at home, and 
when the car runs properly, what the magnitudes 
of the various operations are. The quantity of 
gas and oil per mile, or hour, revolutions per 
minute, miles per hour, ability to climb hills, 
"pick -up," etc., are all terms that have both 
definition and dimensions. 

A radio receiver also has several pieces of com- 
ponent apparatus. Each h.is a different function, 
and in each piece of apparatus something 
happens when the set is operating properly. 
What we must know first is what is each part for, 
how it does its work, and then how much should 
a good unit do? This will enable us to define a 

perfect receiver, and if we have laboratory equip- 
ment and patience, or if the manufacturers will 
supply us with the proper data, we shall be able 
to decide just where in the scale of goodness our 
particular receiver stands. 

The inner works of the receiver, except super - 
heterodynes, consist of three parts: a set of tubes 
which serve as radio-frequency amplifiers, boost- 
ing in magnitude the incoming signals without 
change in form and very sharply tuned; a de- 

tector more broadly tuned which changes the 
signals into an audible form; and third, audio 
amplifiers which bring the detector signals to 
loud speaker volume. The last are not tuned at 
all, or at least very broadly. 

The radio frequency amplifiers are intimately 
connected with the transmitting station. The 
receiving antenna or loop is situated in a reser- 
voir of energy, part made by man, part by nature; 
part useful, part disturbing. A fair share of this 
energy is created by broadcasting stations which 
pour their output into what scientists call the 
"ether" and what the layman calls the "air." 

The energy one wishes to receive speeds from 
the broadcasting station with the velocity of 
light, so fast that it may be heard from the loud 
speaker before it is heard in the rear of an audi- 
torium in which the broadcasting may occur. 
This is because sound travels through air at 
I too feet a second and radio waves through the 
ether at 186,000 miles a second. 

The receiving antenna is almost as intimately 
connected with the transmitter as if a wire joined 
them metallically, although less efficiently to be 
sure. What comes out of the transmitter sets up a 
voltage across the receiving antenna. Naturally, 
the stronger the transmitter, the nearer to the 
receiver, or the higher the receiving antenna the 
greater is the received voltage. 

Here is where we start on our measuring ex- 
pedition. How can we measure the relative 
strength of a transmitter at a given locality? 

HOW RECEIVED ENERGY IS MEASURED 

IN THEORY the problem is about as follows. 
The actual voltage across a given antenna is 

measured by the substitution method. That is, 
a given deflection on a meter is secured from the 
distant station. Then a voltage which can be 

read on another meter is substituted for the 
distant transmitter and when the proper deflec- 
tion is secured the voltages are equal. The process 
may be changed as follows. The given deflection 
is secured. Then a much greater voltage, which 
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CONDITIONS UNDER WHICH SETS WORK 
Estimates agree that a radio set must have de- 
livered to its antenna a signal strength of be- 
tween one and ten millivolts per meter for 
"good" service. This means that the received 
signal will then be strong enough to over -ride 
ordinary static and local electrical disturbances. 
This curve shows the increase in power neces- 
sary at the broadcasting station to increase the 
range at which a field strength of ten millivolts 
per meter is delivered. Curve A shows the power 
required to lay down this field strength without 
any absorption of the wave; Curve B shows the 
unit power needed to lay down an equivalent 
field strength with all sources of absorption in- 
cluded. Note that at a distance of about 20 miles 
from the station, only about 1.1 units power is 
required for ten millivolts while, with absorp- 
tion, ten units are required to produce the 

equivalent signal 

can be easily measured, is cut down in known 
steps until the same deflection is noted. In this 
manner the field strength of a given station may 
be definitely measured. 

Since the field strength at a given receiver 
varies with the antenna height, the usual basis 
of comparison is field strength per meter height. 
It is merely the actual voltage measured divided 
by the effective height of the receiving antenna. 
This is expressed in millivolts per meter and is a 
factor which is a measure of the effectiveness of a 
given transmitter at a given locality at a given 
time of day. 

A given number of millivolts per meter will 
produce a certain loud speaker response with a 
given receiver. The more sensitive the receiver 
the greater loud speaker signal will be secured 
from a given field strength, or conversely, a given 
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STATION WEAF 
(610 Kc.) _ 

(Bell System Technical Journal) 
Jan. 1927 
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HOW FIELD STRENGTH DECREASES 
This curve, from the Bell System Technical 
Journal graphically shows how the field strength 
of WEAF falls off with distance from the station. 
Any receiver, to be subject to tests which indi- 
cate anything, must operate under standard 
conditions, which are gradually being agreed upon 

WHAT IS A GOOD RADIO? 

signal may be produced by a weaker field 
strength the more sensitive the receiver. 

What, then, may be considered a good signal? 
Here we are talking dimensions or magnitude. 
What we want to know is the field strength that 
will override static and other interference to 
produce a good lusty loud speaker signal, one 
that will be good, day or night, rain or shine. 

The following table is taken from Dr. Alfred 
N. Goldsmith's paper in the 1. R. E. Proceedings 
for October 1926 and shows what may be ex- 
pected from various field strengths. 

NATURE OF 
SIGNAL FIELD STRENGTH SERVICE 

0.1 millivolt per meter poor service 
fair service 
very good service 
excellent service 
extremely strong 

1.0 
.. It et 

10.0 " 
100.0 

1000.0 
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So far so good. Let us see how powerful a sta- 
tion must be to deliver such a field strength over 
a certain distance. Again quoting from Doctor 
Goldsmith's paper we have the following data. 

ANTENNA POWER SERVICE RANGE 

5 watts I mile 
5o " 3 miles 

500 " to " 
5000 

.. 30 
50,000 " loo .. 

There seems to be some regular progression 
here between the power and the range of station 
-in fact a law exists stating that the range of the 
station varies with the square of the power of 
the station. That is, to double the range we must 
quadruple the power. To increase the service 
range three times we actually increase the power 
the square of three or approximately ten times. 

Now quoting Lloyd Espenschied in the Bell 
System Technical Journal (January 1927), we find: 

Fields between 5 and io millivolts per meter 
represent a very desirable operating level, one 
which is ordinarily free from interference and 
which may be expected to give reliable year - 
round reception, except for occasional interfer- 
ence from nearby thunder storms. 

From o.10 to I millivolt per meter, the results 
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may be said to run from good to fair and even 
poor at times. 

Below o.1 millivolt per meter, reception be- 
comes distinctly unreliable and is generally poor 
in summer. 

Fields as low as o.I millivolt per meter appear 
to be practically out of the picture as far as re- 
liable, high quality entertainment is concerned. 

WHAT POWER DO STATIONS DELIVER? 

FROM a given station the field strength falls 
off according to an inverse law, that is, if we 

double the distance we shall halve the field 
strength: "a 5 kw. station may be expected to 
deliver a field of to millivolts from io to 20 
miles away and a 1.o millivolt field not more 
than 50 miles away." 

In a Bureau of Standards paper, "General Re- 
port on Progress of Radio Measurements, "(April, 
1924) the following data were published. When 
WEAF was transmitting with 3 kw., its field 
strength at to miles was 32 millivolts per meter. 
When KDKA has a nominal power of to kw. its 
field at io miles was 43 millivolts. 

All of these statements may be expressed 
graphically and the curves on these pages contain 
much meat for thought. What everyone wants is 
good lusty signals from a high quality station, 
day and night, without resorting to regenerative 
receivers to boost the volume at the cost of fidel- 
ity, without being forced to listen to nearby poor 
quality stations riding in on an adjacent chan- 
nel, or without having his program more 
than liberally punctuated with static or ex- 
traneous noises. It is up to broadcasting stations 
to produce a field strength that will insure 
programs and transmission of this desirable 
quality. It is up to design engineers to produce 
receivers that will serve their owners with loud 
speaker signals from the field strengths laid 
down by high quality stations. Mathematics 
alone is not infallible; some experiment and la- 
boratory work must go with it to make certain 
all the factors have been considered. 

Subsequent articles will deal with methods by 
which engineers check up on the soundness of 
their design; methods by which sensitivity, 
selectivity, and fidelity may be measured. 

Fairchild Aerial Camera Corp'n 

A RADIO "MAP" OF WEAF'S SIGNALS 
Although made some time ago when WEAF was transmitting from Walker Street, New York, this 
illustration shows that in various parts of New York City WEAF signals were very faint indeed. A 
receiver, no matter how good, could not successfully "pull in" this station. The answer is greater 

power and location of broadcasting stations away from areas of great absorption 



Do You Own a BatteryoOperated Set? 
Many Fine Types of A-Power Supply Units Are Now Available to Convert 
Your Battery-Operated Sei to One Which Requires Almost No Attention 

By HOWARD E. RI- ODES 

NOT so long ago, the only way to heat the 
filaments of your tubes was to use a 

battery. And practically everyone who 
had a radio set had a storage battery ; few indeed, 
even in the olden days, used dry cells to light 
their tube filaments unless that was a necessity. 
Then the storage battery passed through a cycle 
of development. The crude battery which radio 
borrowed from the automobile industry was 
dressed up. The case became polished wood or 
even glass and special precautions were taken 
by the makers to keep the acid electrolyte where 
it should be, for this battery was not to 
be housed in the interior regions of a mo- 
tor car but in the parlor of high society. 
And now, to compete with the steady 
old battery come socket A -power units. 
What are they? How much do they cost? 
How many tubes will they supply? Do 
they need regular attention? Can a socket 
A -power unit be installed and be de- 
pended upon to light the filaments of the 
tubes "when, as, and if wanted "? These 
and goodness knows how many other 
questions are being asked by technical 
and non -technical radio folk these days 
as the offerings of 1927 are more and 
more widely announced. 

The owner of a good radio set of some 
years back realizes that the tempting 
new 1927 models, operated directly from 
the light socket, probably are as superior 
to his outfit in convenience and perform- 
ance as Whiskery is to Dobbin. But for 
one reason or another our loyal owner 
decides to keep his receiver. Can't he buy 
gadgets to turn his set into a light- socket 
outfit? Why not, for there are plenty of 
good B socket -power units and a goodly 
number of A socket -power units adver- 
tised? Well, so he can. He can buy a re- 
liable A socket -power unit, a good B 

socket -power unit, a relay switch, and 
there you are -complete light- socket 
operation! He has achieved convenience 
which he seems to be pursuing strenu- 
ously. The economics of the change 
is another matter. Of the convenience 
and reliability there is no question. 

Take the case of a set owner who bought a re- 
ceiver a year ago. He may not be quite ready to 
buy a new outfit, but complete light- socket opera- 
tion tempts him. His receiver must be operated by 
these A and B power units without any sacrifice 
in tone quality or volume. If the power units can- 

not accomplish this -and for a reasonable length 
of time, without renewal of parts -they are not 
worth purchasing. There are, fortunately, many 
A -power units capable of giving as satisfactory 
reception as can be obtained from the un- 
adorned storage battery. 

The storage battery as a source of filament 
power is in many ways an almost ideal device. 
The current it supplies is perfectly steady. Its 
voltage is practically constant during a greater 
part of its discharge, and the slight decrease in 
voltage that does take place as the battery be- 

charging A batteries is a serious annoyance to 
many radio users. 

TWO GENERAL TYPES OF A UNITS 

THE radio set can be operated from the light 
socket by the use of A and B power units, or 

by designing the receiver to operate with special 
a.c. tubes, receiving their filament current from 
the power mains. The purchaser of a new set 
finds his problem largely solved, for the makers 
of light- socket sets have engineered their sets 
beforehand. It is to the owner of a battery - 

operated set that this article is addressed. 
A power units fall into two classes: 

(a) units using a rectifier and filter sys- 
tem connected through a transformer 
to the a.c. line. (See Table I). 

(b) units using a special storage battery 
in conjunction with a trickle charger. 
(See Table I l). 

The various A -power units listed in Ta- 
ble I are all essentially similar in design 
but they differ in minor ways that are 
of interest. All A -power units in Table I 

must contain (1) a step -down transformer 
(to lower the voltage of the line to the 
proper value required by the rectifier 
unit); (2) a rectifying unit (to change 
the reduced a.c. to a sort of d.c.); and 
(3) a filter system (to smooth out the 
product of the transformer -rectifier 
circuit). The filter must eliminate the 
"hum" which is always present in 
unfiltered, rectified a.c. 

Enormous capacity in the filter con- 
denser is necessary to remove this 
troublesome hum. With electrolytic con- 
densers a capacity of 30,000 mfd. can be 
attained in a reasonable space and at 
reasonable cost, and such a large ca- 
pacity as this is necessary for adequate 
filtration. The electrolytic condensers are 
shipped dry and when they are put into 
service, distilled water is gradually 
added to the condenser container. The 
contained chemical, which in some 
cases is potassium hydroxide, dissolves 
in the water. When it completely dis- 
solves, the unit is ready for use. 

These electrolytic condensers require practi- 
cally no upkeep. Every six months or so a small 
amount of distilled water must be added. If the 
user is absent minded and lets the water get too 
low, the unit is not damaged, but indicates its 
need of attention by causing the unit to produce 
an audible hum which is heard in the loud 
speaker. If, "by a set of curious chances," too 
much water is put into the condenser unit, it 
will fail to function properly. Excess liquid can 
and must be removed with a syringe. When the 
water is first put into the condenser can some 
heat will be generated for a short time. 

The Balkite and Abox units both use the form 
of electrolytic condenser discussed above. An 
interesting feature of each of these two outfits is 
that the chemical rectifier electrode is immersed 
in the same electrolyte used for the condenser. 
The outer plafes of the condenser act as the 
second electrode of the electrolytic rectifier. This 

THE BALKITE A -POWER SUPPLY 
This device will supply filament current to receivers having up to 
eight tubes and it requires practically no attention. Inside the case 
is a transformer and electrolytic rectifier and an electrolytic con- 

denser. The list price is $32.50 

comes discharged does not affect the operation 
of the receiver adversely because tubes of present - 
day design will operate satisfactorily at slightly 
lower than rated filament voltage. Automatic 
A -power units have been developed because the 
public demands convenience. The necessity of 

TABLE I 

NAME OF UNIT PRICE TYPE OF 
RECTIFIER 

MAX. NUMBER 
OF ¡ AMP. 

TUBES UNIT 
CAN SUPPLY 

POWER 
INPUT 
FROM 
LINE 

SIZE OF 
CONTAINER LxWxli 

Abox $32. 50 Electrolytic 8 
Balkite A 
Electron Electric A 

32.50 Electrolytic 8 100 11¡x631x811 
Regular 45.00 Tube 7 12;x7;x9 
Giant 49.50 Tube 12 32 

Marco A Socket Power No. 500 60.00 Tube 10 47 11;x7;x9 
Sterling A Supply 42.50 Tube 8 7 x 11 x 8 
Valley Socket A 39.50 Tube 12 36 9;x5ax11 
White A Socket Power 43.50 Tube 9 39 11;x7x6; 1 
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ingenious scheme achieves very compact con- 
struction. Both these units are supplied with 
external taps which insert resistance in the 
secondary circuit to control the output voltage. 
It is always advisable to use the lowest resistance 
tap that gives satisfactory results. In the Abox 
unit, there is a film of oil on top of the electro- 
lyte which prevents excessive evaporation of the 
fluid. Both units require the addition of a small 
amount of water every six months but do not 
require any other attention. 

Another interesting A -power unit uses the 
Raytheon "A" cartridge -a new type of dry 
rectifier. Units of this type are made by Electron, 
Marco, Valley, and Sterling. Some of these use 
one Raytheon cartridge, others two. The Marco 
product, for example, boasts two cartridge recti- 
fiers. A rheostat in the primary circuit allows 
regulation for different loads. A meter on the 
front of the panel simplifies proper ad- 
justment. Inside the box is a relay with 
silver contacts -to avoid sticking -so 
that the power unit can be controlled 
by the filament switch in the receiver. 

Either one or two Raytheon "A" 
cartridges may be used in the Valley 
A -power unit, depending on the num- 
ber of tubes in the receiver to be sup- 
plied. Full -wave rectification obtains 
with the use of two cartridges. Valley 
suggests using the full complement of 
two cartridges for receivers with seven 
or more tubes. A single cartridge will 
suffice for more modest receivers. This 
Valley device also uses an electrolytic 
condenser to smooth the output of the 
cartridge rectifiers. Since it is shipped 
without liquid, the dry chemical may 
rattle in the condenser can and excite 
some curiosity on the part of the pur- 
chaser. The addition of water, accord- 
ing to directions, makes all things as 
they should be. Between the rectifier 
and filter system is the control rheostat 
which provides sufficient regulation for 
various loads imposed by the receiver. 

The A-power unit from Sterling uses a 

single Raytheon cartridge, is equipped 
with an automatic filament circuit re- 
lay, a control rheostat, and a meter to 
facilitate the correct voltage adjust- 
ment. 

The White unit among those listed 
in Table I is the only one on which 
we have information which uses a 

Tungar or Rectigon tube as a recti- 
fier. The transformer in this device delivers about 
8 volts to the plate and about 2 volts to the fila- 
ment of the rectifier tube. The rectifier tube has 
a rating of 2 amperes, which, according to its 
manufacturers, is conservative; the unit, when 
operating under normal loads, should therefore 
have a long life. The filter circuit in this device, 
besides the usual electrolytic condenser, contains 
a 4 -henry choke to assure complete elimination 
of hum. A calibrated rheostat to control the 
output is connected between the tube and filter 
system and the meter scale on the front panel 
enables the user to adjust the unit accurately 
and with ease. A six -foot cord with a pendant 
switch is supplied to control the a.c. input. 

with the old storage battery may have instilled 
this dislike of an A- supply involving liquids. 
But as radio has developed and the inevitable 
and fortunate process of refinement has occurred, 
ingenious ways have been found to mould the 
storage battery into a highly desirable product 
indeed. Anotherjschool of manufacturing thought 
therefore has worked along these lines. They 
have taken the storage battery, designed it 
exactly to fit modern radio needs, and in the 
process have succeeded in producing a unit 
which has none of the disadvantages always 
quoted against it. Since any of the two distinct 
types of socket -power A units listed in Tables 
I and II supply satisfactory A potential to the re- 
ceiver, and differ largely in the electrical means 
used to produce the direct current for the tube fila- 
ments, whether one chooses one type or the other 
is entirely a matter of personal preference. 
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The principles of operation of this type of de- 
vice have not been changed, but this year many 
important improvements have been made which 
insure satisfactory service and almost entire 
freedom from user attention. Unusually thick 
plates, especially designed vent caps, built -in 
"state of charge" indicators, conveniently lo- 
cated controls to vary the charging rate, and 
special cell construction to insure long life in 
trickle- charging service -all contribute to make 
the combination trickle charger and storage 
battery a convenient and satisfactory A socket - 
power unit. 

Let us discuss some of the points of interest in 
these devices. The Acme A -power unit, type 
APU-6, is designed to supply 8 to io tubes. The 
battery unit can be charged at two rates: z and 
IZ amperes. This wise provision permits adjust- 
ment of the unit to take care of the demands of a 

receiver with many tubes, or the lesser 
current requirements of a set with 
fewer tubes. 

The Westinghouse " Autopower" has 
much to commend it. Our friends in 
East Pittsburgh have combined in a 

compact unit both a storage battery 
and an efficient trickle charging de- 
vice, the latter developed during the 
last year. This rectifier, which is the 
heart of the charger, is interesting 
enough to merit a slight digression 
Several years ago, it was found possi 
ble to make a solid body of matter 
conduct electricity more freely in one 
direction than in the opposite one. This 
was the origin of Rectox, the trade 
name of the rectifier used in the "Auto - 
power" and some units by other mak- 
ers, operating under Westinghouse 
licenses. The first materials to show 
this property offered three times as 
much resistance to the passage of elec- 
tric current in one direction as in thy 
other. The present Rectox units, de- 
veloped after considerable research. 
have increased this resistance ratio oi 
3 to 1 to as high as 20,000 to I in tht 
final units. The life of this rectifier unit 
is said to be indefinite. 

A special clip on the front of the 
"Autopower" makes it possible to ob- 
tain three different rates of trickle 
charging. In addition, a "booster" rate 
can be used to revivify the battery 
if the receiver has been used for an 
excessive length of time. (One thinks 

of the t ti- hour continuous Lindbergh broad- 
cast of last June!) The unit contains a relay, 
which, when the set is turned on, automat- 
ically disconnects the a.c. from the trickle 
charger and connects it instead to two leads 
terminating in a plug on the side of the "Auto - 
power" unit into which the connecting cord of a 

B -power unit is connected. When the radio re- 
ceiver is turned off, the relay automatically closes 
the trickle -charger circuit and the battery begins 
to charge. At the same time, the relay opens the 

THE VESTA GLASS ENCASED A -POWER UNIT 
This is a combination storage battery and trickle charger combined 
with a relay so that its operation is entirely automatic. A distinctive 
feature is that the entire unit is enclosed in a moulded glass case so 

that all the parts are visible. The list price is $47.5o 

YOU WON'T RECOGNIZE THE STORAGE BATTERY 

ALL the units listed in Table I are grouped 
there because they provide a source of A 

supply by utilizing a rectifier and filter system, 
while those of Table I I combine a storage 
battery' and trickle charger. There are many 
radio users who are convinced that the ideal 
A- socket power unit is one that is innocent of 
liquid of any sort. An unfortunate experience 

Storage battery makers, since radio became 
popular, have sought to reduce the routine at- 
tention demanded by the storage battery. To- 
day's battery requires only the occasional ad- 
dition of distilled water. Keeping the battery 
"up" is automatically accomplished by a trickle 
charger. By a study of the demands on storage 
batteries used by a wide variety of radio owners, 
sufficient data have been collected to accomplish a 

storage battery -trickle charger combination which 
needs only slight attention. 

TABLE II 

NAME OF UNIT WATTS 
INPUT PRICE 

MAX. NUMBER 
OF TUBES UNIT 
CAN SUPPLY 

TYPE RECTIFIER 
USED IN 

CHARGER 

SIZE 
LxWxH 

Acme A power $35.00 10 Tube 11áx7x9! 
Autopower 22 35.00 10 Copper oxide 11 x6x91 
Basco A power 35 40.00 12 Tube 121x51x10 
Compo 26 42.50 8 Tube 101x51x81 
Exide Radio Power 17 31.90 10 Tube 11x5,qgx9 
Philco A Socket Power (603) 32.50 Electrolytic 121x91x7s 
Unipower- AC-6 -K 
Universal 

24 39.50 
32.50 8 

Electrolytic 
Dry disk 

111 x716sx10 8x8x7} 
Vesta A Power 37.50 Dry rectifier or 

electrolytic 
9;x7$x91 

Greene -Brown 29 30.00 10 Tube 8;x3Hx101 
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circuit to the B -power unit so that this unit is 
automatically disconnected. The " Autopower" 
requires no attention except the occasional ad- 
dition of distilled water to the battery. 

WHAT THE UNITS CONTAIN 

THE Basco A -power unit contains in a single 
case the storage battery, the rectifier, an 

automatic relay (similar to the type just de- 
scribed above), an emergency switch, trans- 
former, fuses, and a terminal board. The battery 
is an all -glass Exide unit with a capacity of 45 
ampere hours. It is equipped with colored in- 
dicator balls to show the condition of charge. 
A thin film of oil on the surface of the electrolyte 
prevents undue evaporation and also prevents 
spraying and corroding of battery terminals. 
This battery has a large water space and the 
ordinary user will not have to add distilled water 
oftener than every half year. The Basco A unit 
is connected to the receiver just as if it were an 
ordinary battery and when the receiver is turned 
on,' the current from the battery flows to the 
tubes and at the same time passes through an 
automatic relay which closes a circuit and makes 
I Io volts (for your B -power unit) available at a 
plug on the side. When you are through using 
the set, turn off the switch. The relay automati- 
cally opens the B -power unit circuit and puts the 
battery on charge. A Raytheon "A" rectifier is us- 
ed as the charging rectifier. This rectifier has the 
advantage that its rate of charge automatically 
decreases as the battery becomes charged. Danger 
of overcharging is decreased. The "emergency" 
switch mentioned above is used to recondition the 
battery after it has stood idle for some time. Turn- 
ing this switch recharges the battery at a high 
rate and inconvenience is reduced to a minimum. 

A 35- ampere hour battery in a composition jar 
with a special cellulose moisture -proof pad on 
top of the plates and a paste electrolyte are 
features of the Compo A -unit. An eye -dropper 
full of distilled water in each cell about every four 
months is all the attention the unit requires. 
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Three rates of trickle charging are available: 
0.2, 0.4. and o.6 amperes. 

The Exide model 3A 6 -volt A -power unit is 
designed to supply constant voltage direct cur- 
rent for the operation of the filaments of the 
tubes in any standard radio set. It comprises a 
storage battery and trickle charger with three 
taps, each affording a different charging rate. 
This rate depends, of course, on the number of 
tubes in the receiver and the number of hours the 
set is used. The battery is a standard Exide unit 
of excellent design and construction and con- 
tains ample space for excess electrolyte over the 
tops of the plates, thus making necessary the 
addition of distilled water only once or twice a 
year. The makers recommend it be used with the 
Exide master control switch which contains an 
extra plug for the a.c. supply for a B -power unit. 
The unit has a visible charge indicator consisting 
of two small colored balls so that the condition of 
the battery can be told at a glance. The entire 
unit is contained in a nicely finished sheet steel 
enameled case, fitted with two carrying handles. 

The Philco A socket -power unit also affords a 
dependable source of filament potential. Philco 
has refined this unit in many ways during the 
last year to make it entirely fool -proof and eco- 
nomical in operation. The model603A power unit, 
listed in Table II, consists of a high -efficiency 
transformer and rectifier with a battery espe- 
cially designed for trickle charging service. The 
battery has unusually thick plates and separators. 
Spray -proof construction, preventing the leakage 
of electrolyte from the battery, and the built -in 
state -of- charge indicator, are two important im- 
provements. These heavy plates and separators 
insure long life and freedom from the danger of 
internal short -circuit. Without the built -in 
Philco indicator there would be no simple means 
of determining the condition of the battery ex- 
cept through the use of a hydrometer and when 
it is used there is always the possibility that some 
acid will be spilled, incurring the righteous wrath 
of the housewife. Special vent -caps have been 

A PHILCO UNIT 
This Philco unit incorporates several interesting features among which are a visible indicator of the 
state of charge of the battery and special vent caps on the battery which absolutely prevent any 
acid from leaking out of the battery. These vent caps do not have to be removed in order to add 

water to the battery 
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incorporated in the Philco units which make 
possible the addition of water to the battery 
without removing them. And water need not be 
added to these cells oftener than twice a year. 
Water will flow down these vent -caps, but it is 
impossible for any of the enclosed acid to leak 
out. In normal operation the vent -caps need 
never be removed. Philco units employ an 
"economizer" which permits the user to adjust 
the charging rate to the lowest current consump- 
tion which will, at the same time, keep the bat- 
tery properly charged as shown by the visual 
indicators. By using the lowest possible rate, 
gassing of the electrolyte is prevented, and this re- 
duces the frequency with which water need be 
added. Three charging rates are available with a 
"booster" rate for emergency use. The batteries 
are in a glass container. Philco units can be had 
for operation on 25- 30- 40- 50- or 6o- cycle a.c. 
Type A6o3 is designed to supply up to six tubes 
and type A -36 is designed to supply up to ten 
tubes. The latter type contains a dry trickle 
charger which provides three rates: o.25, 0.5, 
0.26 amperes and a 1.0- ampere rate for booster 
service. 

The Unipower type Ac-6K provides, accord- 
ing to its makers, three unique features. First, a 
" Kathanode" cell construction which insures 
long battery life; secondly, an automatic cut-off 
in the rectifier cell which suspends charging 
if the user fails to add water when necessary, and 
third, five charging rates with a high rate of 11 
amperes -meeting the requirements of all grades 
of receivers. 

In the " Kathanode" design, porous glass wool 
mats are fitted against the positive plates to 
prevent the shedding of active material which 
frequently occurs if the battery is overcharged. 
The glass mats, by capillary action, draw fresh 
acid to the plates, increasing efficiency. The Uni- 
power, cased in rubber, contains three " Katha- 
node" constructed battery cells, a rectifier cell, 
a transformer, as well as the essential switches, 
terminals, and connections. All these cells are 
watered at once and the rectifier is designed so 
that when the level of electrolyte exposes the 
tops of the cell plates, the charging current is 
automatically cut off until water is added. The 
makers feel this safeguard is essential to the 
proper operation of the battery. On the front of 
the unit, a dial regulates the charging rate, which 
ranges from 0.25 to 1.5 amperes in five steps. 

A Rectox dry disk rectifier is used in the Uni- 
versal A -power unit. The 36- ampere -hour battery 
is assembled in a three -compartment glass jar 
with mounted hard rubber covers. This A -power 
unit has a visible state -of- charge indicator, and 
the whole device is supplied in a steel container. 

One of the first battery- trickle charger com- 
binations received in the Laboratory in which 
glass was the container was the handsome Vesta 
A -power unit. Vesta now makes two A -power 
units, one containing an electrolytic trickle 
charger and the other a dry trickle charger. A 
visible charge indicator shows the state of the bat- 
tery; when the three colored balls float at the top 
of a small compartment, the battery is fully 
charged and as the charge decreases, one ball 
after another gradually sinks to the bottom of 
the compartment. The Vesta unit has a socket 
into which the a.c. plug for the B socket -power 
unit may be plugged. 

So the A -power devices of 1927 look and per- 
form very differently from the indiscriminate 
units with which the radio user of some years 
ago was content. If a variety of A -power devices 
are offered the purchaser and he does not know 
what type to use, he should ask his local dealer to 
install them in his home so he can easily choose 
the one which best fits his own needs and his 
local conditions. 
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A NEW BROWNING -DRAKE RECEIVER 
The new Browning -Drake receiver shown above is to be described constructionally next month. It has been designed for complete 
a.c. operation although batteries may be used if desired. This first article discusses the various a.c. tubes suitable for the purpose 

Electrifying the ) rowningoDrake 
A i1 iseussion of the New A. C. Tubes and How They May 
Be Incorporated in a New Design Browning-Drake Receiver 

By JAMES MILLEN 
WITH the availability of really good a c. 

tubes, another and important step 
toward the ideal radio set is made. 

With the a.c. tube, no storage battery or A -power 
unit is required. All that is necessary is merely 
a compact little transformer for decreasing the 
line voltage to a suitable operating value. As 
far as actual performance is concerned, the new 
a.c. tubes are essentially the same as the well - 
known 201 -A or 301 -A type tubes. The person 
with a set equipped with standard tubes will 
not improve the performance of his set by chang- 
ing it over for a.c. tube operation. If his storage 
battery, charger, and tubes are in good condi- 
tion, there is nothing to be gained by such a 
change. lf, however, the batteries have about 
run their useful life, or if the charger has died of 
old age, the new tubes offer a number of worth- 
while attractions to the home constructor. First, 
they open new fields for experiment; second, 
they enable him to build a completely lamp - 
socket operated receiver for less money than a 
battery operated receiver with its associated 
storage battery and charger, and at the same time 
there results a receiver somewhat simpler to 
maintain. 

Once a few of the little tricks of the use of a.c. 
tubes are acquired one will have no difficulty in 
constructing any of the popular circuits for a.c. 
operation or in replacing old tubes in any 
standard receiver with new a.c. tubes. Perhaps 
the best way of acquiring this knowledge is to 
carefully follow the details in connection with 

the construction of some popular circuit for use 
with the new tubes. With this in mind, we have 
selected the Browning -Drake as one of the most 
popular receivers which has been described in 
past issues of RADIO BROADCAST, and have re- 
designed it not only for complete a.c. operation, 
but also to incorporate the latest ideas on layout, 
audio amplification, and other slight modifications 
of the original Browning -Drake circuit. Further- 
more, the set has been so designed that it may, if 
desired, be wired for battery operation where the 
constructor is not so fortunately situated as to 
have a.c. on tap. The photograph gives an 
idea of how the completed receiver looks. Com- 
plete construction data on this set will be given 
in the next article. In this article we will consider 
some of the general problems involved in the 
use of a.c. tubes. First of all let us consider the 
different a c. tubes available for all but the last 
audio stage. The last audio, or power tube, be 
it of the 112, 171, or 210 variety, may be oper- 
ated on raw a.c. just as well as on batteries. No 
special a.c. tube is required, therefore, in the 
last audio stage. 

It will be seen from the table on the next page 
that the a.c. tubes may be divided into two gen- 
eral types, i. e., those using a low- voltage high - 
current filament, and those having a separate 
heater element. The heater type tubes are better 
suited as detectors than the filament type, but 
either type are about equally well suited as radio 
and audio amplifiers. Since the heater tubes are, 
in general, more expensive and have shorter lives, 

it is advisable to restrict their use to the detector 
socket. 

The different filament heating transformers 
available are mostly designed for direct opera- 
tion with the RCA -Cunningham tubes without 
the use of rheostats or other resistors. The volt- 
age taps on some of the transformers available 
at present are: 

MANUFACTURER 
Amertran 
Dongan 
General Radio 
Modern 
National 
Silver- Marshall 
Thordarson 

TAPS (IN VOLTS) 
1.5, 2.5, 5.0 
1.5, 2 5, 5,o 

2, 3.5, 5.o, 7.5 
1.5, 2.5, 5,o 
1.5, 2.5, 5.o 
1.5, 2.5, 5.o 
'.5,2.5,50 

When a.c. tubes of other manufacturers are 
used with transformers having the proper taps 
for the RCA- Cunningham tubes, special rheo- 
stats made by General Radio and Carter should 
be used in the low -voltage transformer leads. 
When tubes of the Armour -Van Horne type are 
used throughout, then two short lengths of re- 
sistance wire with a total resistance of about 0.1 
ohms should be inserted in the leads to the 
detector and audio amplifier tubes so that they 
operate at a slightly lower voltage than the radio - 
frequency amplifier tube. Several manufacturers 
make special resistors for just this use. 

Where the Kellogg tube is used only as a de. 
tector, the 2.5 -volt filament transformer winding 
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will be found just right. Where Kellogg tubes are 
used throughout, then the 1.5 -and 2.5 -volt wind- 
ings should be connected in series (that is, so 

that their voltages add rather than subtract) 
to give 4 volts which may be dropped down to the 
desired 3 volts with a suitable rheostat or fixed 
resistor. The filament voltages required by any 
of the tubes are far from critical and the tubes 
will be found to perform excellently with voltages 
considerably below the rated values. Operating 
the detector at a lower voltage often results in 
almost complete elimination of any hum. If 
the heater voltage of a UY -227 detectar is exces- 
sive, the set will cease to regenerate, and, in fact, 
practically stop operating. Generally, about 2.2. 
volts seems to work best with the 227's when used 
as detectors and a six -inch length of wire from 
an old -ten ohm rheostat, in series with one of 
the 2.5 -volt transformer leads, will give this lower 
voltage. 

The 1.5- and 2.5 -volt transformer windings 
should not be center -tapped as potentiometers 
located close to the tube sockets are necessary for 
the best results. The 5 -volt winding for the 
171 or the 7.5 -volt winding for the 210, however, 
may just as well have a center tap and thus 
eliminate the need for one potentiometer. The 
detector and the power -tube filament circuits 
should be wired with No. 18 equivalent rubber 
covered twisted wire. The proper size wire for the 
radio and first audio stages, containing high - 
current tubes, may be determined by estimating 
the total current drawn by these tubes from the 
table of characteristics and then selecting a wire 
that will carry such a current from the table 
below. In the case of the Browning -Drake re- 
ceiver using RCA tubes, No. 18 may be used, 
but if the Van Home-Armour type tubes are 
used, then No. 16 will be necessary. The follow- 
ing table gives the current- carrying capacity of 
rubber covered copper wire: 

WIRE SIZE 

14 

16 

18 

20 

CURRENT 
II amperes 
6 

3 

1.5 

THE R. F. AMPLIFIER 

EITHER the heater or the filament type of 
tube will work well in the radio stages, but 

because of its longer life, lower cost, and simpler 
connections, the filament type is generally to be 

preferred. There is, however, one real advantage 
that the heater types have over the filament 
types when used with some cir- 
cuits, and that is lower inter - 
electrode capacity, which often 
facilitates neutralization. The fila- 
ment type a.c. tube may be 
employed in the r.f. stage of a 

Browning -Drake receiver with 
materially improved results over 
those obtained with the customary 
199 type tube. 

While frequently no negative 
grid bias is employed on the r.f. 
tubes in a battery operated re- 
ceiver, the use of this bias is es- 
sential with the a.c. filament type 
tube. This biasing voltage may 
be obtained from a C battery or 

by utilizing the voltage drop across a suitable 
resistor which can also provide the bias for the 
first and second audio-frequency stages. 

The optimum r.f. tube plate voltage for mini- 
mum hum does not seem to be at all critical and 
the 671 -volt tap on the average B supply unit 
gives as good results as any, with less tendency 
for the radio-frequency stage to oscillate than 
when the 90 -volt terminal is used. The C bias 
on the r.f. tube should be a little more negative, 
for a given plate voltage, than on the a.f. stages. 
The use of a somewhat lower plate voltage on 
the r.f. tube than on the a.f. tubes permits the 
use of the same C voltage on both the audio- 
and radio-frequency tubes. 

The use of a.c. tubes and a B power unit make 
two of the forms of volume controls considered 
more or less standard with battery operated 
receivers -the r.f. filament rheostat and the 
variable series resistor in the r.f. plate circuit - 
unsuited for the electric receiver. There are, 
however, at least two other systems of volume 
control which will give satisfactory results. One 
is a variable antenna coupling coil, and the other 
is a variable resistor across the primary of the 
r.f. transformer. By this means it is possible to 
control the volume by varying the r.f. input to 
the detector circuit. 

A potentiometer across the filament circuits 
of both the radio and first audio stages must be 
employed. As the voltage is low, this unit may 
be a 3o-ohm rheostat with a third connection 
made to the "open" end of the winding. As this 
potentiometer may, from time to time. require a 

minute change of adjustment, it is well to locate 
it in some convenient place on the sub- panel. 
The potentiometer should not in general be 
mounted on the front of the panel, as for best 
results it must be hung directly across the fila- 
ment leads at about an equal electrical distance 
from all the tubes. The adjustment of this poten- 
tiometer is quite critical, and a very slightly 
different setting is frequently required at night 
than during the day in order almost completely 
to eliminate all the hum -and the hum can cer- 
tainly be reduced to a very low order if the re- 
ceiver is carefully constructed and adjusted. 

A. C. TUBES IN THE AUDIO AMPLIFIER 

AS THERE is nothing to be gained by the 
use of the more expensive heater type tube 

in the first audio stages, the filament type is to 
be recommended. As already mentioned, the one 
potentiometer and grid bias resistor serves 
both the radio and the audio stages. In the case 

A. C. TUBES 

Heater Type 
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of the ux -226 (cv -326) tubes with 90 volts on 
the plate, the grid bias should be adjusted until 
the drop across its terminals, as measured with a 
high- resistance voltmeter, is about 6 volts. In 
the case of the Browning -Drake receiver to be 
described in detail next month, a fixed 50o -ohm 
wire -wound resistor is used to obtain C bias and 
this value of resistance is just right. Any of the 
several different forms of audio amplification may 
be employed with excellent results. 

Where the grid bias for several stages is ob- 
tained by taking the voltage drop across one re- 
sistor, as in this case, then the use of a "grid 
return filter" in each stage is recommended and 
such filters have been used in the a.c. Browning - 
Drake receiver. These filters merely consist of a 
o.i-megohm resistance and a i-mfd. condenser 
connected so as to prevent any of the audio- 
frequency currents from flowing through the 
grid bias resistance. In the last or power stage, 
the 171 is recommended as the tube best suited 
for home use. A 2000-ohm wire -wound resistor 
will automatically provide the proper grid bias 
for this tube regardless of the plate voltage, 
within reasonable limits. A loud speaker pro- 
tective device to eliminate the direct current 
from the loud speaker windings should be em- 
ployed. 

THE DETECTOR 

WH I LE either form of a.c. tube may be used 
as a detector, the uY -227 type of heater 

type tube has several advantages over the fila- 
ment type. First, the a.c. hum can be, for all 
practical purposes, entirely eliminated. The 
hum from a filament type a.c. tube is not what 
could in any way be termed objectionable, yet, 
it is there. The heater tube may be used with 
either a grid -leak condenser arrangement or with 
C bias, whereas. the 226 type of tube, while it 
will function quite well with a grid -leak condenser, 
is better suited for plate rectification. Plate recti- 
fication, however, is not as sensitive as the grid - 
leak condenser arrangement and its use in con- 
nection with an all a.c. operated receiver also 
leads to other complications. The Kellogg a.c. 
tube may be used as a detector with excellent 
results. 

In using the heater type tube as a detector, 
either a negative or a positive bias of about 4o 
volts or so should be applied to the heater ele- 
ment by means of a potentiometer. In some in- 
stances a positive bias seems best and in others, 
a negative, and either of these biases are readily 
obtainable from the 4o-volt tap supplying C bias 

to the power tube or the plus 

45 -volt tap for the detector. The 
adjustment of this bias voltage 
is not at all critical, and once 
set, will require no further atten- 

NAME Er If IP RP M Gm EP Eg 

C -327 2.5 1.i5 4.2 8600 7.8 905 90 -4.5 
UY -227 2.5 1.65 3.5 10350 8.7 86o 90 -4.5 
McCullough 3.o 1.o 4.2 9400 8.6 870 90 -4.5 
Sovereign 3.o 1.5 4.6 9100 8.5 935 90 -4.5 
Marathon 5.5 1.0 4.2 9500 7.3 775 90 -4.5 
Arcturus 15.0 0.35 3.1 12150 10.5 870 90 -4.5 
Magnatron 2.5 1.5o 4.6 8700 9.3 1070 90 -4.5 

Filamel t Type 
cx -326 1.5 1.05 4.6 9000 8.5 935 90 -4.5 
Ux -226 I.5 1.05 4.4 9150 8.7 950 90 -4.5 
Armor 1.o 2.4 3.8 11200 7.8 690 90 -4.5 
Van Horne 1.o 2.0 4.4 9000 9.o moo 90 -4.5 
CeCo 1.5 1.05 2.8 14200 9.2 730 90 -4.5 
Magnatron 1.5 1.05 4.0 10800 8.8 830 90 -4.5 

Er = Filament Volts 
EP = Plate Volts 
Eg = Grid Volts 
Ir = Filament Current 

1p = P ate Current 
RP = Plate Resistance 
M. = Amplification Factor 
Gm = Mutual Conductance 

tion. In fact, a fixed resistor with 
center tap, such as the type 438 
General Radio, will serve the pur- 
pose excellently. This resistor is so 
designed as to mount directly on 
the terminals of the detector tube 
socket. 

In a second article which will 
appear next month, constructional 
details and adjustment sugges- 
tions on the a.c. Browning -Drake 
receiver will be given. 




