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The Standard Tube for all makes 
of Radio Receiving Sets 

IT 
is the Vacuum Tube that has made possible 

the broad and far -reaching application of radio 
telephony, and that plays the most important part 
in the operation of your receiving set. 
Radio messages from government leaders -from the 
heads of the world's greatest educational institu- 
tions or from those who stand foremost in the arts 
of the world will serve to bring the human race 
into closer contact. 
Cunningham Vacuum Tubes, standard for all makes 
of receiving sets -built by one of the world's largest 
manufacturers with unlimited resources -are the 
product of years of manufacturing experience and 
the creative genius of the engineers of that great 
scientific organization, the Research Laboratory of 
the General Electric Company. 
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PATENT 
NOTICE 

Cunningham tubes arc 
rorered by patents dated 
2- 1R -0R, and others 
issued and pending. 
Licensed for amateur, 
experimental and enter- 
tainment use in radio 
communication. 
Any other use trill be 
'n infringement. 

The care and operation of each model of Rewiring 
Tube is fully explained in our new 40 -palle "Radio 
Tube Data Book." ('opus may be obtained by 
sending ten cents to our San Francisco oDice. 

HOME OFFICE: 
182 Second Street 154 W. Lake Street 
SAN FRANCISCO CHICAGO 

30 Church Street 
NEW YORK 

* Tested and approved by RADIO BROADCAST * 

PRICES ON 
CUNNINGHAM 
RADIO TUBES 

Now in Effect 
C- 301A -5 Volts 1 -4 
Ampere filament. $5.00 
C- 299 -3 Volts .06 
amp. Dry Battery Det. 

Amp. $5.00 
C -300 -5 Volts Gas 
Content Detector $ 5.00 
C- 11 -1.1 Volts. .25 
amp. Dry Batter Det. 
and Amp. Special Base 

$5.00 
C- 12- Similar to C -11 
with standard base , 

$5.00 
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Pioneers in the 
development of 
sound reproduc- 
ing and ampli- 
fying equipment 

Zinn Quncirzg 
the greatest i/i recent contribution 

to rzdía (-N.1 

two important features -a VolumeCon- 
trol, and reduction of current consumption 
to a point where it need no longer be taken 
into consideration. 

Volume 
Control 

HIS instrument sets a new and higher standard of adapt- 
ability, refinement and also economy of operation. By means 

of the new Volume Control, reproduction can be adjusted at 
any degree from very loud to very soft. 

R3 -(As illustrated) with Volume Control $35.00 
R2 (New Model) with Volume Control . 50.00 
M1- Requiring no battery for its operation 35.00 

Magnavox Reproducers, Power Amplifiers and Combination Sets may 
be had of good Dealers everywhere. Write for catalog. 

THE MAGNAVOX CO., OAKLAND, CALIF. 
New York Office: 370 SEVENTH AVENUE 

Canadian `Distributors: Perkins Electric Limited, Toronto, Montreal, Winnipeg 

MAGNAVOX PRODUCTS 
There is a Magnavox for every receiving set 

5R 
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New Equipment 

Samson Audio Transformer. A rugged transformer 
employing the helical winding, which avoids the 
necessity for paper insulation between layers, thus 
reducing the capacitance effect. Made by Samson 
Electric Company, Canton, Mass. Price $7.00 

Benjamin Cushion Socket. 
The tube holding element of 
this socket floats on light 
springs which serve as shock 
absorbers and as the links in 
the tube connections. This 
feature neutralizes vibration 
giving clearer reception and 
protecting the tube. Made 
by The Benjamin Electric 
Mfg. Co., Chicago, Illinois 

Duplex Compact Precision Condenser. An efficient 
instrument combining the advantages of large maxi- 
mum and small minimum capacity, small size, and 
elimination of unnecessary insulating material. Made 
by The Duplex Engine Governor Co., Inc., Brooklyn, 
New York. Prices from Loo to $4.00 according to size 

The Champion Stackable 
B battery. A develop- 
ment which allows the 
user to add voltage units 
conveniently without us- 
ing additional table sur- 
face. This construction 
lessens the possibility of 
short -circuiting. Made by 
Ayres Battery Corpora- 

tion, Cincinnati, Ohio 

Atwater -Kent Loudspeaker. A quality 
instrument. The clear reproduction of 
the received signal and the careful 
workmanship give great satisfaction. 
Made by Atwater-Kent Mfg. Co., 

Philadelphia, Pa. 
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"THE STANDARD OF COMPARISON" 

Most Selective Receiver Known 
tI LTRFID)PE 

Send for the 32 -page illus- 
trated book giving latest 
authentic information on 
drilling, wiring, assem- 
bling, and tuning 6 and 8 
tube Ultradyne Receivers. 

50c. 

7lle Inzaroved 
SUPER-HETERODYN 

Employs "Modulation System," an entirely 
new principle of radio reception just developed 
and perfected by R. E. Lacault, A. M. I. R. E., 
technical editor of Radio News and formerly 
Radio Research Engineer with the French Sig- 
nal Corps Research Laboratories. 

This principle is of such a basic character that 
the sensitiveness is increased over that of any 
known receiver. Weakest signals are made to 
operate the loud speaker. Results secured by 
the Ultradyne exceed by far those obtained 
with Reflex, Super -Regenerative, Neutrodyne, 
and even with the well -known Super- Hetero- 
dyne. This is true in regard to selectivity, 
range, signal audibility, simplicity, and general 
efficiency, 

The "Modulation System" is employed exclu- 
sively in the Ultradyne, the improved and 
simplified Super- Heterodyne. 

Write for descriptive circular 

PHENIX RADIO CORP. 
5 -7 Beekman St. New York City 



QArmoyag Our J1uthors 
HENRY J. PECK has painted our cover 

this month. Mr. Peck is a newcomer 
to the radio field. He has a studio perilously 
near Greenwich Village, which be it known, 
is in New York. 

WILLIAM H. CARY, JR., was not so 
long ago one of the guiding voices 

behind the editorial microphone at RADIO 
BROADCAST. He 

W. II. CARI', JR. 

is now travelling 
on the Contin- 
ent and writes 
from Isles d' 
Heeres, France: 
" I've just slip- 
ped down to this 
attractive place 
where the sun 
shines and the 
sea is a dancing 

blue. Pine forests, ruined forts, fishing craft 
in the tiny harbor, old Hostellerie Provençale 
-excellent 
food and room 
overlooking 
the bay and 
the sunset. 
`Fairenough'." 

JENNIE 
IRENE 

MIX whose 
department, 
"The Listen- 
ers' Point of 
View" began 
in our April 
number, is a novelist as well as a magazine 
and newspaper writer. In 1920 she pub- 

lished At Fame's 
Gateway. She is at 
present syndicating 
a series of articles 
called "When You 
Hear Music " to va- 
rious newspapers. 
She is now in Toledo. 
Ohio, listening -in on 
radio programs and 
writing about them. 

JF,NNII; IRENI? MIX 

© Underwood & Underwood 

G. Y. ALLEN 

GEORGE F. 
WORTS began 

his career as a wire- 
less operator on the 
Great Lakes before 
the days when op- 

erator's licenses were "granted," and since 
then operated and fiction -free -lanced on the 
Pacific Coast on freight and passenger 
ships in quite romantic fashion. For the 
last eight years his name has been quite 
familiar to readers of many of our contem- 
poraries in the fiction field. "My First 
S O S" is not fiction. 

GEORGE Y. ALLEN is technical as- 
sistant to the manager of the radio 

division of the Westinghouse Electric Com- 
pany in New York City. "I have been 
connected with radio ever since the old 
United Wireless days," writes Mr. Allen, 
"and among other things, helped win the 
war by fighting the Battle of 17th Street 
and B, Washington." 

ARTHUR VAN DYCK is an engineer 
with the Radio Corporation and is 

another old timer. One of his most in- 
teresting radio experiences, he says, was 
experimental work he did with Dr. Reginald 
Fessenden at the old Brant Rock station in 
Massachusetts. 

BOWDEN WASHINGTON built his 
first radio transmitter and receiver in 

1903 and has 
been active in 
radio ever since. 
In 1915, he was 
assistant to 
Doctor Pierce 
in equipping 
Cruft Radio 
Laboratory a t 
Harvard. He is 
now Vice- Presi- 
dent and Chief; 
Engineer of Cut- 
ting and Wash- 
ington, with 
headquarters in Minneapolis. 

BOWDEN WASHINGTON 

ROBERT H. MARRIOTT has not been 
able to break away from the Pacific 

Coast, from whence he sends us this inter- 
esting account of the "old days" on the 
Pacific. 

K URT Hildesheimer is a young German 
at present living in Berlin who does 

quite well,we think, in a foreign tongue. He 
is experimenting there and writing about 
radio. 
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RADIO FREQUENCY AMPLIFICATION with the BALLANTINE VARIOTRANSFORMER 

How to get increased distance 
with your crystal set 

with BMutiîIw 
VARIOTRANSFORMER 

UNITS 

YOUR 
crystal set is the starting 

point on which to build a good dis- 
tance receiver. For authorities agree 
that there is nothing finer than a good 
crystal for clean -cut detection -not so 
loud as a tube, perhaps, but much 
clearer. Simplicity itself is the crystal. 
And its improved modern forms and 
mountings make adjustment easy. By 
all means, keep this element with 
which you are already familiar. 

Use tubes to best advantage 
Tubes, of course, are needed for ampli- 
fication-to build up weak distant 
signals so that they may operate your 
crystal detector. But, by putting your 
money for tube equipment into one or 
more stages of radio frequency amplifi- 
cation, tuned With BALLANTINE VARIO- 
TRANSFORMER Units, you will get 
increased distance. And with this 
method there comes a greater selectiv- 
ity, accompanied by a reduction of 

Complete radio frequency 
amplifierunitwith$ 00 socketandrheostat 15- 
Transformer only $9,60 
for panel or base 

At dealers or postpaid 

ANT. 

CRYSTAL 
i DETECTOR 

TEL. 

6ND. 

Present hook -up 
tunes broadly 

UModel 5 
ANT. R,i APUNER UNIT 

°Nai 
illF .A B 

Revised hook -up 

interfering noises. In fact, BALLANTINE 
amplification into a crystal detector 
may be made as clear as a victrola. 
Furthermore, the full possibilities of 
your tubes may be developed without 
annoying your neighbors. 

Easy changes quickly made 
The above diagrams show how one 
popular make of crystal set can be 
brought up to date quite readily -only 
a slight rearrangement of wiring to hook 
in the first BALLANTINE Unit. And it's 
just as easy with any other crystal hook- 
up. Additional BALLANTINE Units may 
be inserted from time to time. 
Try this instrument. Then, if there's 
anything you don't understand, our 
staff engineers will help you out. 

Booklet tells how to improve 
crystal sets 

"Radio Frequency Amplification with the 
BALLANTINE VARIOTRANSFORMER," is the 
title of our 25 -page booklet, packed with 
useful data, charts and diagrams. Send 

for your copy now. 

Y-ianata 
Pioneers in Bakelite Moulding 

324 Fanny Road, Boonton, N. J. 

RADIO FREQUENCY AMPLIFICATION with the BALLANTINE VARIOTRANSFORMER 

* Tested and approved by RADIO BROADCAST * 
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Keep dour Qe S COI 119JS 
SdfisFíed 

by alîninç yourself with a 
dependable radio jobber 

DISTRIBUTORS FOR 
Radio Corp :ratio of America 

Westinghous eral Electric 
Acme Atwater -Kent 

Baldwin Brandes Burgess 
Chelsea Cunningham 

Cutler - Hammer 
Dubilier Fada Frost 
Freshman General Radio 
Grebe Homecharger 

Murdock 
Remler Rhamstinc 

U.S. Tool Western Electric 

And other 
leading manufacturers 

PROGRESSIVE 
Radio Dealers in all 

parts of the country realize the impor- 
tance of handling strictly high grade radio 
materials and apparatus. This organization 
wholesales exclusively, -they represent only 
the leading radio equipment manufacturers, 
-their products are guaranteed,-they are, 
therefore, a dependable source of supply, 
and the type of jobber you should tie up 
with for your requirements. 

Your customers will be better satisfied, - 
your prestige will be constantly strengthened 
if you are able to carry ample stocks of the 
right kind of radio supplies at all times. 

Tieing up with Hommel Service will ab- 
solutely assure these results. 

Hommel Encyclopedia 246 -B gives complete details 

i t 
f 

11-1 t 

530-534 FERNANDO ST. 

- ` - ---F _ E u 
PITTS6URG1-1,PEIVNA 
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Designed to Meet a Popular Demand 

A NEW 5 TUBE 

MU- 
Jo, 

ÍiECEIVER 
MA-18 

Selective Sensitive 

Non - Radiating Single Control 
THE peak of Mu -Rad skill and ingenuity. 

Coast to Coast reception under proper con- 
ditions. Loud speaker reception on a thou- 

sand mile range, all wavelengths. Completely 
cuts out the strongest local stations. Surprising- 
ly simple control just one dial, the settings of 
which are always the same for each station, 
regardless of your location or type of aerial. 
Requires only a single wire antenna. 1 Tses either 
dry cell or storage battery tubes. Tubes and 
batteries last twice as long as in other 5 tube 
receivers, because the new circuit used permits 
burning tubes at low temperatures. Like other 
Mu -Rad Receivers the MA-18 towers above 
competition and imitation. 

Write for literature! 

SPECIFICATIONS 
Circuit 2 stages of R.F. 
Amplification, detector 
and 2 stages audio 
amplification-an en- 
tirely new circuit. 

Antenna -single wire - 
20 feet to 150 feet 
long. 

Cabinet Hand rubbed 
solid mahogany with 
rubber feet. 121 inches 
by 71 inches by 15 
inches deep. Engraved 
Formica Panel. 

Wavelength Range - 
230 to 550 meters - 
practically the entire 
broadcasting spectrum. 

PRICE $110 
(without accessories) 

M LI-RAD LFIBORATORIES.INC. 
803 FIFTH AVE. ASBURY PARK. NEW JERSEY 
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for the 

"Knock-Out" 
Circuits 

make sure 

that the 

transformers 

are 

For the One -tube Set you will 
need one AmerTran, Type AF -6. 

For the Two -tube Set you will 
need one AmerTran, Type AF -6 
(Turn ratio 5), and one Amer - 
Tran, Type AF -7 (Turn ratio 3-12:). 

For the Three -tube Set you will 
need one AmerTran, Type AF -6 
and two AmerTrans, Type AF -7. 

The AmerTran audio transformer 
has long been acknowledged the 
Standard of Excellence for audio 
amplification. It causes the tube 
to amplify in their proper pro- 
portion all the notes of a full 
orchestra -the full rich bass as 
well as the higher notes -and to 
reproduce speech with faithful 
articulation. 

Made in two types: 
AmerTran AF -6 (Turn ratio 5) 
AmerTran AF -7 (Turn ratio 32) 

Price, either type, $7.00 
At your dealer's 

American Transformer Company 
Designers and builders of radio transformers for over 23 years 

181 Emmet Street Newark, N. J. tl 3IE III0IIItA 

¡l¡p4jpit :'lì`: ñ: ̀z , .z{ 1S `"a 

Nl 

THE Audiphone began 
beyond the limits of the 
average "loud speaker." 
Radio acoustic engineers 
and phonograph craftsmen 
coordinated the tone prin- 
ciples of the finest phono- 
graphs with those of radio. 
The result is a NEW nat- 
uralness. Sensitive enough 
to perfectly amplify the 
weaker signals, and flexible 
enough to reproduce on a 
neutrodyne, superhetero- 
dyne or other multiple sets 
without rattle or chatter. 
Satisfaction or your money 
refunded. At most good 
dealers, or you can order 
direct, giving your dealer's 
name. 

Write for Illustrated Booklet 

ART MODEL 
Beautiful 

Antique Bronze 
Finish 

No extra 
batteries 
needed 

Complete, with 
connecting cord 

X30 
14 inch horn 

$5.00 additional 

Note the similarity of construction be- 
tween the phonograph reproducer (il- 
lustrated in the upper panel) and the 
reproducer of the O'Neil AUDIPHONE 
(below) : both have a mica diaphragm 

set in a sound -box chamber actuated 
by an elbow stylus bar. 

* Tested and approved by RADIO BROADCAST * 

ONeil Mfg.,Co. 
714 PALISADE AVENUE 

West New York New Jersey 
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KELLOGG RADIO 
p c OFF/C/AL SCORE BOARD 
911 CHICAGO 0100 2 I 

7 8 ST LOUIS O I 0 0 
910 NEW YORK 000Q..z, .Jl 
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BASEBALL SCORES BYRADIO 
SAY THE RADIO BUGS 

BASEBALL fans the country over will be counting on Radio 
this year more than ever before. Most Radio fans are base- 

ball fans. Every one of them should see that his new set of 
Kellogg radio parts is ready in time for the baseball scores. 

Get the sport records and scores quickest by Radio -build 
your set of Kellogg radio parts for dependability and economy. 

There is a certainty of satisfaction with Kellogg as shown by 
records of this equipment in use. Kellogg transformers rank 
among the best. To hear them in operation is to want them. 
Kellogg tube sockets give the utmost of service, while Kellogg 
switch arms and knobs are in a class by themselves for quick 
assembly, low resistance and satisfying operation. 

Kellogg variable and fixed condensers, variometers and vario- 
couplers are all designed and built to give the satisfaction which 
the word Kellogg expresses in the electrical apparatus field. Kellogg 
rheostats have but one movable part. They come in six and 
twenty -five ohm resistances, easily interchangeable. They are 
simple, yet vary in control on the half turn of the resistance element. 
Kellogg DX head sets are known wherever radio is in the air. 
They are built mechanically and electrically for long service, sen- 
sitiveness, extreme lightness in wearing, and handling does not 
affect their tuning. They have Kellogg solid bakelite shells and are 
furnished with the Kellogg famous receiver cords of which many 
hundreds of thousands are in use today in the telephone field. 
Kellogg radio parts are especially suitable in portable sets 
because of their strength and high class manufacture. They will 
stand rough handling as will no other radio equipment and yet 
have the range and afford the selectivity, in the limits of the 
circuits used, surpassed by none. 

If you don't want to bother to pick out the parts for your favorite hook- 
up buy one of our Radio Kits which include all the necessary and suitable 
parts including two stages of audio amplification ; you can select the 
tuning units, as you desire. 

This summer as never before radio will be heard in every summer 
resort and camp. See that your set is made of Kellogg radio parts. Specify 
Kellogg Radio - 

Use -Is the Test 

KELLOGG SWITCHBOARD 
SUPPLY COMPANY 

1066 West Adams St., CHICAGO, ILL. 
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ORLD 
LEADERS 

IN 
EVERY field of endeavor there is always a champion -a man, a product or a thing that takes the 

leadership, not by accident, but because of actual merit. In the new industry of radio, a leader has 
already arisen -Crosley Radio Receivers. 
There is nothing miraculous about the tremendous popularity of Crosley Instruments. They have taken 
their place at the top through proven performance, continually giving perfect satisfaction where, perhaps, 
radio disappointment had been purchased elsewhere at a much higher price. 
In new inventions, new simplified devices, and new ways and means of giving greater radio value at a 
lower price, Crosley has constantly led. As a result, the purchaser of a Crosley Radio Receiver knows 
that he is getting the last word in radio perfection. 
This is evidenced by the fact that Crosley is building more radio receivers than any other manufacturer 
in the world. 
Above are illustrated two good reasons for Crosley supremacy -the Crosley Trirdyn 3R3, and Crosley 
Trirdyn 3R3 Special. 
These instruments are the latest radio engineering triumphs -three tube sets giving five tube efficiency. 
They contain the following attractive features : Tuned Radio Frequency Amplification, Regenerative 
Detector reflexed back on the first tube, and an additional stage of Audio Frequency Amplification. 
They are non -radiating, thus entirely eliminating neighborhood interference. For ease of picking up new 
and distant stations, perfect and extreme selectivity, the Trirdyn is unexcelled. 
The only difference between the two models is in the size and style of the Cabinets. The Trirdyn 3R3 
Special is completely self- containing, having places for the necessary dry batteries, headphones, and other 
accessories. 
Over 200 experts have thoroughly tested the Crosley Trirdyn. Their opinions are one and the same. 
"There is no receiver to compare with it at any price." 

L :tensed under e4rmstrong degenerative Patent No. 1,113,149 
Before you buy see the Crosley line For sale by good Dealers Everywhere 

THE CROSLEY RADIO CORPORATION 
POWEL CROSLEY, JR., President 

Formerly The Precision Equipment Company and Crosley Manufacturing Company 
720 ALFRED STREET CINCINNATI, OHIO 

Crosley owns and operates 'Broadcasting Station WLW. 

Ni? 
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In radio the Neutrodyne is the ultimate for selec- 
tivity and clear, true reproduction, as well as for 

power and ease of operation. 

THOMPSON NEUTRODYNE 
means the best radio principle plus the engineering 
skill of an organization that has. been building radio 
and wireless apparatus for over fourteen years. 

The THOMPSON is -a factory-built-not an assem- 
bled-5-tube Neutrodyne. What this means to you 
can be demonstrated by any good dealer. Price $150 
without tubes or batteries. 

THOMPSON MAGNAPHONE 
is built upon an entirely new principle that gives 
purity of tone in any volume -yet no battery cur- 
rent is needed. The THOMPSON MAGNAPHONE is $35 
at all good dealers. 

R. E. THOMPSON MANUFACTURING CO. 
Manufacturers of Wireless Apparatus for the U. S. 
Army and Navy and numerous foreign governments 

150 NASSAU STREET ' NEW YORK, N. Y. 
FACTORY: JERSEY CITY, N. J. 

Licensed under Íiazeftine 
Patent Nos. 1,450,080, 

1,489,228 and other 
patents pending 

11111111111111111111 
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Improve your set with an 
k ACME 1owest loss" condenser 

`Because of low losses and sharp 
tuning practically all the currents on 
the antenna can now be used 

Which one is your 
tuning circuit 

the hump or peak? 
HERE are the curves of two tuning 

circuits The hump has a high loss 
condenser and the peak a low loss con- 
denser Both receive broadcasting, but 
the peak receives local and distant stations 
without interference, while the hump re- 
ceives only the nearby stations with inter- 
ference The new Acme Condenser will 
change your tuning circuit from a hump 
to a peak 

The Acme Engineers have been working 
for two years to bring out a condenser 
which would give to Radio experimenters 
sharp tuning and minimum losses. The 
new Acme Condenser has these fundamen- 
tal advantages and also has many new 
improvements in structure and equipment. 
See the illustration with explanation, and 
for more information write to us for bock 
let -" Amplification without Distortion," 
which contains many diagrams and help- 
ful hints on how to build and get the 
most out of a set. 

ACME APPARATUS COMPANY 
Dept 65 Cambridge, Mass 

1. Steel brass cone bearings adjustable. 
2. Lock nut for bearing. 
3. Highest grade hard rubber. Dielectric in that part of 

the field to prevent losses 
4. Brass separator to which both rotary and stationary 

plates are soldered, making continuous circuit for each. 
5. Brass silver plated plates, rotary plates logalogarithmic. 
6. Dust proof covering 
7. Stops at extreme end of movements 
8. Coiled connection between shaft and heads allowing 

lubrication of bearings. 
9. Brass separator to which both rotary and stationa:y 

plates are soldered, making continuous circuit for each. 
10. Counterweight which balances rotary plates 
11 Noiseless friction Vernier control seven to one ratio. 
12 Brass separators to prevent twisting and to take strain 

off Dielectric 
13 Panel Jnounting holds for 120 degrees spacing. 
14 Metal heads 
35 Steel bushing to prevent wear on Vernier shaft. 

All parts are of non -rusting metal. except steel bearing, 
which is covered with nickel -plated protective surface. 
End plate capacity is .000016 m f , full capacity is .0005 
m.f. Price $6 50 

CUT OUT AND SEND THIS COUPON r--------- 
J ACME APPARATUS COMPANY, 
1 Dept 65. Cambridge, Mass , U S A 

Gentlemen' I am enclosing 10 cents (U S. stamps or 
I coin) for a copy of your book, 'Amplification without 

Distortic n." 
Naine 

i Stroet 

L_. 

City State 

1 

ACME -for amplification 
* Tested and approved by RADIO BROADCAST * 
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WALLACE H. WHITE, JR. 
The author of the bill which proposes further to regulate radio communication in the United States. Among other 
things the bill contains stringent provision against monopoly in radio and provides for license fees to be collected by the 
Department of Commerce, ranging from $30o for transatlantic stations to fifty cents for an amateur license. Owners of 

receiving sets are not subject to a charge. Mr. White represents the second Congressional District of Maine 



t4iAY?8'24 
©C1a617,153 

RADIO 
BROADCAST 

Vol. 5, N0.2 June, 1924 

Can We Save Millions by Altering 
the Telegraphic Code? 

From a Close Study of the Plan Proposed by Major- General George O. 
Squier It Would Seem Possible. This plan deserves Serious Consideration 

By ARTHUR H. LYNCH 

OM EON E has been sleeping. 1 n fact 
so many of us have been sleeping that 
we've simply let a problem involving 
a saving of millions slip right by for 
more than seventy years* without 

troubling for a solution. Perhaps our noses 
have been so close to the picture as to distort 
our perspective. Major- General George O. 
Squier who told this story to me at the Metro- 
politan Club in Washington, D. C., a few weeks 
ago said : " The neglect on the part of the radio 
telegraph industry to alter its only product is 
a problem in psychology of sufficient magni- 
tude to warrant the study of a James." 

"Our automobile factories, for instance," 
continued the General, "are never satisfied with 
the product they turn out. Even though they 
spend veritable fortunes for machinery to make 
a certain type of car, whether it be a truck 
or a luxurious sedan, they go right on develop- 
ing new models. And they find it profitable. 

" More efficient cars, more efficient produc- 
tion methods, more rapid turnover and a 
greater volume of business usually result in a 
lower price and better service to the consumer 
and the demand continues to grow each year. 

*The present radio alphabet was adopted by the Vienna 
Convention for European Ianguages in Oct. 185 ; . 

" Can you imagine any automobile corpo- 
ration attempting to sell wheelbarrows pro- 
duced in factories capable of turning out the 
best -grade pleasure car in the world?" The 
General's eyes sparkled and the color rose in his 
cheeks as he continued : " That's exactly what 
we're trying to do in radio telegraphy -and 
they're flat -wheeled barrows at that. 

" WE ARE ASLEEP IN RADIO 

HY, just imagine how ridiculous it 
would be for a factory representative of 

any large company attempting to secure orders 
for his product from samples made in 1851 or 
thereabouts! 1 is preposterous. 

"Now, let me briefly outline for you what 1 

maintain is one of the greatest pieces of neglect 
in the entire communications art. Then, 
having told you of our short -sightedness. let me 
tell you what 1 think about solving the problem. 
Understand me, 1 do not maintain that my 
method of solving the problem is the best 
method, nor that it is impossible to improve 
upon it. All 1 want to do is to demonstrate the 
need for a revision of our radio, telegraph and 
cable traffic which will cause a great financial 
saving annually. Then 1 want to tell you how 
I believe it can be done. if my system can be 



96 Radio Broadcast 

improved upon, so much the better. All 1 

claim for it is that it is a step in the right di- 
rection. 

" Radio's function, or to be more exact, one 
of its present functions, is to transmit intelli- 
gence from point to point. In the case of 
ships at sea and aircraft it is the only 
method. When we send a telegram or a 
cablegram or a radiogram, we pay to have 
a small piece of paper, bearing a few char- 
acters, delivered to a person or persons some 
distance from us. The more messages we 
wish sent, the greater the number of little 
papers the company delivering them must be 
able to take care of satisfactorily. In many 
instances the lines between us and the person 
on the other end are heavily laden with mes- 
sages sent by other folks and our messages 
suffer a delay. 

" Something must be done to offset the delay. 
I t is sometimes necessary, because of the great 
volume of traffic to have a great many similar 
lines between two points to carry the heavy 
burden of traffic. Engineers, ever since electric 
signaling was discovered have studied the 
action of the machines used in transmitting 
and receiving this intelligence. They have 
made astounding improvements and have in- 
creased the speed of transmission many, many 
times. Why it was but last night that both 
you and I witnessed a transmission of a dot 
sent from the lecture room of the Cosmos Club 
to Warsaw and back again to Washington be- 
fore we could say Jack Robinson. 

" If we had suggested any such thing a few 
years ago people would have shaken their heads 
and have had grave doubts of our mental 
stability. But it was done before our very eyes. 

"Although my plan is not at all confined to 
radio but may be employed on the cables and 
telegraph and even the telephone lines, we will 
do well, for the purpose of explanation to stick 
to radio and the necessary changes for all forms 
of wire application will suggest themselves to 
most of your readers. 

" You know as well as I do that radio trans- 
mission, especially over long distances, such as 
between America and Europe is subject to cer- 
tain atmospheric disturbances during the sum- 
mer. Although engineers have made great 
strides in overcoming this interference there 
are many periods when it is necessary for the 
transoceanic traffic to be handled at very low 
speed and when it is necessary to have each 
word repeated two or three times. 

That means a severe crowding of the ether 
lane used by any two stations being used for 
intercommunication and the few available 
wavelengths preclude the possibility of doub- 
ling up the number of stations to offset this 
difficulty. 

" if we consider that for a definite period of 
unfavorable atmospheric conditions it were 
possible for us to double the speed of trans- 
mission during the favorable hours of each day. 
we would double the revenue of our system for 
that period. Further than that -you know 
that most of the messages sent from this 
country to Europe are important. Many of 
them have to do with ships, shipping, foreign 
exchange and so on. With each day, the 
importance of our communication with Europe 
becomes even greater. Offsetting by even a few 
moments in the delivery of a message sent by 
one of the large banks, like the Irving National 
or National City Bank to a bank in Germany 
or England may result in preventing a loss of 
thousands of dollars to American investors. 
Commerce to -day is on what manufacturers 
are pleased to term a production basis. Speed 
in communication is everything. 

" Manufacturers in most lines spend thou- 
sands yearly, attempting to lower costs of 
production by saving a little time here and 
little material there. Efficiency seems to be 
our war cry and it is just here that radio suffers 
by comparison with other industries. 

PRODUCING CAVE -MAN VEHICLES IN LIMOUSINE 
FACTORIES 

E'RE selling a seventy -year old model 
and turning it out in modern factories. 

We have million dollar factories on occasion 
covering many square miles for the sole pur- 
pose of sending dots and dashes. We have been 
in short, perfectly content to take things as 
we find them and make the best of it." 

Then the General took a long pull on his 
cigar, looked at the ceiling and exhaled the 
smoke slowly and thoughtfully. He smiled, 
sensing my unspoken question. 

"Oh, no!" he said, " 1 am not discounting 
any of the wonderful work the engineers have 
accomplished, either in the design of trans- 
mitters or receivers. 1 am merely saying that 
they have overlooked the little pieces of paper 
that carry the thoughts of one individual to 
another. 

"Their transmitters and receivers are won- 
derful. But the product of the factories must 



MAJOR-GENERAL GEORGE O. SQL1ER IZE1IRED) 
Who, since his retirement on January ist as Chief Signal Officer of the army after more than forty years of continuous 
service, has been indulging in long deferred plans to carry out experimental work in electrical communication engineering 
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TABLE I 

RESULTS OF INTERCHANGING THE SIGNALS FOR THE LETTERS "O" 

For International Morse: 
Present values of these letters: O- frequency in io,000, times length of signal . 

if M- ., ., if 

Values if interchanged: 
o -frequency in Io,000, times length of signal . 

Al- if if 

844 x 14 = 11816 
273 x 10 = 2730 

Total 

844x 10 
273x14 

14546 

= 8440 
= 3822 

Total 12262 
Gain as a result of interchange = 14546 - 12262 = 2284 units 

The new total for all letters would therefore he . 92534 
minus 2284 

00250 units 

I he ratio of the new value to the old value is 90250 : 015 44 = 1:1.025 
I he increase in speed expressed in percentage is 2.5t., 

For Squier Alphabet: 
Present value of these letters: 

O -frequency in io.eoo, times length of signal 
M- ., if d, 

Values if interchanged: 
O - frequency in 10,000, times length of signal 

if 

AND "M" 

844 x 4 = 3376 
273x3= 819 

Total 

. 844 x 3 
273.x 4 

Gain as a result of interchange = 4195 -3C24= ;71 

The new total for all letters would therefore be. . 

Minus 

4195 

= 2532 
= 1092 

Total 3624 
units 

35741 
571 

35170 units 

The ratio of the new value to the old value is 35170 : 35741 = 1 :1.016 
"I he increase in speed expressed in percentage is 1.6% 

The system described here by General Squier does not disclose the additional advantage to be gained by changing the 
code characters foi each letter of the alphabet. Some idea of the importance of such a revision may he seen from a con- 
sideration of "O" and "M ". Other letters may he similarly transposed, as the system provides, with an additional saving 

be the International Continental code and the 
code -well, I often wonder why its revision has 
not been taken in hand long ago." 

Here indeed was an interesting side light on 
this great industry of ours. 1 wondered too. 
The thought is not an entirely new one. 1 had 
thought of it several times during some of the 
long hours of a night watch, when at sea as an 
operator. It had occurred to me when the 
change was made from the American Morse 
Code to the Continental Code, shortly after 
American ships began carrying radio as a 
regular thing. I'll wager the same thought has 
occurred to thousands of radio men at ene time 
or another. The psychological analysis of this 
condition is, as the General puts it " worthy of 
a James. 

"That," continued the General, is my argu- 
ment, in a nutshell. I n this little pamphlet, 
a reprint of a short paper 1 delivered on 
this subject before the National Academy of 
Sciences last May, you will find the outline of 
one system which I am sure may be used to great 
advantage in any form of electrical signalling." 

"I'he following paragraphs, taken directly 
from the pamphlet, outline just what revisions 
of our code General Squier advocates and 
indicate some of the advantages he claims for 
such a system. 

CONSIDER THE CODE 

" I N TH E Morse alphabet we find the principle 
1. of different time units for dots, dashes and 

spaces, as the basic idea of the system. In 
Standard Morse a dash is three times the 

length of time of a dot, arid the spaces between 
letters and words are timed correspondingly. 

" These signals in International Morse (Con- 
tinental), are universally emitted into the ether 
from the transmitting antenna in the form of 
sudden interruptions in the antenna current, or 
sudden variations in this current. This method 
produces about the worst possible source of dis- 
turbances in the ether space for the reason, 
among others, that the disturbance has no 
regularity of any kind, and the speed of operat- 
ing the sending key has a marked influence on 
the whole phenomena. Present practice is 
drifting away from the complete interruption of 
the antenna current which is the worst from an 
interference standpoint, but even the present 
methods of irregular and sudden variations 
of the current are still a long way from the 
possible scientific solution. 

" I n 1915 the writer was considering t o 

general problem of improving the transmission 
system for submarine cables, and in connection 
therewith gave study to a new form of alphabet 
suitable to such a circuit. The system devised 
at that time may be described briefly as a 
continuous wave system: ` C. W. versus the 
`spark' system of the present cable practice. A 
method was developed of sending an unbroken 
alternating current through the cable, and 
means provided for interpreting this alternating 
current into intelligible signals. This system 
abandoned the Morse principle of different 
lengths of time for the signals as being funda- 
mentally inefficient, and adopted the plan 
that all individual signal units should occupy 
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equal lengths of time and have equal im- 
portance, whether they were dots, dashes or 
spaces. The signals were distinguished by 
varying the intensity of the individual sending 
elements, i.e., a dot, dash or space occupied 
equal time lengths, but were of different intensi- 
ties. The variation in intensity for signalling 
was effected at the transmitter at the zero phase 
of the resultant current flowing into the cable, 
so that, theoretically, at the moment of any 
operation upon the current there was no cur- 
rent to operate upon. 

" A point of fundamental importance in this 
method is that no two adjacent signals are of 
the same sign, since each semicycle is utilized to 
effect signaling, giving a dot, dash or space. 
Other things being equal, the variation in 
intensities for each of the three elemental 
signals are reduced to a minimum on the 
theory that the minimum possible change of 
the fundamental wave should be made. The 
reason for this is that an alternating current in 
the steady state, which amounts to a series of 
the present cable letters ` a' or ` n' strung to- 
gether without space, can attain a speed in any 
form of telegraphy many times greater than 
any practical system. A sinusoidal wave is 
transmitted through any form of electrical 
circuit without distortion of any kind, and, in 

99 

fact, is the only type of wave that is so trans- 
mitted. 

- 
bv1¿ ÿ.64..., .t 414 t *r ;k 

ARE TRANSOCEANIC RADIO STATIONS WASTING MONEY WITH A NEEDLESSLY SLOW CODE: 

The photograph shows the towers of the Radio Corporation of America station at Rocky Point, 
Long Island, which communicates with England, France, Norway, Poland, Germane, and Italy 
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TABLE 1I 

COMPARATIVE SIGNALING SPEEDS OF INTERNATIONAL MORSE AND 
SOU I ER ALPHABETS 

(Weighted according to the frequency of letters in telegraphic Eng- 
lish as given by Hitt, based on an actual count of Io,000 letters.) 

The following bases for comparison as regards spacing and length of signals are employed: 
(See page 22, Univeral blectrical Communications Union, Washington, 1920). 

Element 

Dot 
Dash 
Space between parts of same character 
Space between letters 
Space between words 

International 
Morse 

Squier 
Alphabet 

I unit 
3 units 
I unit 
3 units 
5 units 

I unit 
t unit 
0 unit 
I unit 
2 units 

Letter 

A 
B 

C 
D 

G 
H 

I 

J 

I 
L 
114 

N 
O 
P 
O 
R 
S 
"I' 

L' 

V 
W 
X 
Y 
7. 

Signals 
Frequency 
in ¡0,000 

Units in 
Int. Morse 

813 

149 
306 

417 
1319 
205 
201 
386 
71I 
42 
88 

392 
273 
718 
844 
243 
38 

677 
656 
634 
321 
136 
166 

51 
208 

6 

TOTALS I0000 

Units in 
Squier Alph. 

Weighted 
Int. Morse 

Weighted 
Squier Alph. 

8 3 6504 2439 
I2 I I 88 - 7 7 745 
14 5 4284 1530 
lo 4 4170 1668 
4 2 5276 2638 

12 5 2460 1025 
12 4 2412 804 
10 5 3860 1930 
6 3 4266 2133 

16 5 672 210 
12 4 1056 352 
12 5 4704 196o 
10 3 2730 819 
8 3 5744 2154 

14 4 11816 3376 
14 5 3402 1215 
16 5 6o8 190 
Io 4 6770 2708 
8 4 5248 2624 
6 2 3804 1268 

Io 4 3210 1284 
12 5 1632 68o 
12 4 1992 664 
14 5 714 255 
16 5 3328 to4o 
14 5 84 30 

292 108 92534 35741 

Add for spaces between words, 
1 0,000 let ters = 2,000 words 

GRAND TOTALS 

Average number of units per word 

3998 

96532 

48.266 

1999 

37740 
18.870 

Ratio = 48.266 : 18.870 =2.56 Squier Alphabet is 156r faster than international Morse 

Both tables were prepared under the direction of General Squier by Captain Friedman, Chief 
of the Code Section of the Signal Corps. It is the result of many months of research 
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Now /s ^ The Time 40 

(A) Dot -smallest amplitude. Dash -medium amplitude. Space -largest amplitude. 
(B) Space--smallest amplitude. Dot -medium amplitude. Dash -largest amplitude. 
(C) Dash -smallest amplitude. Space- medium àmplitude. Dot -largest amplitude. 

There are three other possible permutations of amplitudes not shown here. Ratio of amplitudes 
of signalling units arbitrarily assumed as 1: 2: 3. 

FIG. I 

HOW THE SQUIER SYSTEM WOULD WORK 

ASTILL more important point to be con- 
sidered is the transmission of the largest 

volume of telegraphic business with a minimum 
number of signals, and from this angle the new 
form of alphabet has most striking advantages. 

" Fig. I illustrates graphically this method of 
modulating a single- frequency wave, and shows 
the words `Now is the time' as they would be 
transmitted by this method, in which we 
arbitrarily assign the largest amplitude for a 
dash, the next size amplitude for a dot, and the 
smallest for the spaces between. 

It is well known that the sudden breaking or 
introduction of high impedances in an alternat- 
ing current circuit produces transient phe- 
nomena which results in a whole group of 
harmonics being transmitted. Add to this 
the practical condition of performing this 
operation upon a current ranging all the way 
from zero to hundreds of amperes, and it is 
easily seen that the ether of space is bombarded 
with a mass of frequencies never twice alike 
even in the same letter. l t is little wonder, 
therefore, that no method has yet been devised 
to prevent such a disturbance from interfering 
radically with the reception of radio signals. 
Entirely apart, therefore, from a gain of more 
than 15o per cent. in the transmission speed, 
from an interference standpoint the present 
method is about as bad as it could well be. 

"At present the radio engineer has utilized 
and made his own all of the audio -frequency 
range and at least several octaves of the radio - 

frequency range, and has devised apparatus 
for the amplification and rectification of both 
of these ranges, audio and radio. This plan 

proposes to enter the unused infra- 
audio range, which would not only 
add a most useful band of frequen- 
cies to those now used, but would 
give a band below the range of the 
human ear. if this band were em- 
ployed for telegraph, an additional 
advantage would be that it could 
not interfere with any radio receiv- 
ing. This method of eliminating in- 
terference would be most effective. 

" Finally, it is seen that by the 
method proposed here it is possi- 
ble to modulate a single frequency 

by a number of modulating frequencies, and 
thus multiply the capacity of each radio f re- 
quency channel. 

" In 1921 the writer attended at Paris an 
international technical conference on outstand- 
ing radio problems, and for two months special 
delegates of the five great powers gave consider- 
ation to technical points connected with inter- 
national radio telephony and telegraphy. Such 
matters as interference, logarithmic decrements, 
disposition and allocation of wavelengths, 
radiation, etc., were considered. It is now 
proposed that the general subject of a suitable 
method for transmitting telegraphic signals 
either for radio, land lines or submarine cables 
be considered at the next international techni- 
cal conference, with a view, if possible, of 
unifying all branches of telegraphy using the 
same system of modulation for the signals." 

From all this we may rest assured that the 
next international conference which undertakes 
radio problems will devote much of its energy 
to a revision of the telegraphic code. It is quite 
possible that some effort in this direction will 
be made at the Pan American Congress to be 
held in Mexico City within the next few 
months. It will be well to consider General 
Squier's work very thoroughly. 

The radio amateur, whose transmitter and 
efficient receiver make it possible for him to 
chat with his neighbor over a distance of several 
thousand miles is beginning to feel the need for 
a universal language. He may well direct his 
effort to constructive work in revising his 
method of operation to conform with this more 
efficient vehicle and last but not least our great 
radio companies carrying on, as they do, about 
a quarter of our communication with Europe 
cannot afford to overlook the opportunity which 
General Squier points out as being capable of 
increasing their output by some 150 per cent. 



How to Build a Knock-Out Four- 
Tube Set 

Incorporating with the Knock -Out One -Tube Reflex Receiver a 
Quiet, Inexpensive and Dependable Resistance -Coupled Amplifier 

By ZEH BOUCK 

T 
HE outstanding characteristic of 
crystal rectified (detected) receivers, 
such as the single tube reflex set de- 
scribed with variations in recent is- 
sues of RADIO BROADCAST, is the good 

quality and clarity of the output. The re- 
markably clear tone reproduction of the crystal 
detector is due to the rectifying properties of 
the mineral, which delivers an audio -frequency 
current varying directly with the potential of 
the applied voltage. This is not the case in 
detection by the three -element vacuum tube. 
lt is doubtful if this naturalness of tone will ever 
be improved upon, and the enthusiast who is 
satisfied with the volume of a single tube reflex, 
need search no further for perfection in de- 
tecting fidelity. 

However, it is difficult to preserve this clarity 
when amplifying in the conventional manner. 
This close approach to perfection cannot be 
carried through two ordinary stages of trans- 
former- coupled audio intensification. Though 
the output is still superior to that delivered by 
most amplified regenerative receivers, it has 
lost that subtle quality that stamped it as per- 
fect. This is particularly noticeable in ampli- 
fying the single tube reflex receiver, due to the 
capacitative feedback between the external am- 
plifier and the tuning unit. The measures 
taken to stabilize the whole, such as condensers 
connected to the amplifying grids and groun- 
ded, lessen am- 
plification and, 
in some particu- 
larly obdurate 
cases, tend to in- 
crease the distor- 
tion prevalent, if 
not inherent, in 
transformer - 
coupled amplifi- 
ers. 

The push -pull 
amplifier prob- 

TU BE"A° c n; TUBE.,ß" 
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ably represents the nearest approach to perfec- 
tion yet achieved in transformer- coupled audio 
amplifiers. 

THE RESISTANCE -COUPLED AMPLIFIER 

WH I LE it is possible, in the laboratory, 
by means of certain balancing and cor- 

rective measures, such as the Campbell filter, 
to obtain perfect transformer- coupled amplifi- 
cation, the writer has never heard a two -stage 
amplifier with an output quality equal to that 
of a three -stage resistance -coupled audio in- 
tensifier. lt is significant, that in many broad- 
casting stations, where perfect amplification is 
essential in the speech amplifiers, the simple 
resistance -coupled method is often used in 
preference to complicated transformer circuits, 
which their financial and laboratory resources 
make available. 

The reader will better appreciate the possi- 
bilities of the apparatus we are going to de- 
scribe, if, first, we make clear the theoretical 
functioning of such amplifiers, one of the most 
interesting of radio phenomena, quite easily 
comprehended. 

The resistance -coupled amplifier is not new. 
On the contrary, the chances are that it is the 
oldest form of amplifier, the system being prob- 
ably the direct and logical outcome of early 
experiments to determine the voltage ampli- 
fication of the three element vacuum tube. 

However, until 
the very recent 
advent of tele- 
phonic radio 
broadcasting 
during those 
twelve years 
when telegraphy 
was ninety -five 
per cent. of wire- 
less, distortion- 
less amplifica- 
t;_' )n was actually 

TUBE "H` TUBE B` 

II 

FIG. I 

Comparing the theories of resistance- and transformer -coupled 
audio amplifiers. There is not a great deal of difference 
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undesirable, and so, without the 
recommendation of its predomi- 
nant and only advantage, the re- 
sistance- coupled audio amplifier 
was practically forgotten. The 
transformer- coupled type gave 
greater amplification per stage, 
particularly when the windings 
were designed to pass the narrow 
band of audio frequencies to which 
telegraphic tones were confined. l t 
is only now, after three years of 
redesigning and rewinding of the 
old code amplifying transformers, 
that the resistance -coupled amplifier is being 
salvaged from the radio junk pile. 

Fig. I is divided into two parts, showing am- 
plifying tubes coupled in two systems, A and 
B, respectively transformer -coupling, which we 
all know, and resistance coupling which, 1 

hope, the reader will soon know and appreciate. 
Amplifier A functions in a manner very easily 

understood. The plate current, set up by the 
potential of the B battery, flows through the 
primary, I', of the audio amplifying trans- 
former. This current is made to vary by signal 
impulses applied to the grid of tube A. When 
this current fluctuates, a potential, or voltage, 
varying with the strength of the plate current 
of tube A, is induced in the secondary winding. 
This secondary potential is applied to the grid 
of tube B -that is, the voltage is impressed 
across the grid and filament. Condenser C, 
drawn in with dotted lines, is suggested in 

1 o 3 

FIG. 2 
The fundamental circuit of a three stage resistance -coupled amplifier 

order to make the action of circuit B clearer a 
little later on. The amplifier would function 
quite nicely with this condenser (about .0025 
mfd. or greater) in the circuit, but, as there is 
no necessity for it, we do not include it in the 
conventional transformer amplifier. 

We may therefore sum up amplification by 
stating that its requirements are a potential,* 
varying with the plate current of the preceding 
tube (A), which can be applied to the grid 
circuit of the succeeding tube (B). If we com- 
ply with these conditions, we have amplifica- 
tion. 

Bearing this in mind, we proceed to circuit 
B, which depicts two similar bulbs coupled 
by a resistance, RI. Condenser C is placed in 
this circuit to isolate the grid from the high 

*This potential must, of course, exceed that applied to 
the grid of the preceding tube. The amplifying ability of 
the tube automatically takes care of this. 

FIG. 3 

The complete circuit of the receiver described in this artic;e 
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f Ics. 4 
Front view of the completed receiver. Only two tuning controls as usual 

plate potential. This circuit is quite similar 
to circuit A, though the unpracticed eye may 
not at first recognize the numerous relations. 
We have our plate circuit in tube A, from the 
plate. through the resistance R I (instead of the 
primary of the amplifying transformer), the 
plate battery, and from there, down to the fila- 
ment. We also have our grid circuit -the 
grid of tube B, through condenser C and down 
resistance R I . Resistance R I is therefore com- 
mon to both the plate circuit of tube A and the 
grid circuit of tube B, acting more or less as a 
double substitute for primary and secondary 
of the audio transformer. Hence, if we can 
show that there is a varying potential across 
this resistance, which changes with the grid 
variation of tube A, we shall have established 
the fact that circuit B is an amplifying system, 
in which the functioning automatically becomes 
quite clear. 

Ohm's law states that the current is always 
equal to the voltage divided by the resistance 
-I (current) equals E (voltage) over R (re- 

sistance), i. e., 1 = . Transposing, this very 
fundamental law also postulates that the vol- 

tage across any resistance 
is equal to the current 
times the resistance, in 
other words, E =1 X R. 

E, in the case we are 
proving, will be the plate 
voltage; 1 the plate cur- 
rent; and R the coupling 
resistance, R I . The plate 
current varies with the 
grid potential of tube A. 
Thus, as the potential 

across R I is always equal to the momentary 
value of the current times its resistance in 
ohms, this potential will vary directly with 
the grid impulses. That is, this circuit am- 

THE FUNDAMENTAL CIRCUIT 

IG. 2 shows the fundamental circuit of a 
three stage resistance -coupled audio am- 

plifier. This amplifier is about equal to two 
stages of the best transformer -coupled amplifi- 
cation, as far as volume is concerned, and is 
noticeably superior to the best in quality. 
lts extraordinary purity of tone will be especi- 
ally noticed in the reproduction of a woman's 
singing voice. Barring any distortion at the 
transmitting end, the notes will come through 
liquid and pleasing, a marked contrast to 
some of the strident reproductions of the vocal 
attempts of a broadcasting coloratura soprano. 

The resistance of the coupling resistance, R I , 

R3, and R, varies in the opinions of individual 
experts, and also from the theoretically correct 
value (which is infinitely high). However, 
experience has indicated that f oo,000 ohms is 
the best value when using the amplifying 

o 
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FIG. 5 
The panel layout for the Four -Tube Knock -Out 
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tubes now available to the broadcast receiving 
public. 

lt will be noticed that there are three sep- 
arate B battery taps -one for detector (about 
forty -five volts, compensating for the extra 
plate resistance, RI), the second (ninety volts) 
to the plate of the last tube, which circuit con- 
tains only the comparatively low resistance of 
the loud -speaker winding, and the third and 
highest voltage tap to the plates of the amplify- 
ing tubes through the high resistance coupl- 
ing units. Using the UV -2o I -A tubes, this 
voltage arrangement will result in approxi- 
mately the same total current consumption as 
a two step transformer -coupled amplifier, 
operating without a negative grid bias, and 
with ninety volts on the plate. Each amplify- 
ing tube with a plate coupling- resistance, will 
draw about one one -thousandth of an ampere. 

Considering the current consumption, as well 
as the extra tube and B battery, but balancing 
with the economy of coupling-resistances as 
compared with the cost of good amplifying 
transformers, the two systems break about 
even on an economic basis. (This is somewhat 
contrary to the general idea, which has always 
held the resistance -coupled amplifier to be a 
wasteful and expensive proposition.) 

Condensers C2, C3, and C4 are included in 
the circuit, as before explained, to isolate the 
grid from the plus side of the B battery. Re- 
sistances R2, R4, and R6 are grid leaks, be- 
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tween .05 and 2 megohms, the values of which 
are best determined by experiment. Expe- 
rience has demonstrated that while the grid 
leak value is not critical, there are many cases 
in which variation of this resistance will im- 
prove the tone quality of the received signal. 
One half megohm is about the average proper 
value. 

RESISTANCE COUPLING AND OUR ONE -TUBE 
REFLEX 

As SUGGESTI:I) early in this article, the 
single tube crystal detected reflex set, 

plus three stages of resistance -coupled audio - 
frequency amplification, is an ideal arrange- 
ment. The writer has effected this combination 
quite satisfactorily in the manner illustrated 
in Figs. 3, 4, 5, 6, and 7. 

Fig. 3 is the circuit followed in detail. Fig. 
5 is a plan of the panel. The remaining illus- 
trations are photographs of the completed re- 
ceiver. It will be noticed that two jacks and 
two rheostats, controlling the first two and the 
last two tubes, have been added to the funda- 
mental amplifying circuit. The jacks plug 
in on the first stage and last stage. Jack I will 
give powerful loudspeaker intensity on local 
stations, while J2 may be used for dancing in 
a medium size hall, and on distant stations. 
The last jack should never be used with klE- 
phone receivers. Signals so weak as to neces- 
sitate amplification are better enjoyed on a 

FIG. 6 
Behind the scenes. Rewound neutroformer- type coils are used as inductances. 
This simplifies mounting for the beginner by eliminating machine work 
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single stage of amplification. Output binding - 
posts shunt the last jack when closed. 

THE PANEL 

ASTANDARD panel was used -7" x 2 I ". 
Figure 5 indicates the layout and drilling. 

All holes, excepting those with specially desig- 
nated sizes, are drilled to pass a No. 8 screw - 
the diameter found on dry cells and large 
binding-posts. The appearance of the com- 
pleted receiver is greatly improved by graining 
the panel after drilling-i. e., sandpapering it 
in one direction, and wiping with an oiled cloth. 

THE PARTS 

HE required parts are quite plainly shown 
on the diagram, Fig. 3, and are further 

listed in the following descriptions: 
Ti and T2, respectively coupler and R. F. 

transformer, may be wound by the experimen- 
ter as described in the " Knock -out Single 
Tube" article appearing in the April RADIO 
BROADCAST, or they may be neutroformer type 
coils with rewound primaries as suggested in the 
Laboratory Department of the June number. 
C5 and C6 are variable condensers with about 
17 plates, giving a maximum capacity of 
.00035 mfd. This capacity need only be ap- 
proximated. 

T3 is a good audio amplifying transformer 

having a turn ratio of about four or five to one. 
Observe the connection initials on the secon- 
dary. 

Det. is the crystal detector, preferably a 
fixed crystal such as the Erla or Star, or Celer- 
undum. 

R7 and R8 are thirty ohm rheostats. Three 
coupling resistances of ioo,000 ohms each 
(R t, R3, and R5), as well as three grid leaks 
(R2, R4 and R6) are necessary. These resis- 
tances will be treated in more detail later. 

Ci is a small bypass condenser, a Micadon, 
.0025 mfd. capacity. C2, C3, and C4 may be 
any convenient capacity Micadon between 
.0025 and .00h mfds., inclusive. The first ca- 
pacity was used in the receiver under discus- 
sion. C7 is a stabilizing condenser. A low 
capacity, .00025, or .0005 at the most, is very 
effective. 

J I and J2 are standard double circuit jacks. 
Carter jacks were selected by the author for 
this set. 

The reader will observe from photographs 6 
and 7, that all condensers and leaks have been 
mounted in neat clips, which permit instan- 
taneous change of resistances and capacities. 
This is very desirable in the preliminary oper- 
ation of the apparatus. I t is important that 
these mountings be of a reliable manufacture, 
with no resistance losses through the bases. 

HG. 7 
Note the mountings into which the grid leaks and Micadons are clipped. 
These permit adjustments which are always desirable, and often necessary 
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Daven mountings (Daven Radio Company, 
Newark, N. J.) were used for both condensers 
and grid leaks. Three grid leak mountings and 
four condenser mount- 
ings are required. 

BUILDING THE SET 

LL instruments, 
excepting T I , T2, 

T3 and the variable 
condensers, are 
mounted on the base 
board, which was a 
4" board cut down to 
71" x 21 ii 

The photographs 
show the back of 
panel layout. The 
sockets are mounted 
with the filament con- 
nections toward the 
panel. This arrange- 
ment makes possible 
the most convenient 
connections to grid 
and plate. 

The filaments are 
completely wired before the resistance and con- 
denser mountings, the jacks and inductances 
are placed in their respective positions. The 
amplifier is next wired, starting with the last 
step and running toward the antenna. The tun- 
ing units are last to be mounted and wired. 

Keep all wiring as close to the base as possi- 
ble. This makes for a neater appearance, more 
rigid wiring, and facilitates the clipping in and 
out of condensers and leaks. 
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tances obtainable from well stocked radio supply 
houses, are shown in the photographs, Figs. 6 
and 7. I_avite resistances, made by the West- 

ern Electric Company, 
and by the Crescent 
Radio Company, Ja- 
maica, N.Y. have been 
found equally satisfac- 
tory. The third possi- 
bility, and perhaps the 
simplest is to use a low 
resistance grid l e a k . 

This last , however, 
must be accurately 
measured for resist- 
ance, capable of pass- 
ing three milliam- 
peres, and must have 
a constant resistance. 
The writer has tested 
the Daven Radio Re- 
sistors (Daven Radio 
Company, Newark, N. 
J.) and found them 
quite equal for this 
purpose to the more 
expensive resistances. 

make can be obtained in re- 

List of Parts Used in Making This 
Four -Tube Knock -Out Receiver 

TWO neutroformer type coils with condensers 814.00 
Four General Radio* sockets . . . . . 

One Amertran* audio transformer (5 to 
ratio) . . . . . . . . . . . 

Two General Radio* rheostats (20 ohms) 

4.00 

Too 
2.5o 

One Pryatek* fixed crystal detector(seearticle) .25 
Two jacks . . .75 
Nine Eby binding -posts 1.8o 
Two. Pathe* dials . . 1.20 
Three grid leaks (see article) 1.5o 
Coupling resistances (see article) at 85.00 15.00 
Three Daven grid leak mountings* . . 1.20 
Three Daven clip condenser mountings .20 
One panel, j" by 21" . . . . . 1.75 
Four Dubilier Micadons .0025 mfd.. 2.00 

Approximate cost $55-65 

*Other high grade makes may be substituted for 
the designated manufacture N ith equally gocd re- 
sults. 

THE RESISTANCES 

RELIABLE resistances should, of course, be 
used throughout the receiver. However, 

reliability is to be particularly emphasized 
in the case of the I oo,000 ohm coupling- 
resistances and the grid leak to the last tube 
(R6). 

The coupling -resistances may be any one of 
three possibilities. The -Ward- Leonard resis- 

This particular 
sistances from 50,000 ohms up. 

OPERATION 

fry HE operation of the resistance -coupled am- 
plifier is quite consistent and as reliable as 

the transformer -coupled type. The only adjust- 
ments that may be necessary to secure the most 
efficient operation of the amplifier, is the change 
in the stabilizing condenser, C7 and the grid 
leaks (not the coupling resistances). 

If, on very loud signals, using the full ampli- 
fication, distortion or blasting is noticed, re- 
duce the resistances of the grid leaks in the last 
two tubes. In the receiver just described, the 
writer uses 2. meg., .5 meg. and .05 meg. in the 
respective cases of R2, R4, and R6. 

On local stations, it may be desirable to eli- 
minate the high voltage tap, operating all tubes 
at a plate potential of ninety volts or less. 

USING VARIABLE GRID LEAKS 

THERE 
are some variable grid leaks now on the market which have a minimum resist- 

ance of approximately 50,000 ohms and are capable of carrying the current in the plate 
circuit of a standard tube used in a resistance coupled amplifier. Variable grid leaks hav- 
ing a minimum resistance above Ioo,000 ohms, or incapable of carrying a plate current of 
approximately two milliamperes, should not be used as the coupling resistors, but any good 
variable grid leak may be used in place of the fixed grid leaks R2, R4, and R6. -THE EDITOR. 



Some Remarks in Passing 
By J. P. McQUAIDE 
Vice President, Moon Radio Corporation 

ECE I V 1 N G distant stations depends 
greatly on weather conditions. If 
you receive many different stations 
one night and not the next, don't 
blame your set. If you do not think 

tree trouble is in the weather, look at your bat - 
teries. They may be run down or one of your 
tubes may be losing sensitivity. As a gen- 
eral rule there is nothing in a radio set to 
wear out and once it is working satisfactorily, 
the trouble is usually in either the tubes, bat- 
teries or weather conditions. 

Don't use any higher voltage than is neces- 
sary on your B batteries, as the more voltage 
you use the faster your batteries will give out. 

Some people think that because their tubes 
light, they must be all right, but this is not al- 
ways the case, as the filament of your tube may 
light long after your tube has become defective. 
Every so often, it is a good plan to take out 
your tubes and clean the points. Good elec- 
trical contact is highly important in the tube 
socket. Particular trouble may be encoun- 
tered at the plate or grid socket contacts, and 
this is the hardest to find since even if the pins 
are not making contact, things look all right. 

If you have just bought a set and you know 

it is of good manufacture, do not become dis- 
satisfied because you have not obtained the re- 
sults that some friend of yours is getting. 

In large cities where there are many so- called 
dead spots, it is quite possible for a set to work 
much better in one room than it does in another 
due to the steel construction in the building. 
Try moving your set from one room to another, 
if you are not getting good results. 

A voltmeter for your B battery registering 
o -5o volts, and also a hydrometer, are good 
accessories to have around. 

.Don't try to make a lot of noise with your 
set. Good clear reception with less volume is 
far better than reception with distortion and 
great volume. 

If you are getting good results from your re- 
ceiving set, write and tell the manufacturer. 
He will be very glad to know it. if you are not 
getting the proper results, he will want to know 
that too. Perhaps he can help you. 

Receiving sets are becoming easier to operate, 
and the manufacturers are doing all in their 
power to help you enjoy radio concerts. Re- 
ceivers are not automatic, however, and should 
be given some care and not knocked around 
from place to place. 

VERITABLE multitudes of radio listeners in the eastern and central parts 
of the United States who count that Sunday lost when they do not hear 

"Roxie" and his gang from the Capitol Theatre, New York, will be much in- 
terested in James C. Young's excellent story about "Roxie" (S. L. Rothafel), his 

gang, and his theories, which we will print in July. 



What's in a Name? 
A Brief Guide Book to the Radio Gallery of Names, Telling Why 
"Dynes" and "flexes" Need Not Be Greek to Almost Everyone 

By JULIAN KAY 

If you are new to radio -or at least a present stranger to radio theory, the series by Zeh Bouck, "Va- 
rious Circuits and «Vhat They Mean " is well worth consulting. In this magazine for December, 1923, 
appeared the first of his articles on How to Analyze a Diagram. In January, 1924, Mr. Bouck's article 
explained what inductance is and how it is used. The February article explained how radio circuits 
are tuned. "What Makes the Wheels Go 'Round" W. Van B. Roberts' serial explaining radio theory 
should also be consulted. It began in March. . . . 

F ALL the pests the worst is 
probably the chap who has a 
positive mania for radio. He 
follows you around talking 
about super this or dyner that. 

He has a habit of pushing you into a corner to 
tell you of the latest tricks he has played on his 
Neutroreflex. He knows more circuits than 
you can shake a stick at; he eats, sleeps, and 
orates radio. 

Do you know this 
chap? He is always 
worrying about his 
.plex, or his auto, or 
his dingus circuit. He 
rushes madly from 
one radio fad to an- 
other, speaking hazily 
about "quality" or 

radio -freq." His 
u s u a l conversational 
ability can be meas- 
ured by: 

" Say, 1 tried out 
those Fussyform coils 
on my Superwhoosis 
last night. 1 had 
twenty -eight turns of 
double covered green 
silk magnet wire on 
the secondary and a 
double naught two 
five condenser 
across - " and so on 

gave you immeasurable joy and pleasure. With 
fellow devotees of the violin you shared your 
secrets and your dreams. 

And then some morning suppose that you 
found everyone talking of your violin in the 
most off -hand fashion, not as the instrument 
that you loved but as a "fiddle"; and that 
people seemed more interested in the fact that 
it was made of Spanish cedar and LePage's glue 

than in the beautiful 
tones with which it 

What Does That Mean? 

Is an often repeated question addressed to 
those who know and those who seem to know, 
more than the rest of us about radio. The 
answer may be correct or it may be some hazy 
attempt at explanation that leaves the ques- 
tioner in a greater confusion and uncertainty 
than ever. And when the question turns to 
receivers and their names, well indeed can 
the question be "What Does I t Mean ?" 
There are many who recite the various name - 
tags glibly, knowing precious little whereof 
they speak. 

This article attempts to sort out and classify 
the receivers in present use, to show what they 
are, and how they are electrically related, and 
what they are designed to accomplish. No 
effort is made to give a technical or even popu- 
lar explanation of their working, for that is 
task enough for a book. This series aims to 
cast at least a faint light in the present dark 
forest of ponderous hyphenated radio names. 

-THE EDITOR. 

ad libitum until you go. 
Suppose for instance that you were a master 

of the violin, that you loved your instrument, 
that you knew it better than anything else. 
Suppose that you had made it a lifelong corn - 
panion, that it soothed and piqued you and 

responded to your 
touch. 

SUPER -FIDDLES AND 

FIDDLE -DYNES 

SUPPOSE even, 
that the big 

brothers of the violin 
were mentioned a s 

super- fiddles and fid- 
dle -dynes instead of 
their proper names; 
that everyone could 
play them as easily as 
though they were tin 
horns; that everyone 
talked in the most glib 
manner about species 
of violins of which you 
had never heard. 

In fact, if You sud- 
denly awoke to the 
fact that your hobby 
was no longer an in- 

dividual affair, but that the whole world owned 
it, a world that thought you out of date -how 
would you feel about it? 

Do you see how the old timer in radio feels 
about all this business of names, and new 
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Antenna 
circuit I 

Three circuit receiver 
Figure I. 

circuits, and the smug acceptance with which 
radio is viewed to -day? 

Or, if you are a new comer, are you be- 
wildered by the claims of the various dynes and 
plexes and supers and the personal monuments 
like the "Jones" or the "Smith" circuits? 

To classify the types of receiving circuits now 
being used, the Family Tree on page i 12 may 
be useful. lt will be seen that there are three 
broad groups of radio receiving equipment, and 
it may be said at once that all of the modern 
types may be found there, or may be a hybrid 
product of two or even all three of these groups. 
So when your friend says that he had a new 
circuit see how it fits into the Circuit Family 
Tree, and if it cannot be found there, if it is not 
a detector or an amplifier, rush your friend to 
the patent office, for he has something the world 
needs. 

ALL RECEIVERS MUST BELONG TO ONE OF THREE 
CLASSES 

THESE three great groups into which all 
receiving equipment naturally falls are 

dependent upon each other, and a really good 
outfit is a proper combination of apparatus 
from each of the groups. The name it bears is 
no criterion of its effectiveness as a receiver. 
1 ndeed " a rose by any other name would smell 
as sweet." 

The first requisite for a receiving set is a 
detector serving the same purpose as our own 
physical organs for "detecting" the sounds 
that exist in the air, organs we call ears. Now 
everyone knows that there are sounds that are 
too weak for us to hear, and that we can 
remedy our inability to detect these minute 
sounds by proper means of magnification, say 
by an ear trumpet. if our human organism 
possessed a device between the ear and the 
brain for again amplifying the sounds that the 
ear detects, we would have a more or less 

Broadcast 

complete analogy for the three groups of radio 
receiving equipment. 

Radio -frequency amplifiers magnify the in- 
coming energy before it is passed through the 
detector, and following the detector, come 
audio -frequency amplifiers which again magnify 
the energy. 

ABOUT DETECTORS 

ETECTORS naturally fall into two classes, 
non -regenerative and regenerative. The 

first group comprises the simplest of all receiv- 
ing circuits. Crystal detectors are very old, 
going back to the earliest days of wireless 
telegraphy. The simple audion connection 
was used for a considerable time before Arm- 
strong demonstrated his remarkable discoveries 
leading to the regenerative detector. 

The last two years have seen the advent of 
vacuum tube detectors on shipboard, but on 
many vessels at the present ti;r_e, the operators 
still wrestle with old " catwhisker" crystals. 
Among the amateurs, however, the crystal 
of the past few years, is as good as dead, and 
would be completely out of date to -day were it 
not for the recent broadcasting development. 

The non - regenerative detectors are marked 
by certain inherent disadvantages, but con- . 

trary to common opinion have other advant- 
ages which are becoming more and more im- 
portant. 

A crystal or simple non -regenerative tube de- 
tector without some means of amplification will 
not respond to signals from very great distances 
nor will it give much volume. On the other 
hand, the quality of music or speech pro- 
duced by such a detector is far better than the 
usual regenerative equipment is capable of 
producing, particularly when handled by one 
unaccustomed to tuning it. With a stage 

Plate 
Circuit 

Two circuit receiver 
Figue 2. 
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or two of radio -frequency amplification to 
boost the incoming energy, and a stage or two 
of audio -frequency amplification to bring up 
the signals to the required volume, a simple 
non -distorting detector is unequalled. 

The outstanding features representative of 
this group are, that they are 

I. Non- distorting. 
2. Of low cost. 
3. Capable of short distance reception. 
4. Of low upkeep. 
5. Simple. 
6. Non- selective. 
7. Non- radiating. 
The principles underlying the regenerative 

receiving circuits are the foundations upon 
which present day radio is built. Were it not 
for what vacuum tube experts call " regener- 
ation " -whence comes the name of these 
receivers -radio broadcasting would probably 
not exist to -day. 

WHERE THE VACUUM TUBE COMES I\ 
H 1 S discovery seems simple in the light 
of our present knowledge. Suppose we 

have a device that has more energy in its out- 
put than in its input circuit. If some of this 
excess energy is fed back into the input. it will 
reappear at the output. amplified by the action 
within the device. If the excess output is 
sufficient to make up for the losses due to re- 
sistance in the circuit. continuous oscillations 
are built up and we say that the system "oscil- 
lates.- 

The immediate result is a remarkable in- 
crease in signal strength due to the fact that 

Men na 
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regeneration is apparently a method of de- 
creasing resistance to a very low value, which 
permits large currents to flow. Another im- 
portant result is the increase in selectivity also 
due to the lowered effective resistance. 

In general it may be said that regenerative 
receivers are highly sensitive, reasonably selec- 
tive, giving considerably greater strength of 
signals than non -regenerative detectors. On 
the other hand, this type of detector is critical 
in its adjustment. is likely to distort so that 
music and the voice are not reproduced accu- 
rately and pleasantly. The great objection to 
this type of detector is its certainty to disturb 
fellow listeners by its self radiation unless care- 
fully handled. 

At the present time the tendency seems to be 
away from regenerative detectors and toward 
radio -frequency amplification. so that the 
future may see the birth of new receivers 
utilizing other methods of detection giving the 
same sensitivity but none of the distortion or 
interference defects of regenerators. The 
Sodion tube is a decided step in this direction. 

ONE WAY "NEW CIRCUITS" AND 
..NEW 

NAMES 

START 

I N ACTUAL practice the plate circuit 'out - 
put' is coupled back to the grid (input' 

either through a resistance, an inductance, or 
bY means of a condenser. In fact if the experi- 
menter is ambitious and wishes to combat all 
manners of coupling he may use combinations 
of all of these methods. And each time that 
someone '`discovers" anew these coupling 
methods a new name is given it. 

I t will be noticed that the chart divides 
regenerators into several groups depending 
upon the complexity of the equipment. Any 
complete receiving set must comprise three 
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What's in a Name? 

radio -frequency circuits: the antenna and 
ground, the secondary or input of the detecting 
device, and the output. if the output is not 
tuned, that is, if there is no attempt to resonate 
it with the radio- frequency signals, the system 
becomes a two -circuit tuner. if the antenna 
to ground circuit is combined with the input, 
the combination is known as a " single circuit " 
receiver. 

Of the latter, RADIO BROADCAST has already 
said plenty. This receiver is like the neighbor's 
dog that howls under your window at the moon. 
l t causes the horrendous squeaks and howls; 
the little fellow around the corner that swishes 
across your wave, breaking into your concerts, 
and offending your musical ears. In England 
it is unlawful to do anything with one of these 
outfits except, as someone has suggested: 

" Use it as an anchor." 
On the circuit Family Tree they are enclosed 

in a black box of mourning and they should 
be dead. 

WHY THE MULTI- CIRCUIT SETS ARE GOOD 

THE two -circuit tuner is a great improve- 
ment over the single circuit owing to its 

greater selectivity. 
The three -circuit outfit in which the plate 

radio -frequency path is also tuned is naturally 
the most efficient of all, for oscillations occur- 
ring in this circuit may be controlled -a 
feature which the simpler systems do not 
possess. ln connection with this type of 
equipment it must be said that close coupling 
between the antenna and secondary circuits 
may produce just as malignant interference to 
one's neighbor as any improperly operated 
single circuit regenerator. 

1 n these various schemes, it does not matter 
whether an inductance or a condenser is used 
for the feed back or the tuning, the process is 

i Weagant X circuit 
---- F19ure 6. 

I 1 3 

Armstrong flivver circuit 
Figure 5. 

one of obtaining resonance or of conveying 
energy from one circuit to another. For 
instance the " X " circuit in which the plate 
is tuned with a fixed coil in series with a variable 
condenser in place of the usual variometer is 
still a tuned plate arrangement. 

l n fact the capacity element of a complete 
radio path may not be apparent at all, but may 
exist within the tube, or as distributed capacit 
of windings, or as the capacity of the antenna 
to ground. 

The ultra -audion has the input circuit at- 
tached directly to the plate; the " tickler" outfit 
uses a coil in series with the plate and placed 
near the grid coil to affect the feedback; the 
Reinartz employs a condenser between grid and 
plate -and there you are. They all do the same 
thing but in a different way. 

The Four -Circuit tuner is apparently an 
adaptation of the ultra -audion in which an extra 
absorption circuit is placed near the grid 
inductance. The idea is to extract enough 
energy from that circuit to prevent oscillation 
with its accompanying distortion. 1 t is better 
than the straight ultra -audion on this account. 

The Reinartz circuit was developed by a 
prominent amateur for use in receiving continu- 
ous wave stations operating on short wave- 
lengths. l t is most efficient when the tube 
oscillates, and is simple to adjust. The feed- 
back control is nicely adjustable. 

When improperly handled it has a tendency 
to radiate. 

SUPER -HETERODYNE AND SUPER -REGENERATOR 
ARE THE ONLY NEW DEVELOPMENTS 

HE latest application of regeneration, the 
super -regenerator is a member of the type 

of detector under discussion. The principle 
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is rather unique and the development of this 
system marks the only " new" thing that has 
appeared since the super -heterodyne. 

As any one knows who has operated a 
regenerative receiver, the most sensitive operat- 
ing condition is at the point where the tube is 
about to break into actual oscillation. Many 
schemes might be devised for actually letting 
the tube oscillate a small fraction of a second, 
and then to shut it off. This is what was 
actually accomplished in the super -regenerator. 
As usual there are several methods of carrying 
out this idea, and many of the " trick" circuits 
that exist to -day may be traced to some obscure 
super -regenerator function. 

I n practice, this type of receiver proves to be 
noisy and critical, and it is one of the most 
powerful radiators. I t has not proved to be of 
great value in the reception of music, although 
it is useful in code receivers. 

Without a doubt the regenerative receiver is 
one cif the most sensitive and efficient devices 
ever discovered, but its use in radio seems 
limited to the time when equally efficient radio- 
frequency amplifying systems are developed - 
schemes which will be discussed in a future 
article. Under this head fall the neutrodyne, 
the superdyne, and the super -heterodyne. 

l n order to get sufficient energy from any 
type of receiving equipment to operate a loud 
speaker it is necessary to use one or more stages 
of audio -frequency amplification. To increase 
the range of a given receiving set, a stage of 
radio -frequency amplification may be added 
before the detector, and when one adds this 
equipment it is a fairly simple matter to make 
the extra vacuum tube do double duty -in 
other words to reflex it. Reflex systems in 

which the audio and radio amplifiers are com- 
bined are the most economical arrangements 
used to -day, and as usual are of several varie- 
ties, each with a different name. This group 
will be discussed in subsequent articles. 

ABOUT RADIO -FREQUENCY A`iPLIFICATION 

1VI ANY names have been applied to the 
many schemes for amplifying radio - 

frequency energy. Sometimes these names 
signify what is going on in the device, but 
usually they are colorful handles added to 
otherwise colorless circuits. It is much easier 
to invent a new name for an old circuit, than 
to invent a new circuit. The next article 
in this series will develop the radio- frequency 
family. tree, and show how the various methods 
work. 

By properly designing a radio- frequency am- 
plifier and carefully neutralizing it, one can add 
considerable volume to the signals. This is 
contrary to the common supposition that a 
noticeable addition of volume can only be at- 
tained by audio- frequency amplification. The 
two -tube receiver described in RADIO BROAD- 

CAST for April and May is an excellent ex- 
ample of what one can do with a small amount 
of equipment. Here is a detector, a radio- and 
an audio- frequency amplifier, a " neutrodyne" 
and a " reflex" -all with two tubes. 

In following articles in this series, the vari- 
ous circuits which involve the use of radio - 
frequency amplification will be discussed. The 
radio newcomer should preserve these circuit 
"family trees ", for they will help him analyze 
the many circuits which plague his bewildered 
eye. 

ANIMMI 

1 - 

Cockaday circuit 
Fi.yure 8. 



The Inside Story of the British 
Broadcasting Experiments 

How Success Came After Many and Long Experiments to Link 
America and Great Britain, by One of the Staff of 2AC at Manchester 

By W. J. BROWN 
Metropolitan- Vickers Company. Manchester 

`' O MUCH interest has been aroused by 
the recent American rebroadcasting 
tests that the following account of the 
preliminary experimental work which 
was necessary before the tests could 

conducted should be 
be of some interest. 
lt is probably not gen- 
erally realized that the 
relaying of K D K A , 

the Pittsburgh station 
of the Westinghouse 
Electric & Manufac- 
turing Company, was 
only rendered possible 
by a tremendous 
amount of experi- 
mental work between 
this Company and the 
Metropolitan - Vickers 
Electrical Company of 
Manchester. There 
was no mystery about 
the- excellent results 
which have been ob- 
tained on too meters. 
These were in fact the 
culmination of plans 
which were made 
many months ago. 

The Metropolitan - 
Vickers Company is in 
very close technical 
association with the 
Westinghouse Com- 
pany, and several 
months ago it was 
agreed that a combined 

reception, though of course this is all against 
the theory of excessive absorption on short 
wavelengths. In September, 1923, they com- 
menced experiments with the Metropolitan - 
Vickers Company by transmitting their or- 

dinary broadcast pro- 
grams on 1 oo meters 
as well as on their nor- 
mal broadcast wave- 
length of 326 meters. 
The Metropolitan - 
Vickers Co. built up a 
I oo meter receiver and 
listened to the trans- 
missions at their ex- 
perimental station at 
Altrincham in Ch e- 
shire. 

The Future -Which \Vav r 
It is manifestly impossible for every radio 

listener to own a highly sensitive receiver. 
And it is also true that as radio grows older. 
broadcasting will be more used in politics, in 
government, and all branches of the national 
life. So it is that the long -visioned ones in 
radio have wondered how it is economically 
and electrically possible to bind together some 
of our powerful and important broadcasting 
stations located at strategic points in the 
country, so that an event of national import- 
ance could be broadcast nationally. Most of 
our readers know of the recent successful 
experiments which have taken place within 
the last six months. 

Now there are two ways to link broadcast- 
ing stations. One is by direct land wire, and 
the other is by radio itself, using extremely 
short wavelengths. In this country, the 
American Telephone and Telegraph Company 
has done much with the land line method, 
while the Westinghouse Electric and Manu- 
facturing Company has taken the opposite 
course and done a great deal of research with 
transmission over long distances with short 
waves. We described these experiments 
from the American angle in our February 
number. This is the English side of the story. 

-THE EDITOR 

attempt should be 
made to relay the K D KA broadcasting pro- 
grams in this country. The Westinghouse 
Company had been experimenting with short 
wavelengths around wo meters and had found 
that they promised well for long- distance 

WHAT 100 METER 

WAVES WOULD DO 

T WAS immediately 
apparent that the 

1 oo meter transmis- 
sions came over the 
Atlantic better than 
the 326 meter wave- 
length. The chief im- 
provements noticed 
were firstly, greater 
consistency of results. 
secondly, freedom 
from interference by 
spark stations, "mush" 
and static. and thirdly. 
the comparatively 
small amount of fad- 

ing experienced. As regards consistency of 
results, the improvement was particularly 
noticeable, and it was found possible to receive 
signals much earlier in the night than was 
possible with the 300 - 5oo meter American 
transmissions. 
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The experiments being so far successful, the 
Westinghouse Company built a new transmit- 
ter operating at nearly 3o kilowatts input. 
This transmitter represents absolutely the 
latest radio engineering practice. It employs 
special high -power tungsten valves with an 
elaborate system of water -cooling, whereby 
quite a small valve can be made to handle an 
enormous amount of power. Most elaborate 
precautions are taken to prevent slight changes 
of wavelength which at the exceptionally high 
frequency of 3,000,000 cycles per second 
would have a very serious effect. The antenna 
system is designed to have absolute rigidity, as 
are the high frequency connections of the trans- 
mitter itself. The inductances are wound on 
rigid formers and as a final precaution the 
whole of the high frequency portion of the 
transmitter is mounted in a framework sus- 
pended by springs. 

Statements have recently appeared in the press 

to the effect that KDKA has been making 
no special effort to broadcast their signals over 
the Atlantic, and also that their I oo meter 
transmission is of lower power than that of a 
British Broadcasting Company station. When 
it is realized that KDKA has been working with 
Metropolitan- Vickers for months past, and 
that they built a transmitter specially for 
transatlantic work which is probably greater in 
power than all the British Broadcasting Company 
stations put together the inaccuracy of such 
statements will be appreciated. 

The first tests on the new transmitter were 
made in October, 1923, and naturally it was 
found that signals were coming over a good bit 
more strongly than before. Other troubles 
became evident however, chief of which was 
" night distortion" which is caused by slight 
changes in the carrier frequency of the trans- 
mitter, together with changing propagation 
conditions. In many cases this distortion was 

WHERE AMERICAN BROADCAST PROGRAMS ARE HEARD ALMOST NIGHTLY 
The extremely sensitive receiver at the Trafford Park Laboratories of the British Broadcasting Company near Manchester. 
The six foot loop in the foreground is used constantly in receiving 94 meter waves from KDKA, and, recently, the 104 
meter wave of WGY. A wire line connects this station with the operating room and studio of the Manchester station 2 AC 
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so bad that speech was rendered quite unin- 
telligible. 

I t must again be emphasized that, working 
with wavelengths as short as too meters, a 
very much greater constancy of wavelength 
is required than with the 3oo -5oo meter trans- 
missions, and also this constancy is much more 
difficult to obtain. 

Many experiments were carried out with a 
view to eliminating this trouble. These ex- 
periments were carried on usually in the 
early (or rather, late) hours of the morning 
after the American broadcast program had 
ceased, and special forms of modulation were 
employed for the purpose of analyzing the 
effect. Great difficulties were met, parti- 
cularly at the transmission end, and these 
resulted in an almost continuous flow of cable- 
grams between the two 
companies. In the end, on 
December 27. 1923, a 
fairly good transmission 
through was achieved, and 
on the following day re- 
broadcasting of KDKA to 
listeners in Great Britain 
was an accomplished fact. 

During the following 
seven or eight days the 
Metropolitan- Vickers Com- 
pany carried out. a series of 
rebroadcasting tests, so as 
to gauge the possibilities of 
their system as it then 
stood. The repeating was 
done from the Company's 
station 2AC at their re- 
search laboratories, Traf- 
ford Park, Manchester. An 
experimental 1-1- kilowatt 
transmitter was employed, 
operating at a wavelength 
of 400 meters. Reception 
was stall carried out at the 
Altrincham Station. The 
two stations were connected 
by land -line. 

THE MANCHESTER EQUIP- 
MENT 

DURING the preceding 
two months many dif- 

ferent forms of receiver and 
various antenna systems 
had been tried out, to deter- 
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mine the most satisfactory method of reception. 
During the whole of the relaying period, how- 
ever, a frame aerial some six feet square was 
used for picking up the signals while the receiv- 
ing set employed a number of high frequency 
stages varying from six to twelve according to 
the prevailing conditions of reception. After 
detection, the signals were passed through two 
stages of low frequency power amplification 
before passing them on to the line leading to 
the microphone transmission. 

At the beginning of the week, the whole of 
the controlling and announcing from Altrin- 
cham was done over telephone lines, but this 
was found to be rather unsatisfactory since 
there was no suitable non -resonant room for 
speech purposes at the Altrincham station; 
hence these functions were transferred to 

© Barratt's, London 

CAPTAIN A. G. D. WEST 
.Assistant chief engineer of the British Broadcasting Company. Captain West has 
supervised the successful rebroadcasting of American programs from \\'GY and hD KA 
on a number of occasions. " We have some difficulty in regard to distortion, " says 
Captain West, "The announcer is usually quite intelligible, but in some speeches, 
not a word can be understood, and this is perhaps when they are an "outside broad- 
cast" . . . One of our chief troubles is from French amateur transmitters work- 
ing on about loo meters. Some of them spend their time tuning up and down for 

hours on end" 
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Trafford Park before the end of the week. 
In order to keep a check on the quality of the 
landline tranmission from 2AC, a 40o meter 
receiver was rigged up at Altrincham. The 

control operator" was equipped with a pair 
of phones which he could connect at will either 
to K D KA direct or else to K D KA via 2AC 
and thus he could immediately detect any 
transmission or line faults. 

A portion of the receiving station is shown 
in the accompanying photograph. The frame 

it 

THE NINE BRITISH BROADCASTING STATIONS 
are connected by land line to the central London station 

antenna is seen in the foreground. Behind, to 
the left, is seen the control and announcing 
table and the low frequency amplifiers. Im- 
mediately behind the frame antenna is seen 
one of the receiving sets. 

During the period of approximately one 
week the Metropolitan- Vickers Company suc- 
ceeded in relaying the Westinghouse trans- 
missions for an aggregate time of 18 hours. 
In two or three cases relaying commenced about 
11.3o Greenwich Time, but the best results 
were undoubtedly obtained between the hour of 
4 A. M. and 7 A. M. as had been anticipated from 
previous results. In fact one or two of these 
early morning transmissions were almost perfect 
in their reproduction -nearly as good as a first 
hand broadcast transmission. 

ARLINGTON SIGNALS TWICE RETRANSMITTED 

DURING the week a complete American 
program was successfully relayed right 

from the first item by the Westinghouse 
Band at I I :20 P. M. up to the relaying of the 
Arlington time signals at 3:oo A.M. The re- 
laying of the Arlington time signals was in 
itself something of a novelty, since it reached 
the ears of British listeners through no less 
than three stages of transmission' The signals, 
which are the American equivalent of the 
famous Paris time signals, were transmitted 
from Arlington on a wavelength of 2650 
meters at io:oo P.M. New York time. They 
were picked up by the Westinghouse Company 
at Pittsburgh, 200 miles distant, and sent over 
the Atlantic to Manchester on the Ioo meter 
wavelength, who received them and trans- 
mitted them for the third time on their 400 
meter wave at 3:00 A. M. Greenwich Time. 
(Greenwich time is 5 hours later than that in 
New York). 

Anxious to obtain all possible information 
and experimental data concerning the relaying, 
the Metropolitan -Vickers Company asked for 
reports, and got them. They were numbered 
first by hundreds and then in four figures. 
With scarcely an exception, they were all com- 
plimentary, most of them enthusiastically so. 
Many of these reports came from the Contin- 
ent, some of them from as far off as Switzer- 
land and even Rah. When it is considered 
that the power input at 2AC is somewhere 
about half the average power of a British 
Broadcasting Company station and that the 
actual relaying of K D KA was clearly heard at 
these distances, the results of the experiments 
were very gratifying. lt has been possible to 
reply by post to only a very small percentage 
of the reports received, and the Metropolitan - 
Vickers and Westinghouse companies would 
like to take this opportunity of recording their 
thanks to all those listeners who have been 
good enough to send in their reports and 
comments. 

A few details of the ordinary broadcasting 
activities of the Westinghouse Company may 
be interesting. ln November, 1920, they 
opened the pioneer broadcasting station of 
the world, KDKA, at East Pittsburgh. The 
first transmitter was of comparatively low 
power -Ioo watts were delivered to the antenna. 
This was increased by stages to its present 
value of woo antenna -watts, corresponding to 
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a D. C. input of four or five kilowatts. The 
main studio at KDKA is situated half a mile 
from the transmitting station. There are also 
tv.-o other studios in the city, 14 miles distant, 
all of which are elaborately equipped. Land - 
line transmissions are an important feature; 
there are 45 permanent landlines covering an 
area of 225 square miles. These take in every 
church, theatre, public hall, and auditorium of 
any pretensions in the Pittsburgh section. 

SOME CONCLUSIONS ABOUT SHORT WAVE BROAD- 

CASTING 

I N CONCLUSION it is interesting to compare 
the results obtained with this I oo meter ex- 

perimental transmission with those which 
might be expected with the ordinary 300 -500 
meter American broadcasting. As indicated 
earlier in this article it proved possible to relay 
the loo meter signals for 18 hours during little 
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more than a week, whereas in all probability 
sufficiently good reception of the 300 -50o meter 
signals for relaying purposes would not be 
obtained for more than 2 or 3 hours per week. 
Thus it may be claimed that these experiments 
with the Westinghouse Company have in- 
creased the chances of American relaying 
probably about ten times. Also they have 
rendered it practicable to start such relaying 
at about i I :oo P.M. during the winter months, 
as compared with the impossible hour for 
most people) of i :oo or 2:oo o'clock in the 
morning. 

Of course perfection is not nearly reached, 
but some of the greatest difficulties which 
existed have been largely overcome, and with 
further developments the relaying of intelli- 
gence and entertainment from America may 
in the fairly near future become a matter of 
everyday fact. 

Gc` Keystone 

THE HOTEL SAVOY BAND 

-a veil knovti n dance orchestra from a NA ell known London hotel, whose excellent programs have been broadcast for the 
especial benefit of American listeners from 2 LO and the other eight BBC stations 
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What Does the Public Want in Radio Music? 
ROADCAST directors seem to be 
losing much sleep worrying over the 
question, "What does the public 
want in radio music "? In their 
well -intentioned attempts to find a 

solution to this problem they send out question- 
naires, or they ask at the end of a program if 
the listeners will please be so very kind as to let 
it be known 
by letter 
what num- 
bers they 
most enjoy- 
ed. "Only 
through such 
Means," 
comes the 
explanation , 

"can we give 
you what 
you want." 

One would 
think from 
this that 
until radio 
came into 
existence the 
American 
public had 
given no in- 
dication o f 
what it 
wants in mu- 

sic. On the contrary this question was quite 
definitely answered -so many people believe - 
long before a broadcast station was thought of. 

1 n order to find a partial answer, broadcast 
directors might examine the attendance of 
concerts and opera and thus find out what kind 
of music the public pays to hear. They might 
well listen as one among these audi- 

ences and 
note how the 
music is re- 
ceived. 

Through 
these means 
an idea can 
be gained of 
what large 
numbers of 
people want 
in radio 
music. For 
one's mu- 
sical taste 
does not 
change sim- 
ply by tun - 
ing-in a re- 
ceiving set. 
Many people 
listen over 
radio for the 
same kind of 
music that 

© Underwood & C nderw-ood 

IGNAZ FRIEDMAN 
To hear such an artist as Mr. Friedman over the radio wipes out the memory of 
many mediocre performances sent through the air. The New York recital of this 

internationally famed pianist was broadcast by station \VEAF 
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-Nicholas %1urav, New York 

EVA LE GALLIENNE 
This picture shows this famous young actress as she appears in "The Swan" at the Cort Theater, New York. Miss Le 
Gallienne was recently introduced to a radio audience through station WOR. After giving a short talk, she read some of 
the most widely known of the poems written by her father, Richard Le. Gallienne. From the picture, one concludes that 

those who could hear but not see Miss Le Gallienne lost as much as they gained 
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they have long enjoyed through the e4ablished 
concert channels. 

To facilitate knowledge of what sort of music 
a large public pays to enjoy, here are some 
facts. 

There are in this country ten or a dozen 
permanently established symphony orchestras 
of the first rank, maintained solely for the pur- 
pose of presenting only the best in orchestral 
music supplemented at times by soloists cap- 
able of playing or singing works of a standard in 
keeping with the rest of the program. There 
are about forty other orchestras maintained for 
the same purpose and all steadily advancing 
into the same rank. This means that in fifty 
or more cities, and in the communities adjacent 
to these cities, there is a 
public eager to hear the 
greatest music ever 
written. For the fore- 
most instrumental 
works of the worlds' 
foremost composers 
may be found in or- 
chestral literature. 

To hear these or- 
chestras and other mu- 
sical attractions of equal 
standard the American 
public spends more each 
year than for attend- 
ance at all the sports 
combined, even includ- 
ing those years when 
championship prize 
fights are staged. 

The music students 
who are scattered all 
over the country pay 
millions of dollars 
yearly for serious 
musical instruction. 
Their teachers add to 
the aggregate of these 
figures by themselves 
spending money to 
study whenever pos- 
sible under the great concert artists who, at 
stated periods, conduct master classes. 

There is scarcely a college of any importance 
throughout the entire land that does not main- 
tain a music department. 

ln well nigh every city, and also in large 
numbers of towns, pupils in the public schools 
are given opportunity to study music under 

expert instruction, this study including also 
classes in musical appreciation so that the 
pupils may be made familiar with the classics. 
In Cleveland, Ohio, for example, thirty mem- 
bers of the Symphony orchestra -and each one 
of these thirty a master on his instrument - 
give instruction to school children, the cost of 
these lessons being paid out of the Community 
Chest. 

In practically every city where a symphony 
orchestra is maintained, special concerts are 
given for children of school age, and although 
only music of high standard is played, the 
difficulty is to find accommodation for all who 
want to attend. In New York, Walter Dam - 
rosch, who for years has given such concerts, 

was obliged last fall to 
transfer them from 
Aeclian Hall to Car- 
negie Hall of far larger 
capacity. Philadelphia, 
Cincinnati, Detroit, 
Chicago, Minneapolis, 
and San Francisco, are 
a few among the other 
cities where the attend- 
ance at such concerts is 
limited only by the 
seating capacity of the 
auditorium. 

America leads all the 
other countries in its 
patronage of music. 
This is why every con- 
cert artist who can pay 
his way across the 
Atlantic comes here 
with the hope of mak- 

ing a living. 
Nor are these artists 

heard only in the 
cities. Towns of no 
more than a few 
thousand population 
engage, year after 
year, some of the best 
talent that good music 

presented. And when 

-Moffett, Chicago 
CLAUDIA MUZIO 

One of the greatest among living operatic sopranos and 
now with the Chicago Civic Opera Company. She has 
been heard in solos over the radio and affirms that 
she enjoys singing for her unseen listeners as much 
as they seem to enjoy hearing her, judging from the 
letters she has received from these listeners. Mme. 
Muzio's broadcast performances have been given at the 
Zenith Station now operated by the Chicago Tribune 

(WGN) 

may be heard rightly 
these people cannot hear an artist in their 
own town they journey at much expense to 
some near -by city to enjoy this privilege when 
the opportunity to do so presents itself. 

The sum total of the money thus spent each 
year for good music in the United States is 
estimated by some authorities in the billions. 


