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ENDURING WONDERS 
Of Scientific Achievement 

"ALL 'THINGS DREAD TIME, BUT TIME ITSELF DREADS THE PYRAMIDS!" 

ALL THINGS Dread Time and the elements, except true crea- 
tions of science. And in radio receivers PARTICULARLY, 

where electricity, the mightiest of the elements, stands ready 
to destroy, scientific design and engineered strength are vital, 
for failure to withstand the unrestrained fury of high voltages 
inevitably results in the destruction of expensive parts. That 
is why the engineers of leading radio set and power supply 
manufacturers use Aerovox fixed condensers and Pyrohm 

resistors -they know they are scientifically built and 

THEY WILL ENDURE! 

eiSend for the "Aerovox Research Worker," 
devoted to interesting technical information. 

ERQY 
"Built Better" 

70 Washington St., Brooklyn, N.Y. 
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Put Your Insulating 
Problems Up To Formica! 
INSULATING parts of high and per- 

manent efficiency that will not 
absorb moisture and swell or warp 
are available in Formica in any shape 
or size that is desired. 
The largest equipment in the industry and 
an organization that is specialized on one 
product make Formica headquarters for in- 
sulating parts. 

There is complete and varied equipment for 
punching, sawing, machining, printing in 
various colors ... and the production of very 
handsome Wood, Marble, Ivory and special 
finishes where appearance is an important 
factor. 

Facilities are not only extremely varied, but 
are maintained in excess of ordinary demand 
so that all orders can be shipped promptly. 

Send your blue prints for quotations on your 
insulating parts. 

THE FORMICA INSULATION COMPANY 

4638 Spring Grove Avenue 
CINCINNATI, OHIO 
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ORMICTÀ! 
Made from Anhydrous Bakelite Resins 
SHEETS TUBES RODS 
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Editorial 
AT the moment the radio industry revolves around the 

popularly termed "A.C. Set." On this class of receiver 
Is pinned the hopes of the majority of radio set 
manufact urers. 

Considering the numerous advantages of the A.C. Set, which 

are too obvious to mention. it is not difficult to visualize a 

radio market larger than any the industry has yet been favored 
with. Surely, with the recent mergers, cooperative plans in 

the merchandising field and increased stability, a record 
market will be realized. 

The A.C. tube, the backbone of the A.C. Set, has solved 
once and for all the most confusing merchandising problem 
that ever beset an industry. We hasten to supplement this 
with our own belief that the A.C. tube does not completely 
satisfy the A.C. problem. 

Personally, we should like to think of this tube as some- 

what of a stepping -stone to a more wide- sweeping development. 
from both the engineering and sales point of view. Coupled 
with this attitude, we are decidedly anxious to witness re- 
search towards the further improvement of electric receivers. 

It is of key importance to build public confidence in radio 
and efforts should he made to ooaaaence developmental work 
at the earliest possible moment to prevent the recurrence of 
shortcomings and premature designs. 

With the problems of tube life. electrical efficiency, line vol- 
tage regulation, perfect filtration and simplicity of design to 
contend with there is much in favor of the series filament 
string power unit, employing a single rectifier and a single 
filter network and "battery type' tubes. 

For the past few years we have witnessed a steady growth 
in the development of high voltage, high current rectifiers of 
numerous types. We have also witnessed improvements of 
major importance in the design of simplified filter systems 
cápable of realizing the large current demands of a series 
string receiver. New developments will be announced shortly. 

The series string system is of sufficient importance to re- 
ceive the consideration of every engineer. 

We sincerely trust that developmental work along this line 
will be carried out in the laboratories of every radio manu- 
facturer. RADIO ENGINEERING will publish a vast amount of 
information on the general subject in future issues. 

M. L. MUHLEMAN. Editor. 
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R A D I O P A R T S 

IMPROVE\ME\TS and changes in 
radio occur in rapid succession. 

Manufacturers need a dependable 
source of supply which can assume 
production responsibilities for 
small parts at short notice. Sco- 
vill, with its tremendous resources, 
experience and up -to -date meth- 
ods, offers consistent quality in 

large volume. From a sample, 
blueprint, or even an idea, Scovill 
will make to order any quantity 
of radio parts: condensers, con- 
denser parts, metal stampings, 
screw machine parts, switches, etc. 
A wide variety of butts and hinges, 
continuous hinges and machine 
screws are kept on hand. 

Sruvill means SERVICE to all who require parts or 
finished products of metal. Great factories equipped 
with the last word in laboratories, and modern machinery 
manned by skilled workmen, are at your disposal. 'Phone 

the nearest Scovill office. 

(CÇ %V 
l 
i 

MANUFACTURING COMPANY - Waterbury, Connecticut 
NEW YORK - CHICAGO - BOSTON - SAN FRANCISCO 
DETROIT - PHILADELPHIA - LOS ANGELES - ATLANTA 

PROVIDENCE - CLEVELAND - CINCINNATI 
IN EUROPE - THE HAGUE, HOLLAND 

Member, Copper and Brass Research Association 
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One or a million 
without variation 

THE Sylvania Products Co. of Em- 
porium, Penna., makers of Sylvania 
radio tubes, now use Durez for their 
tube bases. They find that this re- 
markable plastic not only meets their 
high standards of quality, but -it ac- 
tually lowers their production costs. 

Many other large manufacturers 
have told us the same thing. Durez 
eliminates many costly operations. It 
fuses and hardens with marvelous 
rapidity. Once molded the part is com- 
plete. No tooling or burnishing neces- 
sary. And -best of all -the millionth 
part an exact duplicate of the first 

Durez is most attractive in appear- 
ance. Manufacturers can produce 
better- looking parts and produce 
them faster and more economically 
with Durez. With Durez you can 
give your product better insulating 
properties, better wearing properties, 
and an all -round distinction which 
brings quicker consumer acceptance. 

At left are a number of Durez radio 
parts. For the manufacturer of each 
of these, Durez is bringing about a 
manufacturing economy and produc- 
ing a more durable and acceptable 
product. Our engineers and labora- 
tories are at your service. Write to 
us today. 

General Plastics, Incorporated, 34 
Walck Road, North Tonawanda, New 
York. Also New York City, Hart- 
ford, Chicago, San Francisco. 

0 
Send for this 

interesting booklet 
Our new booklet, "Do it with 
Durez," tells the complete 
story of this wonderful plas- 
tic. It shows how Durez is 
economically adapted to meet 
the most exacting needs. Pro- 
fusely illustrated in full col- 
ors. Write for a copy today. 
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arvelous Results 

with 

Tubes 

Thee little bronze emblem in the familiar chape of the ram.. Gothee 

l'eerle.. Reproducer in available to all net -matters unenw the Ill leer 
e - I r Attached tao the cabinet t, es 

n 

el 4uwler, l'unntruc- 
non that the dealer and jobber can p ,nt to wth pride. 

BY A. T. HAUGH 
Vire -Presides!, United Radio Corporation 

Rochester, New York 

IN January and February of this year, a 

funny thing happened! 
We had planned to practically close down 

the factory- and clean up -after a. super - 
hectic six months. 

The day after New Year's, orders for twenty- 
one hundred Peerless Reproducers came in 
one day's mail. 

And they kept coming! 

We got busy -put on our full force again - 
and started trying to beat last fall's peak pro- 
duction record! 

Then we looked around to find out WHY. 
We found dealers buying Peerless Reproducers 
that never bought before. We sent a couple of 
men out to probe around and find out why. 

It was the new A. C. Tube Sets! 

Dealers had tried out their regular lines of 
speakers. Something happened they didn't 
like. They tried Peerless Reproducer. It stood 
the gaff! It took the volume. Its wide frequency 
range showed up better than ever 

Orders came pouring in. One jobber phoned 
300 miles to say that he had orders for 14 sets 

eerie 
REPRODUCER 

if he could supply Peerless Reproducers with 
them. "The dealer insists nothing else will do 
with these A. C. sets!" said the jobber. We sent 
a rush shipment! 

And because the word was passed around 
that Peerless Reproducers performed so well on 
A. C. sets our March 1st order file showed un- 
filled orders in excess of our biggest fall month. 

Now, if you're putting out an A. C. Tube set 
for this season, the moral is simple: Use a Peer- 
less Reproducer Built -In Model 7 -B with it. 

You have the dealers' word that Peerless Re- 

producer out - performs any other speaker on 
the A. C. Tube Sets. 

Will gladly send a sample and engineering 
details at once. Or if you want a Peerless man, 
say so, and he will gladly see you soon. 

This is an "A. C.- Set -Year" -and that means 
it is a "Peerless- Reproducer- Year!" 

Let's hear from you. We can help you to bigger 
sales and better jobber- dealer -user satisfaction. 

UNITED RADIO CORPORATION, ROCHESTER, NEW YORK 
UR -129 

j www.americanradiohistory.com
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Condensers 
that 

Last Longer 
and 

Serve Better 

f 

CONDENSERS made by Automatic Electric Inc. continue to serve faithfully long after other makes break down or "go dead ". To 
those familiar with the history of this company and its contribu- 

tions to telephone engineering and development, this fact will not be surprising. 

Condensers made to meet the requirements of large telephone companies 
must "stand up" under years of constant service. There can be no guess 
work as to design or construction and no compromise with quality. 
For nearly forty years, Automatic Electric Inc. has been meeting these 
rigid specifications. Now, through the enlargement of its condenser 
manufacturing facilities, filter and by -pass condensers of the same high quality are available to the radio trade and to radio manufacturers and jobbers. They may be had in a variety of capacities and styles or made to meet particular specifications. 

°Address all communications to 

1033 WEST VAN BUREN STREET 
CHICAGO, U. S. A. 

REPRESENTING 

TROWGEk etUTOMAT1 ' 

CONDENSERS 
MADE BY 

Automatic Electric Inc. 
CHICAGO, U S.A. 

-- 
H----0 - 

ittThi 
. 
11 
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ghe 

the Coil's thing. 
that makes the "Light 

Socket" set possible. 

Dudlo Poly -Power Transformer Coils 
can be wound and tapped to furnish 
A, B, and C currents at any specified 
voltages required by Radio receivers 
or power units. 
Dudlo engineers are at the service 
of Radio Manufacturers to assist in 
designing a Poly -Power coil to meet 
their special needs. 

The Master Hand of the Radio Engineer 
now brings to the modern Receiving Set the 

Poly -Power 
Transformer Coil 

With the source of power now made 
as convenient and reliable as electric 
lights, a great new market is opened up. 

Thousands of folks who never before thought they could 

operate a Radio can now enjoy the wonderful programs 

without worry about the A, B, or C current supplies. 

So again Dudlo meets the needs of the Radio manufacturer 
by preparing far in advance for volume production of these, 

the most intricate of all Radio coils. Special machinery has 

been designed and installed in anticipation of the greatest 
season the industry has ever known. 

DUDLO MANUFACTURING COMPANY . FORT WAYNE, INDIANA 
Division of THE GENERAL CABLE CORPORATION 

56 EARL STREET 4153 BINGHAM AVE. 274 BRANNAN ST. 

NEWARK, N.J. ST. LOUIS, MO. SAN FRANCISCO. CALIFORNIA 160 NORTH LA SALLE STREET 
CHICAGO. ILL. 
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HAGERMAN ENSE 
The Perfect 

Custom -Built 
Ensemble! 

Table model 
Speaker with power 
unit compartments. Super "B" Powe Supply "A" Supply 

These Leading Manufacturers Make This 

CECO 
Ceco Tubes are used in the Hagerman 210 -A -Six Ensemble 
because of their uniform reliability- because they perform 
well, last longer- because they represent advanced engineer- 
ire. t' L. Mfg. Co., Eddy St., Providence, R. I. 

JEWELL 
Voltmeters 

In the Hagerman 210-A. C. -Six Ensemble, Jewell instru- 
nteuts were chosen because of the years of experience of 
the manufacturer and because of the special fitness of 
these instruments for adaption to this circuit ; Jewell in- 
struments are accurate, sturdy and good looking, and will 
give untId satisfaction in their use.-Jewell Electrical 
Instrum,nt Co.. 1, :',11 \\ ,a:ni, Wit.. Chicga,:- 

THORDARSON 
Power Compact 

"Transformers" and " Thordarson" are almost synonymous. 
The reliability and efficiency of the radio set or power supply 
is directly in ratio to the theoretical and mechanical per- 
fection of the voltage supply or amplifying transformers. 
The R -171 and R -210 Power Compacts are the heart of 
any power amplifier or "B" supply.- Thordarson Electric 
Mfg. Co., 500 W. Huron St., Chicago. 

NEWCOMBE- 
HAWLEY 

Speaker Console 
The superi, ,l:caker, with wider range of tonal repro - 
duction and amplification than any other type. It imparts 
to a set, with or without power amplification, a beauty 
of tone and fullness, rivaled only by the original itself. - 
Newcombe- Hawley, Inc., St. Charles, Ill. 

www.americanradiohistory.com

www.americanradiohistory.com


Radio Engineering, April, 1928 Page 9 

Every Desirable New Feature in One Set 
A really new broadcast receiver ensemble for the custom set builder, incorporating super 210 
tube power amplification in the set itself, complete A.C. operation with standard tubes, tone 
quality surpassing any but the highest priced manufactured receivers, and possessing every 
other feature to as great a degree as is possible to obtain with present -day laboratory precision 
in theoretical, technical and mechanical design. 

The Hagerman 210 -A.C. -Six Ensemble represents not 
the efforts or work of any individual, but the combined 
engineering and technical knowledge of the nationally 
known manufacturers associated in the promotion of 
this receiver assuring success in its construction. 

In its design every factor has been considered. No one 
feature has been overdeveloped or sacrificed at the ex- 
pense of another. It was not built to sell any one part 
or group of parts, but is offered to the set building 
public as a feasible and practical means of obtaining 
in one radio set, oil the new developments of the past 
year, at a price approximately that of an ordinary, 
manufactured receiver. 

Construction -Particular attention has been paid to the 
mechanical construction, as well as the theoretical and 
technical phase. When assembled, a Hagerman 210 - 
A.C. -Six is as workmanlike and beautiful in appearance 
as the most expensive factory built receiver. 

Performance -The Hagerman 210- A.C. -Six Ensemble 
actually has: 10 kilocycle selectivity ... A power fac- 
tor many times that of the ordinary set ... Complete, 
perfected A.C. operation, with standard tubes . . 

Super power amplification, using a 2111 type tube 
in the set itself ... Perfect tone quality. from a 
whisper to auditorium volume ... Sensitivity, 
combined with great amplification that brings 
in distant stations with "local" volume . . 

Perfect control of oscillation, both of the 
collective and individual stages of tuned 
radio frequency . . . An automatic, pre- 
determined tuning system. The station 
is known before hearing the announce- 
ment . These features speak f.n 
themselves more strongly than any 
superlative description. Complete 
parts sold the country over 

Set An Outstanding Radio Achipi,,mpi 

BENJAMIN 
Sockets --R. F. Transformers 

Benjamin Cle -ra -tone sockets are the acknowledged stand- 
ard. Benjamin Tuned Radio Frequency Transformers will 
insure the success of any custom -built tuned radio frequency 
set, with their technical and mechanical perfection, excep- 
tional efficiency and beauty of design.- Benjamin Electric 
Mfg. Co., 120 S. Sangamon St., Chicago. 

BELDEN 
Wire -Cable- Antenna Kit 

\Vire is an essential factor in the mechanical perfection of 
any custom -built radio set or accessory. Belden Colorubber 
Hookup Wire, because of its electrical efficiency and ease 
of working, is the natural preference. 
Other essential Belden radio products are power cords, in- 
door and outdoor antenna kits, and wire for every radio 
requirement. -Belden Mfg. Co., 2300 S. Western Ave., 
Chicago. 

MUTER 
Power Condensers -Resistances, Etc. 

The filter condensers of a power circuit are its most critical 
constants. Muter precision manufacturing methods assure 
the custom set builder, when he uses Muter Power Con- 
densers, as well as chokes. resistances. transformers, etc.. 
that the set he builds will be perfect in every detail.- 
Leslie F. .Muter Co., 76th and Greenwood Ave., Chicago. 

W. C. BRAUN CO., Distributors 
563-71 W. Randolph St., Chicago 
Send me full information about 

M 

the Hagerman 210- A.C. -Six 
Ensemble. Please rush' ),Q.01'1 

r'''' / ,,ac 
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Durham 
Resistors for Every 

Power Purpose! 
NOW, after three years of experiment and research, 

International Resistance Co. offers a complete lint 
of resistances for all types of receivers, power amplifier, 
and accessory radio devices at new low costs which 
represent important savings. 

Durham Resistors are supplied in ranges from 500 
Ohms to 10 Megohms, while Durham Powerohms range 
from 1 to 50 Watts and are supplied with every practical 
type of tip as illustrated. All are constructed upon the 
well -known Durham Metallized principle which has been 
approved in every type of service by the most important 
set and amplifier manufacturers in the country. 

As for years past with Durham Resistors, these modern 
Powerohms are guaranteed for accuracy and absolute 
dependability. 

Samples and full data with accurate operating curves 
together with prices, supplied upon request. 

1 Durham Resistors -500 Ohms to 10 Megohms; standard 
brass end tip, mould or pigtail type. 

2 Durham Grid Suppressors -250 Ohms to 3000 Ohms in 
steps of 100; standard brass end tip. 

3 Durham Powerohm -1 Watt; 250 to 1.000.000 Ohms; 
standard brass end tip or pigtail type. 

4 Durham Powerohm -2ms Watts; 500 to 250.000 Ohms; 
standard brass end tip type. 
Durham Powerohm -2m <: Watts; 500 to 250.000 Ohms; 
knife -end type. 
Durham Powerohm -2'-s Watts; 500 to 250.000 Ohm.: 
soldered end tapped type. 

Durham Powerohm -2, s Watts; 500 to 250.000 Ohm, 
screw -end type. 
Durham Powerohm -5 Watts; 250 to 250.000 Ohms; 
soldered end tapped or screw -end type. 
Durham Powerohm -10 Watts: 250 to 250.000 Ohms; 
soldered end tapped and screw -end type. 

Durham Powerohm -25 Watts; 250 to 250.000 Ohms; 
soldered and tapped. 

Durham Powerohm -50 Watts; 250 to 250.000 Ohms; 
soldered and tapped. 
Durham Mounting supplied in various lengths to carry 
any required number of Powerohms where quick change 
of resistance is necessary. 

5 

6 

7 

8 

9 

10 

11 

12 

INTERNATIONAL RESISTANCE COMPANY 
21! South 20th Street, Philadelphia, P.1. 

TT1T T I 

METALLIZED iZl l 
P OWERO HM RESISTOR R SM D £ 

Radio Engineering, April. W2 

mETALLIZEo 
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TEM Pi. 

Temple Air -Chrome Speakers 
for Manufacturers & Engineers 

Three Models Are Ready 
14 "x14" 18 "x23" 

24 "x24" 

Write for Information 
on Other Sizes 

THE Temple Air -Chrome represents one of the 
most startling speaker developments that the 
industry has ever seen. It couples Temple 

engineering and experience in speaker manufactur- 
ing with one of the most advanced principles ever 
developed in sound reproduction and at the same 
time carries with it more of the essentials demanded 
by manufacturers than any speaker developed up 
to this time. 
The Temple Air -Chrome is of the open radiator 
type, but instead of one diaphragm, like the cone, 
it has two. These two diaphragms make possible 
the balanced tension principle whereby the slightest 
impulse is carried from the driving unit to the 
diaphragms without any loss. Lightness is com- 
bined with rigidity in the construction -climatic 
changes have no influence in that no paper is used, 
and the mechanical construction and design elimi- 
nates the inherent difficulties ordinarily met with. 
These factors, plus the performance of a specially 
developed powerful Temple Double Action Unit, 
accounts for its handling capacity -for its enormous 
volume -its brilliancy -its full response to all 
audible frequencies. That's why the Temple Air - 
Chrome will not chatter -why it is suited particu- 
larly to every kind of power output. 
Three sizes of the Temple Air -Chrome speaker are 
ready in the manufacturers type: 

Size Depth - 

14 "x14" 7" 

18 "x23" 81" 

24 "x24" 9" 

Write our engineering department for further data 
on other sizes -let us help you solve your speaker 
problem. 
For manufacturers desiring air column speakers, 
Temple designs of almost every shape and size are 
available. Designed by Prof. P. G. Andres, they are 
all true exponential models designed for maximum 
response. 
Write for data on special manufacturers types of 
Temple Double Action Units matched particularly 
to your output and air column requirements. 

Air -Chrome Division 

TEMPLE, Inc. 
1925 S. Western Ave., Chicago, III. 

LEADERS IN SPEAKER DESIGN 
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This Book Contains 
Valuable Information For You 

WE believe that every designer of 
radio equipment will want a 

copy of "Aluminum for Radio," just 
issued, which describes and illustrates 
many of the latest applications of alu- 
minum in radio apparatus. Between 
the covers of this little book is infor- 
mation which cannot fail to interest 
you and which may prove of inesti- 
mable value to you. 

Manufacturers today are using more 
and more Alcoa Aluminum because of 
the efficiency with which this one metal 
meets the widely differing conditions 
encountered in radio design. 

Aluminum is widely used for shield- 
ing, condenser blades, chasses, sub - 
panels, loud speaker frames and for 
front panels (decorated in a variety of 
rare wood grain effects). Countless 
screw machine radio parts of Alcoa 
Aluminum are being used. Aluminum 
foil is preferred for fixed condensers. 

We will be glad to have you consult 
us on problems involving the use of 
Aluminum in Radio. Call upon us freely 
for access to the fund of technical in- 
formation that has been accumulated 
by our laboratories. 

Write us today for your copy of 
"Aluminum for Radio." 

Al.l IIINUM COMPANY OF AMERICA 
2468 Olier Building Pittsburgh, Pa. 

ALUMINUM 
`?he mark of Qua lity in Rudlo 
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SPEAKERS 
FOR BUILT -IN INSTALLATION 

We announce to cabinet and set 
manufacturers that a complete 
line of compact, lightweight, 
quality reproducers fulfilling the 
requirements of cabinet console 
or separate unit installation is 
ready for your test and inspection 

These reproducers establish a 
new low price standard for built - 

in speakers 

ETE PhILIB 
BLOC -TYPE SPEAKER 

OPERADIO MANUFACTURING COMPANY 

700 East 40th Street, - - Chicago, Illinois 
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This rugged portrayal of the idea of strength, stress, yank and pull, tells 
the story of the only shake proof lock washer. 

From the great strain and vibration of the heavy automobile chassis, to the 
vibration of a small heating iron, the first duty of the washer is to make a 
permanent tight connection. Good radio must have good connections. 

That is absolutely what the Shakeproof Lock Washer brings to radio. 
Its twisted teeth, set at an angle, and at equal intervals around the diameter - bite deeply into the material as vibration increases. 
Plus this big exclusive feature of multiple locking, the Shakeproof Lock 

Washer is absolutely tangleproof -is easier to handle by workmen -does 
not mar the work. 

"NOT A TANGLE IN A TON" 

11100 ® 000 
Type 20064 Type 20061 Type 2005 

D 0 
Type 12 Type II 

Internal Teeth External Teeth 

SHAKEPROOF 
LoclzWasherCompany 

2509 North Keeler Avenue, Chicago, Illinois 

Send for free shop test samples. 
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RACON 

EXPONENTIAL 

HORNS 

TYPE O B 
No. 1315 

Air Column -104 inches 
Be1l -18" x 24" 
Depth 13" 
Price $18.00 

TYPE O B 
No. 320 

Air Column -78 inches 
Bell -10" x 20" 
Depth 13t /" 
Price $9.00 

RADIO 
ENGINEERS 

ATTENT/ON. 
Leading Acoustical Engineers in the United 
States have pronounced Racon Exponential 
Air -Column Horns the finest made. 

The perfection of their performance -clearness -depth and beauty of 
tone -faithfulness and accuracy of amplification give the "sales- clinch- 
ing" proof expected by today's radio customer. 

De Luxe Receivers, the Leaders, in the United States, Canada, England 
and Europe have Racon Installation; a tribute to the engineering exact- 
ness with which they are designed and manufactured. The installation 
of Racon Exponential Air -Column Horns in the Models you are now 
planning will render them complete units -of- service -assuring customer 
satisfaction. 

Racon Exponential Air -Column Horns are 
Manufactured Exclusively under Racon 
Processes and Materials Patented in the 
United States, Canada and Great Britain. 
The impregnated, hardened fabric is of ab- 
solutely homogeneous, non -porous and 
vibrationless, one -piece construction. 
The lightest horn made. Nothing to break, 
chip or crack. No servicing required. Un- 
affected by climatic conditions or hard 
abuse. Ship safely. 

Racon Exponential Air -Column Horns 
give longest air -column in the smallest 
space ; acoustically correct and with a mel- 
lowness and richness of amplification hav- 
ing demonstration and sales value hereto- 
fore unknown. 

Racon Exponential Air -Column Horns are 
made in all shapes and sizes up to six feet 
square for Theatres and Auditoriums, de- 
monstrating that Vibrationless Fabric is 
the only perfect medium for Acoustic Am- 
plification. Stock Models that snugly fit 
into beautifully designed cabinets ; over 100 
61/" depth upwards. Special Models designed 
individual requirements. 

TYPE A S 

No. 100 

Air Column -84 inches 
Bell -14" round 
Depth 9" 

to 

Consult our .4enetxtiral Engineers 

select from, 
to meet your 

Racon's New Sensation -for the Home. To be Announced Soon! 
RACON ELECTRIC COMPANY, Inc. 

105 Sherhourne St.. Toronto, Canada 

- -FACTORIES__ - - 

18 to 24 Washington Place, New York, N. Y. Slough, Bucks, England 
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MICARTA 
the 

Permanent 
Panel 

Material 

The 
Beauty 

of 

MICARTA 
RADIO sets are judged by their appearance as well as by 

their performance. 

Micarta -with its high dielectric strength and low power loss - not only builds efficiency into a radio set, but it also adds 
permanent beauty. Walnut burl, walnut grain, ebony, and 
mahogany finishes of Micarta enhance the appearance of any 
radio set -no matter how artistic the design. 

Micarta machines easily. The drill and the saw never chip it. 

Micarta radio parts of every design -in any quantity -can be 
obtained from- 

MICARTA FABRICATORS, Inc. 
309 Canal St. 500 South Peoria St. 
New York, N. Y. Chicago. Ill. 

Westinghouse Electric & Manufacturing Company 
East Pittsburgh Pennsv'Ivania 

Sate. (Nhce. in All Principal Chies of 
the United State. and Foreign Countries 

Westinghouse 
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The Stabilized Oscilloscope 
A Stabilized Cathode -Ray Oscillograph H itl Linear Time- his* 

By Frederick Bedell¡ and Herbert J. Reich 

Tin, oscillograph employing a 
vibrating cathode ray. first used 
by Braun and later so admir- 
ably developed by Ityan and 

others. has certain distinct advantages 
over the oscillograph of the Itlondel 
or Duddell type in which a vibrating 
mirror is used. Foremost amen, these 
advantages is the fact that the cathode 
beam is free front inertia and can 
readily follow the variations of an 
electric or magnetic field even at high 
frequencies. The cathode -ray oscillo- 
graph. as hitherto eomnwaly employed. 
has. however, the disadvantage that it 
has not been possible with it to show 
the variations in a number of quan- 
tities at the same titre. nor to show 
these variations. as is done with the 
vibrating mirror ostill..grapla. as 
curves with time as :abscissa in rect- 
anlcataar coordinates with which every- 
on, familiar. 

Fig. 1. Internal view of the sta- 
bilized oscilloscope. 

While the cathode -ray oscillograph 
has proved a highly valuable tool for 
a wide range of engineering and 
scientific investigations. including both 
cyclic and transient phenomena. and, 
in certain respects, is superior to the 
oscillograph of the mirror type, it has 

Courtesy of the Journal of the 
A. I. E. E. 

t Professor of Physics, Cornell t'nl- 
t-rraify. 

suffered by the two limitations, just 
described. These limitations. how- 
ever. may he removed ani the field 
of iI-tlulaess of the cathode -ray 
,.-'-itI.graph so widened that it be- 
come- practically a new instrument. 
As the instrument developed for this 
pnro,ose. (shown in Figs. 1 and 1A). 
i- primarily intended for visual obser- 
vation. we have given It the name 

.,s(-illoscope." Permanent record may 
be obtained. when desired, by a photo- 
graph in the usual way. On the other 
hand. an oscillograph of the Blondel 
or Inuldell type, both in name and in 
fact. is primarily for graphical 

\..t being limited to a single e- ' I 

Phenomenon. the oscilloscope is poly 
cyelio: furthermore. it is stabilized s'' 
that the wave or waves stand station 
try for observation and this become - 
partienlarl important when several 
waives are observed at one time. Re- 
current transients. as well as more 
usual laeriodic phenomena, may he 
observed. 

The cathode -ray oscillograph tube is 
so well known that it needs no descrip- 
tion. The cathode beam, focused on it 

finorescent screen or photographic 
plate. is deflected In one direction by- 

one set of plates or coils, and in a 
perpendicular direction, by another set 
of plates or coils. 

An admirable and full account of 
caritas types of cathode -ray oscillo- 
graphs and their development from the 
beginning is given by A. B. Wood and 
others in the .Journal A. I. E. E. (Nov.. 
19251. with 63 pages and 12i refer - 
enees. So complete is this account, 

a with its bibliography). and so admir- 
able is the presentation that further 
discussion here Is unnecessary. 

The Polycyclic Distributor 
In using the cathode -ray oscillo- 

graph. it occurred to the writers that 
if one pair of deflecting plates or coils 
could be successively switched by a 
distributor from circuit to circuit in 
rapid succession, the cathode beam 
would follow each in turn, making pos- 
sible the simultaneous observation of 
several unknown quantities. We have 
found this to he the case and that 

t%-hen switched at proper intervals. the 
curves appear to the eye as simul- 
taneous and continuons. due to per- 
sistence of visitai, and likewise so ap- 
pear in a photographic recors. The 
development of a four -way experi- 
mental distributor for this purpose is 
shown in Fig. 2. A resistance is in- 

Fig. 1 -A. Front view of the sta- 
bilized oscilloscope. 

chiral in each of the four circuits as 
protection in case of shunt -circuit. A 
brush If bears on a continuous slip -ring 
ti, which are connected staggered quad - 
rants. Each of the remaining four 
brushes cuites in contact, in turn. with 
one of these quadrants. The ter- 
minals 1 1' aire connected to one pair 
of deflecting plates of the oscilloscope. 
the terminals Y. Y,. I"., I -,. I'., I-, F, 1', 
being connected to the several circuits 
under test. It will be noted that F., is 
a common terminal: if any of the cir- 
cuits cannot be so connected, an in- 
sulating transformer should be inter- 
posed between such circuit and the dis- 
tributor terminals. Avoiding the com- 
mon terminal, a double distributor can 
be used in a special case when neces- 
sary. 

Linear Time -Axis 

A linear time -axis, desirable for the 
observation of a single quantity, be- 
comes almost a necessity in order to 
make a satisfactory interpretation 
Possible when several quantities are 
simultaneously studied. 

The need of a linear time -sxis with 
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the cathode -ray oscillograph bas long 
been recognized and various ingenious 
methods have been proposed for its 
accomplishment, often, however, with 
but limited application. Mechanical 
devices are limited in range of fre- 
quency; electrical devices, although not 
thus limited, are liable to be unstable, 
and stability, as has been pointed out, 
assumes prime importance when 
several curves are simultaneously ob- 
served, as any motion of the curves 
creates hopeless confusion. Even for 

Yo 

Yo 

Yo YI Y2 Y3 Y4 

FIG.2 
Connections for the polycyclic 

distributor. 

a single curve, stability is needed if the 
curve is to be carefully studied and 
perhaps sketched, traced or photo- 
graphed. Furthermore, electric de- 
vices without proper precautions are 
liable to produce distortion. 

A linear time -axis may he obtained 
if we have available either a syn- 
chronous mechanical switch or a 
synchronous electric valve. Thus, if a 
condenser is charged at a uniform rate 
through a resistance, or otherwise, and 
is periodically discharged by a syn- 
chronous switch, the difference of 
potential across the condenser ter- 
minals will increase linearly with time 
while the switch is open, and drop 
suddenly to zero each time the switch 
is closed. 

The Corona Valve 
A mechanical synchronous switch is 

cumbersome and can be operated only 
at low frequency. A synchronous elec- 
tric valve that would automatically 
perform the same function at high or 
low frequency would evidently be 
better. Such a valve is found in the gas - 
discharge lamp, containing commonly 

or argon, the characteristics of 
which are well known. (See bibliog- 
raphy). When subjected to an in- 
creasing voltage, no current will flow 
through such a lamp until a certain 
critical "ignition" voltage is reached. 
Current then flows (analogous to the 
closing of the switch) and continues 
to flow until a definite lower "ex- 
tinction" voltage is reached. Current 
then stops, analogous to the opening 
of the switch. The difference between 
the ignition and extinction voltages 
depends upon the frequency and type 
of lamp. 

Each gas -discharge lamp possesses a 
certain capacity, so that, when con- 
nected to a source of e.m.f. through 
a resistance (in excess of a certain 

"critical resistance "), the lamp will 
light and re -light at definite frequency. 
This frequency may be varied through 
a wide range by varying the resistance 
and capacitance of the circuit. The 
gas -discharge lamp acts as a syn- 
chronous electric valve, performing the 
functions of a synchronous mechanical 
switch. Due to its nature, it may be 
referred to as the "corona valve." 

Many theoretical and experimental 
studies (see bibliography) have been 
made of this phenomenon. Suffice it 
to say that the oscillation frequency is 
under control by adjustment of re- 
sistance and capacitance, the maximum 
frequency being obtained by reducing 
capacitance -including the capacitance 
of all circuit connections -to a mini- 
mum. Capacitance may be obtained 
by means of condensers in parallel with 
the corona valve or in parallel with a 
series resistance. 

While the oscillating circuit can be 
adjusted for audio, commercial and 
lower frequencies, frequencies much 
higher than audio -frequencies are not 
readily obtainable with usual appa- 
ratus. A frequency of 9,000, however, 
is reported by Oschwald and Tarrant, 
using a resonant circuit ; but resonance 
tends to produce a sine -wave oscillation 
rather than the straight saw- toothed 
wave required for a true linear time - 
axis, and is to be avoided in an 
oscilloscope in which accurate repro- 
duction of wave -form is sought. On 
the other hand, low frequencies, of. 
say, one every minute or, indeed, every 
hour, are obtainable and there is no 
obvious reason why with sufficient 
capacitance, (and patience), one 
could not reduce the lower limit 
almost indefinitely, if there were any 
object in so doing. 

Oscillating Circuit 

Circuit connections for obtaining a 
linear time -axis, are shown in Fig. 3. 
In the resistance circuit A P C, con- 
nected to the battery A B C, is inserted 
the corona value V. which, either alone 
or with supplemental condensers in 
parallel with it, has a capacitance c, 

and a potential difference y = q /c. 
The corona valve passes no current, 

TO 
OSCILLOGRAPH 

C 

FIG.3 

Circuit connections for obtaining a 
linear time -axis, using batteries. 
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acting as an open switch. until the 
potential difference between its 
terminals, as charge accumulates, 
reaches the ignition voltage. Current 
then flows and the potential difference 
drops until extinction voltage is 
reached; the current then stops, the 
potential difference again builds up 
and the cycle is repeated. 

Fig. 4 shows the variation in the 
difference of potential between a point 
P in the resistance circuit and a point 
of reference B of fixed potential. The 
curve of potential -rise is exponential, 
as shown by the dotted curve. By 
using only a short element of this . 
curve, the rising part of the saw - 
toothed curve is sufficiently straight to 
give the desired linear time -variation, 
when P and B are connected directly 
or through an amplifier to the de- 
flecting, elements of the oscillograph. 
Other points, as P' and B', give a 
similar but smaller variation, the 
amplitude of the time variation being 
capable of adjustment in this manner. 
The short, falling part of the saw - 
tooth curve. corresponding to the brief' 

TIME 

FIG. 4 
Illustrating the potential variation 
between points P and B in Fig. 3. 

interval during which current is flow- 
ing through the corona valve, is so 
rapid that the spot of light on the 
oscilloscope screen shows only a 
negligible trace as it sweeps back to 
repeat the cycle. 

Fig. 5 shows the connections for 
operating the oscillating circuit when 
a thermionic tube W replaces part or 
all of the resistance in series with the 
corona valve. A constant current 
through W. when operated above 
saturation. gives a uniform increase in 
r during the rising part of the saw - 
tooth curve, and so assures a linear 
tithe -axis. 

Connections are likewise shown in 
Fig. 5 for operating the oscillating cir- 
cuit when resistors, supplied with di- 
rect current from a generator or bat- 
tery eliminator, are used in place of 
batteries. The same resistor system 
may supply the accelerating potential 
for the cathode -ray tube as well as 
any voltages that may be needed for 
bias or for the vertical or horizontal 
displacement of the cathode -ray beam. 
Operation with such a resistor system 
is very convenient. giving ,a nicety of 
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adjustment not possible with batteries, 
provided precautions are taken to de- 
sign the circuits, (including the cir- 
cuits of a battery eliminator, if used), 
so that the several adjustments are 
sufficiently independent. The use of 

H J 

D' D" 

FIG.5 
Connections for obtaining a linear 
time -axi using a generator or 
battery eliminator, and a vacuum 
tube In place of resistance P, in 

Fig. 3. 

more than one eliminator would. of 
course, obviate the difficulty, but n 
single eliminator, properly compen- 
sated and designed for the purpose. 
will suffice. After the use of such an 
eliminator, batteries seem cumber- 
some and are a source of error when 
they do not give just the proper volt- 
age. When a generator supply is used. 
commutator ripples may be filtered out. 
if necessary. 

Stabilizing 
In order that the curves shown by 

the oscilloscope may be stationary. it 
is necessary first to synchronize and 
then to stabilize the oscillating circuit: 
that is, the frequency of the oscillating 
circuit is first so adjusted that the 
cathode beam sweeps back once every 
half cycle, or some multiple of it, of 
the varying quantity under observa- 
tion, and is then locked in step and 
so stabilized. As an automobile 
engine is first synchronized and then 
thrown into a particular gear. the 
oscillating circuit is synchronized and 
then thrown into the desired gear, 
electrically, so the curve shown in- 
cludes one or more cycles. or half 
cycles, of the quantity observed, as 
may be desired. Without being thus 
stabilized, the curves are liable to move 
and make observation difficult. 

Stabilization may be effected in 
various ways, the simplest method 
being by introducing into the oscillat- 
ing circuit a very small e. m. f. of 
the same frequency as the circuit 
under observation. This may occur in 
a way that is casual and uncontrolled, 
(whether by accident or design), 
through leakage or induction;. thus. 
under certain conditions, we found 
that curves stood still when the 
operator merely raised his hand as 
though warning an animate being. 
Such stabilizing was promising and. 
fascinating. Casual stabilizing, how- 
ever, produces distortion; for. unless 

the stabilizing e. m. f. is controlled, 
some of it will affect the oscillograph 
circuit. To avoid distortion, stabiliz- 
ing must be definitive, and the e. m. f., 
whether introduced conductively or 
inductively, so localized and controlled 
as not to affect the oscillograph. Thus, 
without attempting to discuss all pos- 
sible methods of stabilizing, it is 
obvious that the distortion produced 
by the introduction of an e. m. f. at 
J D, (Fig. 5), while appreciable, would 
be far less than if the e. m. f. were 
introduced at P B. The authors have 
found that, for the apparatus em- 
ployed, it is possible to obtain a 
definitive stabilization without dis- 
tortion and with an amount of energy 
so small that the disturbance to the 
circuit under test, even when it is very 
sensitive, is practically negligible. 

FIG.6 

Curves obtained through the use 
of different frequency ratios. 

The oscillating circuit may be 
brought to the proper frequency and 
then stabilized so as to show a single 
cycle or half cycle; or it may be 
brought to a lower frequency. 
( whereby more time is taken for the 
spot to sweep across the screen along 
the time -axis) to that several cycles or 
half cycles are shown. In observing 
60 -cycle phenomena, the oscillating 
frequency may, for example, he stabil- 
ized at 30. 13, 10 or 5 cycles, with, 
however, It decrease in stability. In 
this way, for the same phenomenon, 
different gear ratios may be used and 
curves as shown in Fig. 6 be obtained. 

Zero Line 
Curves are ordinarily superposed, as 

in Fig. 7. either with or without a zero 
line. A zero line is obtained by a 
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short- circuiting connection between 
Yo and Y,, 1', Y, or l'., in Fig. 2. 

Displacement 
A curve may be displaced (raised or 

lowered) with respect to the others by 
interposing a battery, or other source 
of d-e. voltage, between it and the 
common terminal Yo. Several curves 
may be so displaced, up or down, by 
varying amounts, depending upon the 
voltage and polarity of the battery. 

A displaced zero line is similarly ob- 
tained by using a battery instead of a 
short -circuiting connection referred to 
above. Two zero lines may be used. 
one displaced with respect to the 
other, as in Fig. S. 

When a resistor system as shown in 
Fig. 5 is used for supplying accelerat- 
ing potential to the cathode tube. dis- 
placement without batteries may be 
obtained by connecting the unknown 
not to Yo (and so to some point as D 
on the resistor) but to D' or D" dis- 
placed therefrom. 

Uses 

The oscilloscope may be used not 
only in the varied fields of investiga- 
tion in which the vibrating mirror or 
cathode -ray oscillograph is used but. 
on account of the characteristics here 
described. in additional fields as well. 
The stability of the linear time -axis. 
together with the multiple use of the 
oscilloscope by means of the polycyclic 
distributor. at once opens the way to 
many varied applications. With the 
oscillating circuit switched off, the 
instrument becomes available for all 
the uses of a cathode -ray oscillograph 
in the usual manner. The stabilizer 
linear time -axis is an added feature 
extending its usefulness. 

On the other hand, the oscillating 
circuit may be used independently as 
a convenient source of current of con- 
trollable frequency. An ammeter in 
circuit may be used to indicate the 
frequency. A loud speaker connected 
through an amplifier becomes a source 
.d 501111(1 of controllable, known pitch. 

Superposed, simultaneous curves 
with or without zero line. 

Although not limited to any one type 
of cathode -ray tube, a well -known low - 
voltage tube described by Johnson 
(Journal Opt. Soc., 6. 701. 1922) has 
been fount) well adapted for the 
oscilloscope and arrangements have 
been made for its use. 

The principles of operation of the 
oscilloscope are simple. Practically, 
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we have found that. in order to avoid 
error due to leakage or induction, 
many details though simple in prin- 
ciple are perplexing in execution. par- 
ticularly when we are not seeking an 
elaborate laboratory equipment. limited 
In use on account of Its scattered com- 
plexity. but an assembled. self-con- 
tained instrument. simple in operation 
and readily portable. Its availability 
adds materially to its usefulness. The 
senior author desires to express his 
appreciation of the assistance ren- 
dered by his colleague iu the dovelup- 
ntent and construction of the finished 
instrument. 
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Bureau of Standards Transmissions 
Radio Signal Transmissions of Standard Frequency, April to October 

TJIE Bureau of Standards an- 
nounces a new schedule of radio 
signals of standard frequencies. 
for use by the public in cali- 

brating frequency standards and trans- 
mitting and receiving apparatus. The 
signals are transmitted front the 
Bureau's station WWV. Washington. 
D. C. They can be heard and utilized 
by stations equipped for continuous- 
wave reception at distances up to about 
500 to 1,000 miles from the transmit- 
ting station. 

The transmissions are by continuous- 
wave radio telegraphy. The signals 
have a slight modulation of high pitch 
which aids in their identification. A 
complete frequency transmission in- 
cludes a "general call" and "standard 
frem'ency" signal, and "announce- 
ments." The "general call" is given 
at the beginning of the S- minute period 
and continues for about 2 minutes. 
This includes a statement of the fre- 
quency. The "standard frequency sig.- 
mal" is a series of very long dashes 
With the call letter (WWV) interven- 
ing. This signal continues for about 
4 minutes. The "announcements" are 
on the same frequency as the "stand- 

and frequency signal" just transmitted 
and contain a statement of the fre- 
quency. An announcement of the next 
frequency to be transmitted is then 
given. There is then n 4- minute inter- 
val while the transmitting set is ad- 
justed for the next frequency. 

Information on how to receive and 
utilize the signals is given in Bureau 
of Standards Letter Circular No. 171, 

which may be obtained by applying to 
the Bureau of Standards, Washington. 
D. C. Even though only a few fre- 
quency points are received. persons can 
obtain as complete a frequency meter 
calibration as desired by the method of 
generator harmonics. information on 
which is given in the letter circular. 
The schedule of standard frequency 
signals is as follows : 

Radio Signal Transmission of Standard Frequency 
Schedule of Frequencies in Kilocycles 

Eastern Standard 
Tiare April 20 May 21 June 20 July 20 Aug. 20 Sept. 20 Oct.22 

10:00 
111:12 

111:24 

111 :311 

10:4 
11 :INI 

11 :12 
11 :24 

10 :05 l'. M. 

10 :20 
10:32 
111:44 

10:51i 
11 :08 

11:20 
11 :32 

3000 
3300 
3600 
4000 
4400 
4900 
5400 
6000 

650 
750 
850 
950 

1060 
1200 
1350 
1500 

1500 21100 125 300 650 

16íu 33110 150 350 7511 

ISIN1 :iIINI 175 400 ,C,íO 

2IN)l) 415141 200 450 9.10 

2250 44041 225 500 10511 

251X1 491111 250 550 121111 

2750 541X1 275 600 1350 

3000 6000 300 650 1510 
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The Scramble for Short -Wave Channels 
in the Ether 

Both Public and Private Interests Are Involved in the Matter 
of Short -Wave Assignments 

AS was foreseen by commercial 
communication engineers, the 
entire complicated problem of 
disposition of available short - 

wave channels in the ether has been 
presented to the members of the Fed- 
eral Radio Commission. It was not 
due to good fortune nor to design 
that the Commission was able to hold 
back for a year the subject of dis- 
position, or distribution, of the high - 
frequency swaths through space. If 
fortune played any part in this post- 
ponement it was in having the popu- 
lar demand for improved broadcasting 
of entertainment at its height when 
the Commission was set up. Thus, 
it was natural that the Commission's 
efforts should first be directed toward 
pushing the half -dozen wave- jumping 
broadcasters back into the channels 
previously assigned them by the De- 
partment of Commerce, and then to 
begin gathering from radio engineers, 
and the broadcast managers, facts 
and figures which when assimilated 
and consolidated, might contain sug- 
gestions for a re- distribution of chan- 
nels which at least would bring a 
confirmatory response from the pub- 
lic. 

That, in itself, was a task of no 
small magnitude. and undoubtedly the 
Commission as at present constituted 
has so far done about as well with 
it as any other group of intelligent 
individuals could have done. 

Broadcasting is a one -way service. 
It is not Communication in the sense 
that telegraphs and telephones supply 
communication through the medium of 
wire conductors, and by organized 
telegraph and telephone service by 
means of radio. 

The subject of the electrical trans- 
mission of intelligence. or. simply. the 
subject of coffitiimiication. is one of 
vast ramilicatbnes: of far too great 
importance in its radio application to 
be classified under the non -informing 
head of "Short Wave Distribution." 

So far, in organizing marine and 
trans-ocean radio telegraph and radio 
tIcpleone commercial services. the 
n. .-ignatents of wave lengths for the 
various circuits has been. within cer- 
tain limitations. largely a matter of 
adjustment and agreement between 
the various operating companies and 
government departments using radio. 

This. of course. presented few seri- 
ous difficulties so long as the number 
of international circuits in operation 
was not large. But, when there is up 

By Donald McNicol 

for solution the problem of sensibly 
distributing the 2.00(1 ether channels, 
generally referred to as being in the 
short-ware columns. then the matter 
is resolved into one of great import- 
ance to the Government, to existing 
communication companies and to in- 
dividuals in our own country as well 
as to corresponding interests in other 
countries. And, so that nothing will 
be overlooked, we should add at the 
end of the foregoing sentence. "and 
rice versa." 

The Short -Wave Scale of the Radio 
Spectrum 

In the early days of radio telegraph 
operation wave lengths of from 300 
to 600 meters were employed, but in 

SAFEGUARD THE SHORT- 
WAVE CHANNELS 

Developments in short -wave com- 
munication have introduced a de- 
cidedly Interesting and likewise 
delicate situation in Washington. 
These high frequency communica- 
tion channels are now in strong 
demand and may form the basis 
of innumerable political difficllties. 

The insistent clamor for channel 
assignments on the part of a 
myriad of commerical organizations 
suggests that caution should be 
exercised in making channel as- 
signments. For obviols reasons 
the action of the Federal Radio 
Commission in this direction is of 
prime Importance to everyone 
associaten with the radio industry. 

We sincerely trust that you will 
give Mr. McNicol's excellent article 
your serious consideration. 
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long distance projects the tendency, 
as time went on, \was to employ much 
longer waves -up to 30010 meters. 

From the tinte of 31areoni's early 
trials in 1896, until C. S. Franklin's 
inquiry. beginning in 19l9. into the 
properties of short waves. the tchole 
tendency in service operation was to 
work toward longer wave,. ti, experi- 
ence had shown that long waves per- 
formed more regularly through vary- 
ing day and night et aelitiuus. and 
were Ica affected by fading. Thus, 
years before the time arrived when 
there \vas a shortage of available 
radio channels, the large a tininercial 
operating eitutpanies. hawing a choice. 
selected the long waves for long dis- 
tance working. _'t sort of dictum 
grew up that for satisfactory working 
over long distances. a wave length of 
one five- hundredth part of the distance 
separating the two stations would be 
most suitable. 

When broadcast radiophone stations 
began to multiply. beginning in 1921, 
all of these had. perforce, to accom- 
modate themselves to the wave lengths 
by convention assigned to public 
service: those extending between 200 
and G00 meters. 

Since 1922. exploitation of the short 
waves-below 200 meters, has resulted 
in rendering available for practical 
uses many short wave channels 
which at one time were regarded as 
not being suitable for other than 
Inborn tory demonstrations. 

The technical consideration given 
the subject at the Washington Con- 
ference in the Fall of 1927, had as 
a result the listing of what are popu- 
larly referred to as "short waves ?' 

The present world -wide scramble 
for a place in the ether of space in- 
wnl\rs the distribution to various in- 
terests and services the wave lengths 
extending from 150 meters down to 
fifteen meters (2,000 to 23,000 kilo - 

present operating separations 
there are about 2.000 radio channels 
in this range of frequencies. The In- 
ternatfonal Radio Regulations which 
are to become effective on January 1, 
1929, divides these frequencies into 
thirty -six bands. 

In the light of actual experience 
thus far it may be said that the 150 
to 100 meter (2,000 to 3,000 k.c.) 
waves are suitable for daylight oper- 
ation to n distance of several hundred 
miles, with a continuous range of 
about 100 miles. Naturally, applic- 
able to service in an individual 
country, or between two contiguous 
countries. of use for aircraft, tele- 
phony. or other public or private 
service. 

The wave lengths from 100 to 50 
meters (3.1810 to 6.000 k.c.) have a 
useful operating range of several hun- 
dred miles in the daytime and about 
1.000 miles during dark hours. 
obviously, these waves when used for 
national services. in annoy applications 
will spill over into ;till reach other 
countries. 

The wave lengths of fifty meters 
10.000 k.e. ì a tul shorter are usable 
for long distances both day and night, 
\witli n clench or weak area (skip dis- 
taicci of a few hundred miles out 
from the transmitting station. Suit- 
able. mf course. for long distance 
telegraph and for relaying broadcast 
telephony long distances. 

The 20 meter baud (15,000 k.c.) Is 

www.americanradiohistory.com

www.americanradiohistory.com


r 

Page 22 

practically usable only between sta- 
tions where daylight obtains, with 
present equipment, and 15 meters 
(23,000 k.c.) are about as short as 
have practical signaling value. 

Short -Wave Allocations 
Inasmuch as the non -technical 

reader can comprehensively identify 
the channels more easily when wave 
lengths are specified, rather than fre- 
quencies in kilocycles, the allocations 
decided upon by the last Washington 
Conference are given in that measure- 
ment. (See box). 

Channels Applied For 
All of the telegraph and telephone 

companies in the United States have 
not applied for wave length assign- 
ments. Of those who have applied 
to the Federal Radio Commission the 
following are noted: 

Wireless Telegraph and Communi- 
cation Co., Northbrook, Ill., asks for 
short wave designations for stations 
at Chicago and St. Louis. 

Intercity- Radio Telegraph Co., 
Cleveland, Ohio, asks for twelve chan- 
nels for marine service on the Great 
Lakes and for fixed service between 
Buffalo, Cleveland. Detroit and 
Columbus. 

Geophysical Research Corp., asks 
for the 122.9 meter assignment to be 
used by nine portable stations in 
mineral exploration work. 

The Radio Corporation of America 
lists six waves which it proposes to 
use in addition to its present assign- 
ments.. The new requirements are: 
16.75, 21.62, 22.29, 22.341, 43.23 and 
44.68 meters. 

The Federal Telegraph Company 
(Mackay) wants 33.6. 34.6, 43.1, 65 
to 75, for marine and trans -ocean com- 
mercial services. The company states 
that it will apply for a considerable 
number of channels for intercity 
telegraph operation. 

The Bull Insular Line Co.. New 
York, would like any channels be- 
tween 18 and 36 meters, for stations 
in Baltimore, Md.. and in Port Rico. 

The American Telephone and Tele- 
graph Company. and the Bell Tele- 
phone Laboratories. Inc.. New York. 
ask for additional channels for ex- 
perimental projects. 

The Ford Company, Detroit. wants 
channels between 84 and 120 meters: 
the Goodyear Rubber Company. 43 
meters for stations at Akron. Ohio, 
and Los Angeles. Calif. 

The New York Times. New York 
Herald- Tribune, United Press, and In- 
ternational News Service (Hearst), 
expect to be given due consideration 
when the other lanes are granted for 
exclusive use during specified periods 
of time. 

In parceling out the wave channels, 
the Authority will at some point, per- 
haps in several instances, have to 
give consideration to values and rights 
which have accrued during the time 
of prior use of designated channels. 

Aside from the Radio Corporation's 
commercial marine and trans -ocean 
services; the Federal Telegraph Com- 
pany's and the Independent Wireless 
Telegraph Company's (now R.C.A.) 
marine services, which have been in 
operation ten or more years, various 
other services have been carried on by 
corporations not in the communica- 
tion business. Since 1918 a radio news 
service between England and the 
United States has been operated by a 
group of newspapers. The Ford 
Motor Co., the General Electric Co., 
the Goodyear Rubber Company and a 
dozen other business organizations 

Distribution of Frequency Channels 
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Wane Length, Service 
Meters 

150 to 133 

133 to 109 
109 to 105 
105 to 85 
85 to 75 

75 to 54 
54 to 52 
52.7 to 50 
50 to 48.5 
48.8 to 45 
45 to 42.8 
42.8 to 41 
41 to 36.6 
36.6 to 35.1 
35.1 to 33.7 
33.7 to 31.6 
31.6 to 31.2 
31.2 to 27.3 
27.3 to 26.3 
26.3 to 25.6 
25.6 to 25.2 
252 to 24.4 
24.4 to 23.4 
23.4 to 22.4 
22.4 to 21.4 

- 21.4 to 20.8 
211.8 to 19.85 
19.85 to 19.55 Broadcasting 
19.55 to 18.3 Fixed 
15.3 to 17.5 Mobile 
17.5 to 16.9 Mobile and Fixed 
1u.9 to 16.85 Broadcasting 
16.85 to 14 Fixed 
14 to 13.9 Broadcasting 
1:1.9 to 13.45 Mobile 
I: :.45 to 13.1 Mobile and Fixed 
I::.1 to 10.7 Not reserved 
10.7 to 10 Amateurs and Ex- 

perimental 
Not reserved 

5.35 to 5 Amateurs 
5 to 0 Not reserved 

200 to 175 
175 to 150 

Mobile 
Mobile, Fixed Stations, 

and Amateurs 
Mobile and Fixed Sta- 

t i ons 
Mobile 
Fixed Stations 
Mobile and Fixed 
Mobile, Fixed, and 

Amateurs 
Mobile and Fixed 
Mobile 
Fixed 
Broadcasting 
Mobile 
Fixed 
Amateurs 
Fixed 
Mobile 
Mobile and Fixed 
Fixed 
Broadcasting 
Fixed 
Mobile 
Fixed 
Broadcasting 
Fixed 
Fixed 
Mobile and Fixed 
Fixed 
Amateurs 
Fixed 

= 10 to 5.35 
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have for years been handling all or a 
part of their telegraph correspondence 
between certain points by privately 
owned radio installations. 

The Federal Telegraph Company 
has for years operated a marine 
service on the Pacific, in addition to a 
chain of fixed, point -to -point stations 
in California, Oregon and Washington. 
The company bas forty -two short wave 
channels ; thirty -four of them for 
trans -ocean working and eight for 
point -to -point service. 

The American Radio Relay League, 
an association of amateur operators 
and experimenters, has enjoyed for 
many years the privilege of operating 
small power transmitters over the 
entire scale below 200 meters. The 
relay stations of this organization 
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send and receive a total of about one 
hundred thousand radio messages each 
year. 

The Problem of Interference 
Remembering that for the expendi- 

ture of a few- hundred dollars, radio 
telegraph service may be established be- 
tween two points several hundred miles 
apart, it may be realized that un- 
less the national law serves effectively 
to support Department or Commission 
control, there will follow widespread 
interference as a result of a largely 
increased number of short wave in- 
stallations. 

It would not be surprising if the 
evolution of economics was setting 
the stage for a struggle between long 
established communication interests 
and other interests who wish to 
operate their own communication 
systems. 

Between certain of the large wire 
companies and large radio companies 
there has been in the past, what might 
be characterized an unwritten view, 
conditionally held, that radio tele- 
graph or radio telephone circuits 
should not be established for commer- 
cial purposes where wire lines already 
are in operation and rendering satis- 
factory service. 

Unlike manufacturing interests, the 
railroads. agriculture, labor, and other 
extensive interests, the communication 
companies are in the unfortunate 
position of not having the legitimate 
and indispensable support of a trade 
press or of a trade association. In the 
communication field these agencies so 
valuable and useful in other enter- 
prises, are non -existent. 

The present Commission method of 
handling this important matter is to 
hold a public conference, sending out 
invitations which read: 

"All persons who feel that they can 
contribute information for the benefit 
of the Commission are invited to be 
present and to take part in the dis- 
cussion." 

This, of course, is a deplorable sit- 
uation for which there is no evident 
excuse, but perhaps with our political 
system a better organization for 
handling the subject is not possible. 

Obviously. the interest or interests 
which can finance and send to the con- 
ference the most convincing orators, 
and the most imposing delegation of 
representatives, is most successful in 
attracting the notice of the members 
of the commission. 

New Issues Involved 
It is quite apparent that once the 

subject opened up to include radio 
telegraph operation and radio tele- 
phone operation over short and long 
distances, reasons appeared why the 
members of the Radio Commission 
might easily be bewildered. The 
age -old problems of communication; 
competetive; international, etc., have 
had the life -time study and attention 
of a score of long experienced com- 
munication executives. The consider- 
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ation and issues involved are at home 
In a totally different category from 
those of radiophone broadcasting. 
What these issues are can be visual- 
ized only by communication execu 
tives who have lived their lives with 
Berne Bureau regulations and re- 
quirements, tariff structures, "other 
line" vicissitudes, etc. 

It may be supposed that, like many 
other problems, the allocation of 
usable channels in space would have 
some obvious, sensible basis, but a 
difficulty is that there are not avail- 
able more than half as many channels 
as there are requisitions for. 

Proceeding on the basis that no 
radio wave assignments should be 
authorized where duplication of exist- 
ing, satisfactory, wire line service is 
furnished by a public service company, 
then mobile services could be provided 
for very handsomely. The army, the 
navy. aircraft organizations, ship - 
shore and ship -ship service, very like- 
ly would have all of their demands 
satisfied. 

Once the army, navy and aircraft 
services are reasonably cared for in 
the way of peace -time necessities (in 
case of war all systems, agencies and 
services will be subject to military or 
naval use as required) the present 
situation is that there remain the de- 
sires of commercial telegraph and 
telephone companies for radio chan- 
nels by means of which they propose 
to supplement present wire and cable 
links ; replace present wire and cable 
links; extend commercial service to 
places not now reached by ally com- 
mercial service, and parallel radio 
links now operated by the earlier 
radio operating companies. Also the 
desires of private corporations not in 
the public service communication 
business, for radio channels over 
which they may with their own sta- 
tions handle their own correspondence 
between plants. agencies and head- 
quarters. 

This is the point at which the rising 
tide of individual demand comes into 
contact with the rock bound coast of 
the communication industry which, in 
the main, is rendering a high grade of 
service, and which has shown continu- 
ous improvement. 

The Commission's Basic Consid- 
erations 

With the desire to learn something 
about the elements of the short wave 
problem the Federal Radio Commis- 
sion considered the applications for 
short wave assignments in the light 
of: 

I. The dependence of tlic proposed 
serriee upon short wave radio rather 
thon on hire or other means. 

2. The humane, social and economic 
importance of the proposal to employ 
short wave radio. 

3. Power required for service pro- 
posed, and interference likely to be 
caused to other services and other 
con ntri es. 

And, submitting that satisfactory 
answers to these three questions 
would be acceptable as grounds upon 
which licenses for exclusive use of 
radio channels would be granted, it is 
plain that a favorable or unfavorable 
stand on the part of an individual 
commissioner would be largely based 
on opinion only. 

The large communication companies 
have substance for much argument 
favoring granting the organized com- 
munication companies all of the chan- 
nels they desire -at the expense of 
merchandise manufacturers, newspa- 
pers, etc., who desire assignments. 
The telegraph companies already have 
in being extensive collecting and dis- 
tributing systems for telegrams. They 
maintain offices at all places where 
there is any excuse for an office. 
They have day and night message 
rates, which means a distributed day 
and night message traffic load. They 
render twenty -four hour daily service 
-in many instances where the earn- 
ings do not warrant this. They can 
furnish service uninterruptedly to all 
places, at specified tariffs and with 
recognized responsibility. They could 
show that there are very few non - 
communication companies which have 
enough message traffic between any 
two places to justify the expense of 
installing, maintaining and operating 
radio telegraph stations. In the case 
of those few, if the bulk of their 
messages pass between two stations 
I for instance manufacturing plant and 
headquarters offices) warranting for 
that traffic the operation of their own 
stations, what about the economics 
of the situation when these companies 
turn over their "night letter." "short 
haul" scattered traffic to the telegraph 
companies? 

Private Interests 
From the viewpoint of prospective 

owners of private radio telegraph in- 
stallations there is also much argu- 
ment with point. Non- communication 
interests have no more concern for the 
welfare of the telegraph companies 
than the owners of automobiles. and 
auto bus companies had, or have, for 
vanished street railway systems and 
suburban railways. 

Private interests having a consider- 
able amount of telegraph traffic be- 
tween two. three or four places feel 
that when a group of amateur experi- 
menters develop short wave radio sig- 
naling to a point where it is service- 
able and economical, it would be hardly 
fair to take this gift and in its major 
applications hand it on to the existing 
telegraph companies. who previously 
ventured little in radio research or 
development. 

Collation of the arguments and views 
proceeding from these opposed in- 
terests, with the notion of abstracting 
from data presented something of value 
in making decisions, throws light on the 
questions 1. 2 and 3, above. 

Each question contains but a few 
words and it is of key importance how 
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the answers are arrived at. Obviously, 
so far as the fixed station assignments 
which might be designated for com- 
mercial communication, are concerned. 
questions 1 and 2 could be answered 
more intelligently and constructively 
by a Board made up of commercial 
telegraph, cable and radio executives, 
including competent public representa- 
tion, than by a year to year commis- 
sion composed of appointees who have 
little or no knowledge of the subject. 

Experienced communication execu- 
tives would be aware of the full 
significance of the word "dependence" 
iu question 1, and the words "econo- 
mie importance" in question 2. 

Question 3 concerns an engineering 
condition and would in any event be 
passed upon by the Radio Section of 
the Department of Commerce (Bureau 
of Standards.) 

At the late Washington Conference 
the Broadcast business seems to have 
been fairly well provided for in the 
way of ether channels. and this aided 
by improvements in broadcast techni- 
que which are sure to come will tide 
the art over until new discoveries are 
made which conceivably might change 
the entire picture. 

The Federal Radio Commission will 
be fortunate if it can satisfy those 
who brought it into being (the broad- 
cast listeners) that the owners of 
receiving sets are being furnished with 
the grade and quantity of reception 
they bargained for when they made 
their purchases. 

Embargo on Imported 
Insulation 

SECRETARY of the Treasury 
Mellon has placed in effect a 
temporary embargo on imported 
insulation material which has 

been selling in the United States 
as Bakelite panels. Investigation by 
the Tariff Commission which recom- 
mended the embargo showed that 
most «d the imported sheets were used 
to manufacture cheap radio sets. 

American laminators who supply 
lakelite panels and other insulation for 
radio sets made in this country com- 
plained that their trade was injured by 
the importations. Furthermore. as the 
foreign and American products could 
not be distinguished except by experts. 
neither the radio public nor the radio 
dealers were able to determine whether 
genuine Bakelite materials were used. 

The radio industry depends for its 
supply of Bakelite laminated materials 
ulsan seven manufacturers, namely: the 
Formica Insulation Company. Cincin- 
nati. Ohio; Continental Fibre Com- 
pany. Newark. N. J.; National Vul- 
canized Fibre Company. Wilmington. 
Del.: Spaulding Fibre Company, Tona- 
wanda. N. Y.: Fibroc Insulation Com- 
pany, Valparaiso, Ind.; Westinghouse 
Electric and Manufacturing Company, 
and General Electric Company. 
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Data on the Voltage Amplification of Radio 
Frequency Transformers 

Dealing With Apparatus for Testing R. F. Transformers and 
Operations Involved 

PART I 

W 
HILE the technical press 
has recently carried several 
articles on the theoretical 
design of radio- frequency 

transformers, little has been published 
of actual experimental data. The in- 
vestigation described in this article 
was undertaken with the intention of 
filling in this gap, and of showing the 
actual performance of certain types 
of transformers used in broadcast re- 
ceivers. 

By Burr K. Osborn, B.S.* 

litions. The input tube (tube pre- 
ceding the transformer) was of the 
201 -A type most commonly used in 
radio receivers, and the output 
vacuum tube voltmeter was connected 
to the secondary of the transformer 
exactly as if it were a detector tube 
of the grid bias type. Since this is 
the type of detection now coming into 
use In the higher class receivers, the 
test reproduces exactly the stage of 
amplification preceding the detector 
in a so- called tuned radio- frequency 
receiver, and indeed was actually used 

PICK -UP 
COIL 

AMPLIFIER 
TUBE 

VM + 

/15V. 

4V. 9V. 

_-111 -1IIIIIIIIII 

TRANSFORMER DETECTOR OR OUTPUT 
UNDER TEST V VOLTMETER 

ql 
4.5V. 

9 

90V. 

1111 

4.5 V. 

G 

"INPUT V.T. 
VOLTMETER 

111110 
45V. 

+IAF.T. 

VM 

FIG.I 

_L+ = 6V. 
T_ 

Circuit diagram of the apparatus used in Mr. Osborn's tests, consisting pri- marily of input and output vacuum tube voltmeters and an R.F. oscillator. 

Method of Test 
The method used to obtain the volt- 

age amplification of the radio -fre- 
quency transformers was the obvious 
one of measuring the input and out- 
put voltages of :a nue stage radio -fre- 
gtlency amplifier. using for the pur- 
pose a vacuum tube voltmeter. This. 
of course. gives the amplification of 
one stage; i.e.. of one tube and trans- 
former. not just the .tep -up of the 
transformer alone. but since the trans- 
former nad tube are always used to- 
gether, the figures obtained are a true 
indication of the performance of the 
transformer in an actual amplifier. 

Every effort was made in these 
tests to simulate actual receiver con- 

Department of Electrical Engineering. 
Michigan .state College of Agriculture and 
A ppiied science. 

for the reception of signals by coupling 
to an antenna. The performance of 
this stage is not materially different 
from that of stages working into an- 
other amplifier instead of the detec- 
tor since the detector with negative 
grid bias has practically the saute in- 
put impedance as an amplifier used 
with the correct grid bias. 

_apparatus Employed 
Fig. 1 gives a connection diagram 

of the apparatus used in the tests. 
The radio- frequency oscillator was of 
the usual Hartley type with the pick- 
up coil far enough removed to avoid 
reaction which would affect the fre- 
quency. The amplitude of the radio - 
frequency voltage applied to the 
amplifier tube was adjusted by vary- 
ing the resistance of the shunt S. 

the 

This resistance connected to the in- 
put circuit served the further desir- 
able purpose of rendering the grid 
circuit of the amplifier tube practical- 
ly non -inductive. thus avoiding any 
tendency to regeneration due to feed- 
back from the tuned plate circuit to 
a tuned grid circuit. The input 
vacuum tube voltmeter was also 
shunted across the resistance S and 
hence measures the voltage applied 
to the grid of the amplifier tuba. 

The detector or output vacuum tube 
voltmeter differs from the usual nega- 
tive bias detector only in the addition 
of the galvanometer or milliammeter 
MA in its plate circuit. This instru- 
ment required about 0.4 milliamperes 
for full scale deflection. The sec- 
ondary of the audio frequency trans- 
former was connected to another tube 
not shown in the diagram and with 
which head -phones could be used, if 
desired. 

Calibration of Apparatus 
In order to rend the very small 

voltages expected on the input side 
of the amplifier the grid and plate 
voltages used with the input vacuum 
tube voltmeter were much lower than 
commonly used. The use of a 201 -A 
tube with the filament at 3 volts, grid 
battery of 1.3 volts and plate battery 
of 9 volts was found to give very 
good results. No means of adjust- 
ment was provided for either the grid 
or plate voltages, since fresh dry cells 
were used, the current drain was zero 
in the grid circuit and extremely 
small in the plate circuit, and the 
tests were concluded before any ap- 
preciable change could occur in the 
condition of the batteries. ßoth the 
input and output vacuum tube volt- 
meters were calibrated front the 60 
cycle potter circuit using the connec- 
tions shown in Fig. 2. A laboratory 
voltmeter. 0 -75 -15(1 volts, was con - 
nected to the sliding contact of a 
potential divider. In parallel with the 
voltmeter was connected a calibrated 
potential divider having accurately 
adjusted resistance of 100. 1,000, and 
10,000 ohms. The grid- filament term- 
inals of the vacuum tube voltmeter 
were connected to other terminals of 
the calibrated potential divider in such 
a manner that the voltage impressed 
upon the grid was exactly 1 /10 or 
1 /100 of the voltage read by the 
laboratory voltmeter. This method of 
calibration could not be used for an 
ordinary voltmeter. but may be used 
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for the vacuum tube voltmeter, since 
the vacuum tube is essentially an open 
circuit at 60 cycles, and when no 
current is drawn from the potential 
divider, its voltage ratio is accurately 
maintained. The calibration curves 
of the vacuum tube voltmeters are 
shown in Fig. 3 and Fig. 4. 

The assumption is that these cali- 
brations made at 60 cycles are true 
at radio -frequencies. There is noth- 
ing in the theory of the vacuum tube 
voltmeter to indicate that this is not 
true, provided the wave shape of the 
60 cycle voltage is the same as that 
of the radio -frequency voltage. 
Actually the wave shape is not the 
same, since the 60 cycle was very 
nearly a pure sine wave, while the 
radio -frequency is known to contain 
fairly strong harmonics. However, 
this error due to wave shape will 
effect both vacuum tube voltmeters 
in the same way, and since it is the 
ratio of output to input voltage and 
not primarily true voltage in which 
we are interested, this error is allow- 
able. The radio- frequency oscillator 
was calibrated from a laboratory 
wavemeter and settings were recorded 
for the following frequencies: 550, 
700, 850, 1000, 1150, 1250, 1300, 1350, 
and 1500 kilocycles per second. 

Operation 
In taking data for voltage amplifi- 

cation curves, the procedure given be- 
low was followed: 

1. Light the vacuum tube filaments 
and allow them to burn until the 
tubes have reached their normal oper- 
ating temperature. (The calibration 
of the vacuum tube voltmeters is 
changed by a slight change in tem- 
perature.) 

2. Observe the zero of each galvano- 
meter and adjust if necessary (The 
zero adjustment of a sensitive gal- 
vanometer is rarely the same from day 
to day.) 

3. Apply the plate potentials to all 
tubes and observe the "zero voltage" 
readings of the two galvanometers. 
These should check with the zero 
voltage points of the calibration curves 
and if they do not it indicates either 
that the filament voltage is not ex- 
actly normal or that the tube has not 
yet warmed up to its normal operat- 
ing temperature. 

4. Set the radio -frequency oscillator 
at either 550 or 1500 kilocycles. Ad- 
just the input shunt until the gal- 
vanometer of the input voltmeter in- 
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FIG. 3 

Calibration curve of the input 
vacuum tube voltmeter. 
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The special cir- 
cuit used in the 
calibration of 
the input and 
output vacuum 
tube voltmeters 
employed In the 
test circuit, 

Fig. 1. 
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dicates approximately the input volt- 
age desired. If the transformer under 
test is of the tuned type, adjust its 
variable condenser to obtain maximum 
deflection of the galvanometer of the 
output voltmeter. Readjust the input 
shunt to obtain exactly the input volt- 
age desired and read the output gal- 
vanometer. 

5. Set the radio -frequency oscilla- 
tor at the next higher or lower fre- 
quency desired and repeat No. 4. 

6. From the calibration curves of 
time input and output vacuum tube 
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FIG. 4 
Calibration curve of the output 

vacuum tube voltmeter. 

voltmeters obtain the voltages corres- 
ponding to the deflections. The ratio 
of the output to the input voltage is 
the voltage amplification for each fre- 
quency. 

Selectivity. Test 

Since in many cases maximum volt- 
age amplification is obtained with a 
transformer giving very poor selectiv- 
ity. it is necessary to have soute 
measure of this quality. 

In making selectivity measurements. 
the apparatus was adjusted to 
measure the voltage amplification nt 
some particular frequency. say 1310 
k.c. The radio -frequency oscillator 
was then shifted to a frequency 30 
k... above or below the original fre- 
ituelwy. the input shunt adjusted for 
the same input voltage as before. and 
the output galvanometer read without 
retuning the transformer under test. 
Timis procedure gave the voltage 
amplification at a frequency 50 kilo- 
cycles from the frequency to which 
the transformer was tuned and to have 
significance it should be divided by 
the peak amplification thus obtaining 

the "per cent of maximum amplifica- 
tion at 50 kilocycles from peak" 

Common experience indicates that 
the most bothersome type of radio 
interference results from strong local 
signals which may be separated by as 
much as 100 kilocycles from the de- 
sired signal. Hence selectivity ex- 
pressed as percent amplification 50 
kilocycles from the tuned frequency 
is a reasonable unit. It is a conveni- 
ent unit to use in the laboratory 
since a frequency difference of 50 kilo- 
cycles may be set with sufficient 
accuracy on the dial of the radio -fre- 
quency oscillator, thus avoiding the 
use of the wavemeter for every selec- 
tivity test. For a frequency farther 
than 50 kilocycles from the peak it 
would be difficult to measure accurate- 
ly the output voltage except with the 
poorest transformers. Hence 50 kilo- 
cycles was found to be a good com- 
promise. 

In the case of all types of trans- 
formers tested, time selectivity is 
markedly poorer at the higher fre- 
quencies. For this reason the selec- 
tivity was measured only at 1300 kilo- 
cycles, the amplification being taken 
at 1250 and 1350 kilocycles with the 
transformer tuned to 1300. The 
selectivity is the average of these two 
results expressed as a percentage of 
the amplification at 1300 kilocycles. 

Part I! of this article will cover in 
detail an analysis of the results ob- 
tained in the tests. 

Patent Interchange Committee 
of R.M.A. Perfecting Plan 

of Cross -Licensing 
THE Patent Interchange Com- 

mittee of the R.3I.A. met at 
Buffalo, recently. in conjunc- 
tion with the Special Com- 

mittee appointed to study the neces- 
sary changes in the Constitution and 
By -Laws. 

Draft of the Proposed Cross- Licens- 
ing Plan was perfected by the commit- 
tee. 

Broadening of radio patent cross - 
licensing to include future develop- 
ments, such as television, is provided 
for in the R.M.A. plan. 
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The Problem of Radio Set Power Supply 
Covering the Design of Socket Power Circuits 

By George B. Crouse* 
and a simple T section filter compris- 
ing the two coils 40 and 41 and the 
resistance 42. 

The four balancing arms of the 
bridge are designed to be balanced at 

PART IV 
"A" Socket Powers 

In the design of "A" Socket Powers 
for parallel filament operation in 
which comparatively large currents 
are required at low voltages, we are 
met at the outset with two difficulties. 
In the first place the capacities to be 
effective must be inordinately large, 
because of the low voltages available 
to store energy in them. Secondly, 
because of the large D.C. components 
flowing in the inductances, large air 
gaps must be used and for a given 
size structure the inductance Is very 
small. These two difficulties are 
partially offset by the fact that the 
potential of the alternating ripple from 
the rectifier is very much smaller than 
in the case of "B" Socket Powers, but 
the difficulties of designing low voltage 
filters are certainly much greater. 

FIG.7 
A bridge circuit arrangement, 
composed of generalized imped- 
ances which will provide the de- 
sirable suppression characteristics. 

Here again the suppression charac- 
teristic is highly desirable and in- 
deed almost necessary. Obviously. 
we cannot use resonant circuits 
effectively because of the large size 
of the parts which would be required. 
The bridge circuit, however. has been 
successfully developed for this class of 
service, and one type is shown in Fig. 
9. The balancing arms are formed as 
follows : Referring to Fig. 7. arm 
Z. by the resistance 32 and the 
Inductance 33 wound on the iron 
core 34. Arm Z. by the reverse 
winding 35. Arm Z. by the induct- 
ance 36 on the iron core 37. and arm 
Z. by the reverse winding 38 on the 
core 37 together with the resistance 
39. In substituting the quantities rep- 
resenting this bridge into equation S 

care must be taken to see that the 
sign of the mutual inductance existing 
between coils 31 and 35 and 36 and 
3S is properly taken. The load arm 
Z. is formed by the load connected 
between the minus and plus A point 

Vtodpresident and Chief Engineer. 
Conner- Crouse Corporation. 
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"A" Socket 
Power Unit em- 
ploying a bridge 
circuit which 
provides t h e 
desirable sup- 
pression char- 
acteristics. 
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kept to a very low value, the output 
voltage will gradually fall as the coils 
heat up with use. As a result, we 
cannot design our inductances by the 
ordinary rules in which the safe tent- 

the most disturbing frequency and by 
proper proportioning these arms will 
exert a considerable suppression at all 
higher frequencies, which is aug- 
mented by the T section filter in 
the load arm. 

Considering the direct current char- 
acteristics of the mesh the useful cur- 
rent flow will be from the plus ter- 
minal of the rectifier through the coil 
36. through the coils 40 and 41. 
through the load and thence through 
the winding 35 and back to the nega- 
tive terminal. Obviously, some direct 
current will be wasted through the 
other two bridge arms and through 
the resistance 42, but this loss cur- 
rent may be made surprisingly small. 
In a good design of filter for this type 
for suppling 2 amperes at 6 volts only 
about .75 amperes need be wasted 
In the resistive elements, and a total 
actual inductance of less than 1 henry 
need be used in the entire system. 

Another form of 
filter, of the Sia- 
mese type, suit- 
able for "A" 
socket powers. 
This filter is of 
the inductance - 
resistance type. 
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RECTIFIER 
AND 

TRANS- 
FORMER 

perature on the insulation is the limit- 
ing factor. On the other hand. the 
rise must ordinarily be held down 
to 10 or 15 deg. C. It will be seen 
that should the inductance of the coil 
be required to be very large the coils 
tl+emselves would become physically so 
big as to be totally impractical. 

Another forni of filter suitable for 
"A" Socket Powers is shown in Fig. 
10. This mesh is also of the induct- 
ance- resistance type but has the ex- 
traordinary property that whereas it 
is neither a bridge nor employs re- 
sonant circuits. it has a point of in- 
finite impedance with a finite but high 
impedance at all other frequencies. 

The inductance system is of the 
siamese type comprising two adjacent 
iron cores 43 and 44 on which are 
wound the three coils 45, 46 and 47. 
these coils being all wound to aid 
each other. Two resistances are em- 
ployed, the first. being connected 

49 46 

This low value of inductance re- 
quired with the type of circuit just 
described is a highly necessary feature 
in any high current socket power. 
The direct current through the load 
must of necessity flow through some 
of the windings of the inductance and 
the copper has, in company with most 
materials, a postive resistance -tem- 
perature coefficient. The result is that 
unless the resistance of the winding is 

FIG.IO 

in parallel with coil 45. and the sec- 
ond. 49. being in shunt across the line 
between the junction point of the 
upper resistance and the coil and the 
negative terminal of the rectifier. A 
very important element of the system 
is the closed circuit formed by the 
copper band 50, linking the two iron 
cores. Because of the novel and inter- 
esting character of the circuit a rather 
complete analysis is given here. 
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For purposes of analysis, the cir- 
cuit is redrawn as shown in Fig. 11. 

Circuit I will include the generator, 
the resistance R, representing resistor 
48, and resistance R representing 
resistor 49. Circuit II comprises R, 
and the inductances L. and Ls. The 

GENERATOR 

FIG.11 

The filter circuit of Fig. 10 drawn 
in general form for the purpose of 
analysis. 

quantity L, represents the inductance 
due to the flux of the coil 45 which 
does not link with the coil 46. L. 
representing the inductance in coil 45 
due to the flux which threads the 
entire core 43. Circuit III comprises 
resistance R, and the closed resist- 
ance Rs together with the inductances 
Ls and L,o. Lo represents the in- 
ductance due to the flux in core 43 
acting on coil 46 and L, is the induct- 
ance due to the entire flux in core 44 
acting on coils 46 and 47. The mutual 
inductance between Lo and Lo is 
represented by the quantity M. The 
copper band 50 in Fig. 10 represents 
n fourth circuit, designated IV. which 
has inductance L,, resistance R,. and 
mutual inductance with I.., desig- 
nated :1L, and with L. designated 
M3. It will be noted that this fourth 
circuit is located entirely outside of 
the direct line of either A.C. or D.C. 
propagation. This, however, in no 
way invalidates the analytical method 
and we may, as before, write four 
inter- related equations for the cur- 
rents in each of the elementary cir- 
cuits, solve them as simultaneous, and 
convert the complex quantities appear- 
ing in the resulting equation into 
absolute values. When this is done 
we come out with Equation (10) 

JR,LLLI.,1) + ß,RnR4], -F [t?( Ia R,R4 
E RnR,L,-R,L,R.)], Is_ 

w4 1.11111,1111.4 

for the value of the alternating cur- 
rent ripple at any frequency in the 
load circuit. 

In writing the above equation, and 
in order to save symbols. where the 
sum of a given quantity in a single 
elementary circuit is needed, the 
Roman sub -script has been used to 
designate this sum. For instance, in 
circuit I the total resistance in this 
circuit is designated as RI and is 

equal to R, plus R,. Similarly, the 
quantity Lrr equals L, plus L,o, etc. 
Also in the denominator a large num- 
ber of numerically insignificant terms 
have been dropped. 

An examination of the numerator 
of the fraction on the right hand side 
will yield some interesting facts. It 
will be noted that here are two 
brackets under the radical sign, both 
of which contain quantities connected 
by both plus and minus signs. It has 
been found possible to so proportion 
the various quantities appearing in 
these brackets that at a given fre- 
quency the value of both brackets will 
simultaneously become zero, in which 
case the numerator vanishes and we 
have an infinite suppression character- 
istic at this frequency. Since the 
right hand bracket contains no terms 
which are not directly multiplied by 
the frequency factor if this bracket 
vanishes at one frequency it will be 
zero at all frequencies. Unfortunate- 
ly, this is not true of the left hand 
bracket which contains the plus term 
ß, Rtr, R. which is not multiplied 
by the frequency factor. As a result, 
at any frequency other than the criti- 
cal frequency this bracket does not 
vanish, but since its value is deter- 
mined by R. representing the ex- 
ceedingly small resistance of a heavy 
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copper band 50 (Fig. 10) the whole 
numerator will remain very small at 
all frequencies and the device will 
operate substantially as a "blanket 
filter." 

This circuit also utilizes in its prac- 
tical form very small values of in- 
ductance and is very economical to 
build and operate. Both of the "A" 
Socket Power circuits just described 
may be adjusted to take out any va- 
riations in manufacture by a simple 
change in the resistance values, or in 
the case of the circuit last described 
by a change in the physical position 
of the copper band 50, which change 
modifies its inductance and its coup- 
ling coefficient with both circuits. 

Series Set Socket Powers 
Under Series Set Socket Powers we 

include only those arrangements in 
which A, B and C power is supplied 
through a single rectifier. This type 
of socket power is becoming increas- 
ingly important. It is economical to 
build and operate. It will work in 
conjunction with a radio set employ- 
ing standard tubes and standard parts 
and principles of design. It may be 
built into the cabinet of a set to form 
a compact and integral unit. 

The socket power unit is a slightly 
enlarged "B" Socket Power and the 
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FIG. 12 

Universal arrangement of radio set wiring providing series or parallel 
filament connections by interchanging of connector combs. 

www.americanradiohistory.com

www.americanradiohistory.com


Page 2S 

10,000 

1000 

o 
> 

o 
u 
î 100 

10 

x 

e PARALLEL 
x SERIES 

200 300 400 500 600 

FIG. 13 

Sensitivity comparison of parallel 
and series filament connections. 

devices shown in Figs. :i. 6 and 8 of 
the previous article, may by proper 
modification of the direct current 
carrying parts, be converted into very 
satisfactory Series Set Socket Powers. 

Experience in the design of these 
units shows that they do not require 
as much capacity when used in this 
service as when used for "B" Socket 
Powers, and the values of the induct- 
ances can also be considerably re- 
duced. This apparently paradoxical 
result comes about from the fact that 
the ripple is partially canceled out 
in the tubes by the inter -action of 
the filament and plate circuits. This 
cancellation takes place for very small 
values of ripple and, as pointed out 
above, the suppression of frequency 
of largest amplitude is not, in the cir- 
cuit shown, directly dependent upon 
the absolute value of the electrical 
constants, but rather on their relation- 
ship one to another. It should be 

pointed out clearly that this cancella- 
tion is in no way similar to the vi- 
cious practice which has grown up re- 
cently of offsetting the effect of a bad 
filter or A.C. tube by cutting off the 
lower frequencies in the amplifier 
response curve. The type of compen- 
sation which we have been discussing 
is in no way dependent upon the 
amplifier itself, nor does it in any way 
affect the signal amplification in the 
tube itself. 

The scope of usefulness of these 
Series Set Socket Powers will undoubt- 
edly be greatly enhanced by an ar- 
rangement recently worked out by the 
author's organization whereby the set 
may be made universal, i.e., it may be 
operated with the filaments in series 
with a Series Set Socket Power, or 
with the filaments in parallel, on bat- 
teries or "A" and "B" Socket Powers. 
This arrangement as applied to a well 
known 5 tube set is shown in Fig. 12. 
The conversion is accomplished in a 
few seconds by removing one of the 
two combs from the terminal block 
and substituting the other. 
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FIG.15 
Comparison of fidelity of parallel 
and series filament connections. 
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it is interesting to note that no 
change of operating characteristics is 
made by the conversion. In Figs. 13, 
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FIG.14 
Selectivity comparison of parallel 
and series filament connections. 

14 and 15 are reproduced curves show- 
ing comparisons of the sensitivity, 
selectivity. and fidelity of this receiver 
for parallel operation with battery 
supply, and series operation with 
Socket Power supply. In these 
curves the points marked by circles 
are the parallel observations, and the 
points marked by \'s the series opera- 
tion. It will be noted that the points 
lie so close together that It is prac- 
tically impossible to draw separate 
curves through them. Attention is 
called to two very significant facts. 
In the first place, in the selectivity 
comparison of Fig. 14 the curves there 
shown are identical with similar 
curves taken before the condensers 
shown at 51, 52 and 53 (Fig. 12) were 
inserted. This proves conclusively 
that the radio frequency amplifier is 
in no way affected by the conversion. 

Secondly, Fig. 15 shows that by 
proper design of the terminating mesh 
of the Series Set Socket Power no 
changes are made in the characteris- 
tics of the audio frequency amplifier. 

Distortion Originating in the R.F. Amplifier 
-1 Physical and Mathematical Interpretation 

of the Factors Involved 

F, the last two or three years 
manufacturers of radio sets 
and kits have been making 
tremendous strides in those 

factors of design which have to do 
with the musical quality of the out- 
put of the sets. Of course. all this 
laboratory activity has been accom- 
panied by n flood of literature and 
magazine articles, some of which have 
undoubtedly been valuable contribu- 
tions to the radio knowledge of the 

By Nelson P. Case, E.E. 

average fan. Unfortunately, however, 
a great many of these articles seem 
to hnce been written by advertising 
managers instead of engineers. and 
the result is that a woeful amount 
of misinformation on the subject of 
distortion and its causes has crept 
into the public mind. It is the pur- 
pose of this article to clear up the 
question of how much and what kind 
of distortion can originate in the 
radio frequency amplifier. 

Inasmuch as we Will attempt to 
give a definite and conclusive proof 
of any statements made herein, it 
will be necessary to use some mathe- 
matics, but the physical interpreta- 
tion of the mathematical results will 
be kept to the front, so that the non- 
technical render will be able to follow 
the reasoning. 

The first point which should be 
kept clearly in mind is that a tuned 
radio frequency amplifier will pass on 
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to the detector only a relatively nar- 
row band of frequencies to which it 
is tuned. Hence, any distortion of 
the radio frequency currents in the 
amplifier will not appear in the de- 
tector output unless it produces 
changes in the band of frequencies 
which is passed by the tuned circuits 
of the amplifier. This will be made 
clearer later. 

The current in the antenna pro- 
duced by a broadcasting station send- 
ing out music can be represented by 
the equation. 

i= (A +B cos ?Af,t +C cos 2irf,t, etc.) 
sin 2rft (1) 

where f is the frequency of the 
radio frequency carrier wave. and f,. 
f,. etc. are the frequencies of the va- 
rious musical notes being emitted. If 
we assume that the carrier wave is 
being modulated by a very high 
pitched note, we will be able to ex- 
amine the effect of any distortion and 
see whether it will affect the carrier 
and side bands, because our high 
pitched note will give us side frequen- 
cies which are close to the outer limits 
of the side bands normally used for 
the transmission of music and speech. 
This assumption simplifies equation 
(I) to 

i =(A +B cos 2rf t) sin 2r ft (2) 

The physical significance of this 
equation is rather obscure, but we 
can juggle it into another form. The 
first step is simply to multiply it out. 
This gives 

i =A sin 2rft +B sin 2rft cos 2rf,t (3) 

The last terna is now split Into two 
pieces, each of half the size. thus 

i=A sin 2r ft +B sin 2rft cos 2rf,t 

+B- 2sin 2rft cos 2rfit (4) 

B 
Now if we add cos 2. ft sin 

2 

2 A f,t to both sides of equation (4) 
we have not changed the truth of the 
equation, but we can rearrange our 
terms and simplify by well -known 
trigonometrical identities. We then 
get 

B 
i =A sin 2rft +, -¡ ein 2r (f +fc)t 

-sin 2r (f -f1)t (5) 

This equation obviously means that 
the current in the antenna is the sum 
of three currents. of frequencies f. 
f +f and f -f,. The important thing 
to note is that these three frequencies 
are all radio frequencies and are rel- 
atively close to each other in fre- 
quency, as f, is not over Ir,e of f in 
the broadcast band. 

Now that we have a clear idea of 
the currents that are actually present 
in the antenna, we look at the cir- 
cuit of the amplifier itself to see in 
what elements distortion might be 

produced. Obviously, the only places 
where circuit conditions can affect 
the radio frequency currents are the 
tuned circuits and the tubes them- 
selves. We shall consider these 
separately. taking up the tuned dr- 
cuits first. 

Attenuation of High Frequencies 
Through Resonance Effects 

It is well known that excessive 
sharpness of tuning will result in 
muffled, "drummy" reproduction. This 
comes about from the fact that 
the amplification falls off very rapidly 
on either side of the point of reson- 
ance of the tuned circuits. When 
the circuits are tuned to the carrier 
frequency, only those frequencies 
which lie very close to the carrier 
frequency are amplified to any great 
extent. Referring back to equation 
I:r), it is seen that the greater L. that 
is. the higher the frequency of the 
modulating note, the farther the side 
frequencies are from the carrier fre- 
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BOOK REVIEW 
We have received -.. ?",iii.)" re- 

quests for detailed rc,i,"s of the 
prominent technical radio books 
that it seems only proper to 
present to the readers of RADIO 
ENGINEERING a resume of each of 
the volumes listed in our own 
library. 

This general review, to appear 
in the Nifty issue, will cover the 
following engineering works: Radio 
Frequency Measurements, by Moul- 
lin; l'hcr,nionie Vacuum Tube, by 
Van der Bijl; !]annal of Radio 
Telegraphy and Telephony,, by Ad- 
miral Robison; Experimental Elec- 
trical Engineering, by Prof. Kara - 
petotr; Teetor Analysis, by Coffin; 
Theory of l'ibrnting Systems and 
Sounds, by Crandall; Principles 
of Radio Communication, by Prof. 
\forecroft; and among the general 
publications. Modern Radio Re- 
ception, by Lentz; Experimental 
Radio. by Ramsey and Wireless 
Pictures and Television, by Baker. 
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gnency. Hour. under conditions of 
too sharp resonance, those side fre- 
quencies representing the higher notes 
are sacrificed in favor of those rep - 
resenting the how notes, and it is the 
relative lack of high frequencies in 
the output Of the set that gives rise 
to the muffled effect. One of the 
commonest causes of this excessively 
sharp resonance is the presence of 
too much regeneration in the ampli- 
fier. 

Distortion Due to Rectification 
As for the tubes themselves, it must 

be granted that distortion of the radio 
frequency currents is present when- 
ever the tube conditions are such that 
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the characteristic departs from a 
straight line over the working range 
of the tube. Let us see what these 
conditions are. 

First. either an excess of "C" bat- 
tery or too lote a plate voltage will 
place the working point of the tube 
near the lower bend of the character- 
istic. This condition is what we 
strive to obtain with the so- called "'C' 
Battery Detector," or that detector cir- 
cuit which utilizes the curvature of 
the grid -voltage, plate- current char- 
acteristic to produce rectification. 
lIence. if these conditions are present 
in the radio frequency amplifier, we 
will get rectification in the amplifier 
itself. Before considering whether or 
100 rectification in the radio frequency 
amplifier will produce distortion in 
the musical output of the set, let us 
see what other conditions may give 
rise to distortion of the radio fre- 
quency currents. 

The only other possibilities are in- 
sufficient "C" bias and too low a volt- 
age on the filament. The former is 
not of great importance with a radio 
frequency amplifier, because of the 
relatively lote impedance of the plate 
load. I refer. of course, only to its 
effect in producing distortion, as a 
positive grid raises havoc with the 
amplification and selectivity. because 
of the low input impedance of the tube 
under this condition. The other factor, 
viz., insufficient filament voltage, how- 
ever, holds some interesting possibili- 
ties. As the filament voltage is re- 
duced. the lower part of the character- 
istic curve remains about the same, 
but the point where the curve flattens 
off, representing saturation, comes 
lower and lower down on the 
characteristic, until finally the 
upper bend comes into the work- 
ing range of the tube In the 
early days of vacuum tubes, consider- 
able use was made of the curvature of 
the characteristic at the upper bend to 
produce rectification. lIence. we must 
conclude that all of the important 
causes of distortion in the radio fre- 
quency tubes operate to produce the 
sanie type of distortion, namely, recti- 
ficat ion. 

Mathematical Delineation 
Both the tipper and lower bends 

in the characteristic curve can be 
represented quite approximately by a 
parabola. In general. however. differ- 
ent parabolas are required for the two 
eases. as the curvatures are rarely the 
same. This merely alters the value 
of the constants in the equations, how- 
ever, so that a solution based on a gen- 
eral parabolic equation should hold for 
all cases. 

The general equation for the plate 
current in a vacuum tube rectifier is 

i-k (Er +Fcez)" (6) 

Expanding, 
í = kEr' + 2kisec + k#'eé (7) 

The first term is a constant, and 
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merely represents the direct current 
flowing in the plate circuit; hence, we 
can disregard it in the mathematical 
treatment, as it has no bearing on the 
question in which we are interested. 
Inasmuch as we are after a qualita- 
tive solution only, we can also drop 
the constant multipliers of the other 
terms, and thus make the mathemati- 
cal solution a hit less cumbersome. 
With these changes, equation (7) boils 
down to 

i= eg +eg' (8) 

Of course, ex is the alternating voltage 
applied to the grid of the tube; from 
analogy with equation (3), 

eg = k sin pt + k' sin pt cos qt (9) 

where p=2111, and q = 2sf,. Again 
we can throw away the constants 
without doing any violence to the 
qualitative solution. We then have 

eg = sin pt + sin pt cos qt (10) 

Substituting this value in equation (8), 
we have 

i = sin pt + sin pt cos qt + sin' pt + 
2 sin' pt cos qt + sin' pt cos' qt (11) 

This is rather incomprehensible in its 
above form, but by making use of a 
pair of well -known trigonometrical re- 
lations, we can reduce it to a form 
where we can see just what it means. 
These relations are 

and 

1-cos 20 
sin _ 

2 

1 +cos 29) 
cos - 

2 

Equation (11) then becomes 

í = sin pt + sin pt cos qt + % - 
cos 2 pt 

+ cos qt -cos qt cos 2pt +' /q 
2 

cos 2pt cos 2qt 
+ 

4 4 
cos 2qt cos 2pt 

4 
(12) 

Throwing away the constants and 
gathering terms, we have 

I = (1 + cos qt) sin pt - (1 + cos qt 
+ cos 2qt) cos 2 pt + cos qt + cos 2qt 

(13) 

Now that we have the result in an in- 
telligible form. let us see what it 
means. The first term is the same as 
equation (2), so we have as one com- 
ponent of the plate current, an alter- 
nating current of the same form as the 
one we started with. The second term 
is seen to be of the same general form 
as the first term, that is, it represents 
a modulated radio frequency current. 
The carrier current is represented by 
the cos 2pt, which may be written 
cos 2+r (2f)t. Hence this carrier is 

the second harmonic of the original 
carrier, and is a much higher radio 
frequency than the latter, so that it 
will not be passed on to the next 
tube through the intervening tuned 
circuit. We will therefore get no dis- 
tortion from this term. It is interest- 
ing to note, however, that this car- 
rier is modulated not only by the 
original audio frequency note repre- 
sented by cos qt, but also by its sec- 
ond harmonic, represented by cos 2qt. 
This introduction of another modulat- 
ing note would show up as distor- 
tion if this term were allowed to 
get to the grid of the detector tube. 
Fortunately, however, we have just 
seen that this is not possible with a 
tuned amplifier. 

The last two terms of equation (13) 
represent audio frequency currents of 
frequencies f, and 2 f,, respectively. 
These audio frequency currents, of 
course, will not be passed on through 
the radio frequency transformers, or 
tuned circuits. 

Thus we see that of all the various 
components in the plate current of a 
tube which is operating under im- 
proper amplifying conditions, only one 
is passed on to the grid of the next 
tube through the intervening tuned 
circuit, and that one is of the same 
form as the current which was 
originally present in the input circuit 
to the tube. Hence, we are entitled 
to conclude that the only type of dis- 
tortion which can originate in a tuned 
radio frequency amplifier is that which 
results from cutting off part of the 
side bands from excessive sharpness 
of resonance in the tuned circuits. 

Methods of Volume Control 
Let us see what this conclusion 

means front a practical standpoint. 
It is almost universally agreed that 
the proper place to control the volume 
of a receiving set is somewhere ahead 
of the detector, as this avoids the 
possibility of an overloaded detector 
tube. The three common methods of 
doing this are: filament rheostat, 
plate resistance, and potentiometer in 
the grid return. The first method 
lowers the filament voltage below the 
proper point when a loud signal is 
being received, the second causes too 
low a plate voltage, and the third 
results in improper grid bias. Inas- 
much as we have just determined that 
none of these conditions will result in 
distortion of the audio frequency out- 
put, we must look elsewhere to find a 
choice between them. The last method, 
that of utilizing a potentiometer across 
the filament battery to vary the grid 
potential, is the least desirable for 
two reasons. One is that when the 
grid is even slightly positive, which is 
the case most of the time when listen- 
ing to local stations, the plate current 
of the tube is excessive. resulting in 
shortened life for the tube itself and 
for the "B" batteries. The other rea- 
son is that a positive grid lowers the 
input impedance of the tube to such a 
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point that the selectivity of the set is 
greatly impaired. 

The method which uses a variable 
resistance in the plate circuit to re- 
duce the effective plate voltage on 
the tube is very satisfactory on re- 
ceivers where the radio frequency 
amplifier cannot be made to oscillate, 
but on other types the use of the plate 
resistance will cause the amplifier to 
go into oscillation with a terrific 
squawk. This is because the resist- 
ance is usually shunted with a fairly 
large condenser to minimize radio fre- 
quency losses when high sensitivity is 
desired, and the time constant of this 
circuit is usually in the audio fre- 
quency range. When the set goes into 
oscillation at radio frequency, this re- 
sistance- capacity circuit will charge 
and discharge at an audible frequency 
determined by its time constant. thus 
producing the aforementioned squawk. 

Filament Control 
The filament rheostat method is 

singularly free from disadvantages, 
and is to be highly recommended. The 
only precaution that needs to be 
observed is to keep the rheostat of 
sufficiently low resistance so that the 
desired range of filament voltage is 
just about covered by the full swing 
of the rheostat arm. In several of the 
older sets where this method was 
used the rheostat was of such a high 
resistance that the "low" position cut 
the voltage down to around two volts 
on tubes of the 201 -A type. These 
tubes do not commence to give any 
appreciable filament emission until the 
filament voltage reaches about three 
and a half, so that over about half 
the range of the rheostat the tubes 
were inoperative. and the useful con- 
trol was concentrated in less than 
half the rheostat range. This resulted 
in excessively critical control. espe- 
cially if the amplifier was of the type 
where inherent regeneration was de- 
pended upon for sensitivity. A 
properly proportioned rheostat. how- 
ever, will give a very smooth and 
silent control over the sensitivity of 
the radio frequency amplifier. 

Filament rheostat control is not 
recommended for sets using the A. C. 

Simpli- 
fier, 

in the radio frequency 
however, since the filaments of 

these tubes are so heavy that they 
take an appreciable time to change 
their temperature when the filament 
voltage is changed. This results in a 
very annoying lag in the operation of 
the volume control. The plate resist- 
ance method is quite satisfactory with 
these tubes. however, as A. C. oper- 
ated sets are not operated very close 
to the oscillation point. anyway, on 
account of the enormous increase in 
hum just before the oscillation point 
is reached. 

The purpose of this article will 
have been realized if it causes the 
omission of "improper voltages on the 
radio frequency tubes" as a cause of 
musical distortion in future articles 
on tone quality. 
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The Problem of the Battery Set 
Methods and Circuits for A. C. Conversion 

PART HI 

\ow 

let us consider what to 
do when any set is presented 
as an electrification problem. 
First, it is still necessary to 

assure the average customer that you 
propose to give more than battery 
charging or even substitution; also it 
is well to bear this in wind. 

The possibilities of the lamp socket 
are unlimited, and it is poor engi- 
neering to overlook any chance to 
obtain the best results from the set. 
It is not the same problem as design- 
ing a new set, because in the latter 
case many other means are possible 
to improve the tone or even. let its 
say. the saleability of the set. how- 
ever, in making a power application to 
a set already built. we are limited 
to design or selection of the additional 
equipment. 

Power Units 
\lacy thousands of the best in- 

formed set owners have been delighted 
by the performance of the 210 type 
tube substituted in the last stage of 
their set by the earlier type of power 
unit, which also furnished "Ir supply: 
but, of course, did nothing about "A" 
for the other tubes of the set, except 
a very few, which contained n trickle 
charger. 

Analysis of the customer's return 
cards shows that they found their 
market with 

(a) Builders of fine amateur sets - 
mostly over 6 tubes. 

(b1 Owners of the highest class 
manufactured sets. 

Chief Engineer, Radio Receptor Co., Inc. 

By Victor Greiff, E.E.* 

I c) Owners of cheaper manufac- 
tured sets which have strong cam- 
paigns and merchandising behind 
them, and which are usually sold plus 
elaborate cabinets. 

This is the answer to the question 
"Who will buy the expensive types of 
power units ?" as well as an indication 
of when those types are satisfactory. 

It will, of course, be evident that the 

Fig. 1. Circuit of combined B- 
power unit and 
power amplifier. 
It will be noted 
that a low vol- 
tage. full -wave 
rectifier is used 
instead of a high 
voltage, h a l f - 

wave rectifier. 

L 

enough money to finance a college 
education. However, the period of se- 
lection by ear is coming, if not square- 
ly with us already. And it is power 
amplification that has brought It. 

Application of Power Tube 
The 210 is. of course, a good tube 

to keep out of the set. Its habits do 
not go well with set conditions. 

POTENTIAL BRIDGE 

reason for class (c) is that these 
owners have confidence in the value 
of their set, and also the price of the 
new equipment. There is no engineer- 
ing reason against the less advertised 
set as a prospect for good equipment. 

If this was true before the addition 
of complete battery elimination with 
the new tubes, it is now still truer, 
and the only real bar to the applica- 
tion of the 210 job is lack of appre- 
ciation. or inability to pay for it, 
which is usually a ridiculous argu- 
ment. frequently given by set owners 
who have paid for a collection of in- 
excusable junk, selected by eye, 

GRID LEAD -' TRANSFER PLUG 

o 

226 
o 
o 

A- 

A+ B- 
o 

C+ 

221 CI 
o 

C2 o 

F g. 2. Circuit of a complete "A.C." set, using A.C. tubes, and a com- 
bined "B" and 'C" power unit and 210 power amplifier. This circuit illus- 

trates the manner of conversion. from D.C. to A.C. operation. 

The writer might go further and say 
that all audio amplification is better 
taken care of in a separate unit: but 
that is another story, as we have 
actual conditions to consider. 

The method of operating the 210 in 
the power unit is probably familiar. 
The last tube of the set is replaced 
by a plug. permitting connection of 
the grid spring to a cord leading to 
the grid of the 210. This has been 
criticized as a long, grid lead, and 
experimental work with grounded 
sheathing has been conducted; but ex- 
cept when ambitious amateurs some- 
times insist on braiding it in with 
the loud- speaker cord. this has never 
produced any perceptible coupling 
effect. 

By operating this tube in this way 
the high voltage plate is kept out of 
reach without the use of an auto- 
matic switch, all parts of this circuit 
being under the shelf in the unit. 

The circuits of this unit are very 
similar to the previous unit, except 
the changes due to the higher 'B" 
voltage. The 2S0 type full wave recti- 
fier presents advantages which make 
it very desirable. and as it was not 
desired to go beyond its safe known 
voltage capacity: the 210 is operated 
somewhat under 400 volts. with a cor- 
responding bias. See Fig. 1. It is 
found that the undistorted output is 
ample for any private use. 

The output is tranferred to the 
speaker through a stepdown auto - 
transformer, Which by tone test ap- 
pears to match the effective imped- 
ance with the operating impedance of 
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the average speaker at the most de- 
sired range of frequencies. 

The recent article contributed to the 
Proceedings of the Institute of Radio 
Engineers, by von Ardenne (Berlin) 
indicates the necessity of considering 
the live rather than the 'dead' char- 
acteristics of the speaker in calcula- 
tions, and then determining the re- 
sult by test. 

"B" and "C" Voltage Provisions 
Features of much dis,is.iont in this 

circuit are the "B" and "C" provi- 
sions. 

The bias for the 210 is produced 
by its own plate current. This is a 
self- adjusting provision. If the ap- 
plied voltage goes up. the result:.ult 
increase of plate current nutnnati- 
cally increases the bias, limiting itsclt 
and keeping the grid properly biased 
for operation. 

The bias for the 226 tubes is also 
obtained by the voltage drop through a 
resistance. If the number of tubes is 
increased. this bias tends to increase. 
Within the range of five to seven 
tube sets, this is found to do very 
well. 

The fixed "B" amplifier and detec- 
tor taps are found to operate excel- 
lently on a wide range of sets, partly 
assisted by the higher bins with in- 
creasing number of tubes. 

The 226 tube has the widest sort of 
filament latitude and a moderate de- 
gree of "B" and "C" latitude. It is 
found that variations in "B" voltage 
applied to sets with the 226 tubes pro - 
duce little effect within wide limits. 

The writer designed a type of power 
unit called "Universal." which has an 
elaborate arrangeaient of "B" taps 
and a rheostat to compensate for 
variation in drain. Its principal ap- 
plication has been in the laboratory 
to prove that when an application is 
properly made, "B" voltages may all be 
taken from the same tap. identical 
with the general model. The circuit 
is shown in Fig. 2. 

A feature which is very puzzling 
to the average person is the bunching 
together of -A. -A. -B, and a couple 
of C taps, all on one post of the unit. 
The explanation is. of course. that the 
transfurii r secondaries (filamtents) 
have different D. C. potentials im- 
pressed on them. (positive) and all 
the grids are 'returned' to the com- 
mon negative. giving the effective 
negative grid bins. 

A. C. Adapter Harnesses 
It is rapidly becoming common 

knowledge that the application of a 
unit of this kind with a harness, is 
practically universal. The manufac- 
turers of the fittings seem to believe 
that with their harness once unpacked 
from its nest of paper boxes and 
linked up, the job is practically done. 
-just hook to the light socket. (Gas 
light is not yet recommended.) 

This is largely due to the flexibil- 
ity and success of the pioneer devices. 

The difficulties encountered with the 
complete unit described may be classi- 
fied as follows: 

(a) Oscillation caused by the in- 
creased energy of the new tubes. 
This is sometimes found in the R. F. 
stages, and in some three stage audio 
sets. The use of grid resistors has 
already been taken up. Re- neutraliza- 
tion of meutrodynes may be required, 
especially if neutralized for 199's. 

In troublesome audio amplifiers a 
0.1 ntegolun resistor across the next 
to last grid (to -C) will rob little, if 
anything, and in combination with 
the 210 tube will give the finest of 
tone. 

(b) Complete misunderstanding of 
the control instructions. A mere 
,bunting resistance will work, even 
connecting the ground to the slider 

The following sets 

"IC I:'"`'rcL 

Make 
Atwater Kent.. 

Atwater Kent.. 
Bosch 
Bosch 
Bosch 
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will work, but the method given 
prevents abnormal R. F. conditions 
and oscillations. A mere series re- 
sistance is useless. Originality is not 
desirable at this point. 

The antenna connections must be 
guarded against electrostatic and 
magnetic coupling with the higher 
R. F. stages, especially with the new 
tubes. 

While it may be superfluous to 
speak of it, it will happen that some- 
one will complain of 'hum and blame 
the unit. The unit may be to blame, 
but this is comparatively rare, espe- 
cially those units which generate a 
high voltage; as the reducing circuits 
act as capacity- resistance filter meshes, 
similar to a capacity -inductance mesh, 
and give very smooth "B" to the set. 
limn is generally traceable to a wrong 

Conversion Data 
have linen equipped with A.C. tubes and power amplifiers In the 

laboratory and in the field. 

'III Ill, I:1 .I!!II!Iilllll 'I:I', 

Type or model 
. . 10 (Open Bread Board)... Requires special UV adapters with 400 ohms in grid 

circuits of R. F. tubes. 
.. 20, 30, 32, 33, 33 10 change is needed. 

Cruiser Requires reneutralization. 
40 -co volume control necessary. 
57 special Harness. 700 ohms in grid circuits of 

R. F. tubes. 
66 or 76 Requires 400 ohms in grid circuits of R. F. tubes. 

Also requires reneutralization. No volume con- 
trol necessary. 

.. Counterphase 6 -37 Requires A. K type of Harness. Occasionally 
requires reneutralization or grid resistors. 

.. Counterphase S Requires harness with special distances between 
adapters. Reneutralization or the use of grid 
resistors. External volume control. A high 
resistance of 50,000 or 100,000 ohms should be 
shunted across the secondary of the 2nd audio 
transformer. 

Bosch 

Bremer -Tully. . 

Bremer -Tully. . 

C'rosley Bandbox 

Day -Fan 6 Jr 
Fada 160 etc. (1926 models)... 
Fada... Special' 6' -265 A -RP 65. 
Fada 7 "- 475-SF 4óg75 

Fada 480 B -S. F. 50./80 B 

Federal 

Simply plug in harness. 
nation is necessary. 

Simply plug in harness. 
Use special UV harness 
Simply plug in harness. 
Remove tube housing 

set with distances 
longer. 

Requires the use of 1,600 ohm resistors in the grids 
of all of the R. F. tubes. A high resistance in 
the order of 50,100 or 100,000 ohms should be 
shunted across the secondary of the 2nd audio 
transformer. 

E -F Use regular AK harness. Tube cups most be re- 
moved. 1,600 ohms in grids of 3rd and 4th R. F. 
adapters. Connect variable resistance across 
loop for volume control. 

Early 5 tube models require special harnesses. 
I.ater 5 and 6 tubes models require UX harnesses 
7 and 8 tube models require special harnesses. 
Some sets may require reneutralization or the 
use of 700 ohm resistors. 

1,600 ohms in R. F. grid circuits. Special UV 
harness. 

Requires slight reneutralization. 
special distance harness. 
700 ohms in grids of R. F. tubes. Sensitivity 

control on set O.K. 
1,600 ohms in grids of 3rd and 4th R. F. adapters. 
Special harness. Reneutralize. 
Shunt 50,000 ohm resistance from grid of 2nd audio 

tube adapter to A- or B -. 
Requires 400 ohms in grid circuits of R. F. tubes. 

Also requires neutralization. No volume control 
necessary. 

Special harness. 400 ohms in grids of R. F. tubes. 
No volume control other than one in set needed. 
Special harness. No control needed. 
Reneutralization required in some cases. 
Special UX harness. 
Special UV adapters. 400 ohm grid resistors. 

No volume control needed. All ' C' batteries 
must be removed and gaps shorted. 

II or 14 Special length harness. 

In some cases, reneutrali- 

Harness for seven tube 
between adapters slightly 

Freed Eìsemanu.. 201 -A Battery Sets 

Freshman 3 Dial Type 

Grebe MU -1 (5) 
Grebe 7 
Koester Model OD or 6G 

Koester 8-A etc 
Radiola 20 
Sonora D' 

Sonora 

Sonora ' F' 
Stewart warner.. 525 
Stewart warner.. 705 
Stromberg Carlson 501 -A 

ri Stromberg Carlson 601-602 
Zenith VII, VIII, IX 

Zenith 

www.americanradiohistory.com

www.americanradiohistory.com


 

W 

Radio Engineering, April, 1928 

connection, causing an open grid cir- 
cuit, or to electrostatic pickup on an 
audio grid or transformer winding, 
which very often may be cured by 
grounding the metal parts of the set 
and unit. Wrong or defective bias 
resistors also cause abnormal opera - 
tion. producing the hum. 

The construction and treatment of 
geese transformer windings are also a 
possible cause of hum. Dry wind- 
ings are preferable to heavily waxed 
or impregnated windings for this rea- 
son. as the latter may have as high as 
40 times the inter -coil capacity, as 
the former tests have shown. 

There should be nothing within the 
unit to require the use of a balanc- 
ing potentiometer across any of the 
tubes. This is becoming widely 
known. and it is believed that this 
item will gradually drop out of use. 
It will rarely be found that a dis- 
placed position of the potentiometer 
,till give silence, unless there is a 

p1. -k up of some kind in the audio 

amplifier, which should he otherwise 
removable. 

The user is sometimes puzzled by 
the extreme energy available from the 
power unit, but soon. as a user wrote 
us,- -"hacks it into a corner and puts 
a halter on it." Exactly the ex- 
pression -only this is power of another 
kind. 

Mechanical /)i ficulties 
The most serious difficulties are 

mechanical -in adapting the A.C. 
tubes to the various sets. One set 
seemed to require UV sockets, and 
then to present danger of ground: but 
it was found that a fake cover could 
be removed, and UX adapters used. 
In one ease (the Radiola 20) angle 
adapters were required. 

All the small tube Radiolas are dif- 
ficult to convert. A rectifying cir- 
cuit with a standard A.C. package 
was designed for the Radiolas 2:5 and 
2s. 

The earlier six -lobe Radiolas, with 
catacomb connected internally. are still 
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an unsolved problem for adaptation 
of the new tubes; the best that can be 
done is to use an old type "B" elimin- 
ator, a power amplifier, plus an auto- 
matic trickle charger. An adapter 
device is in preparation, however, and 
is expected to be ready soon. 

Intensive work in the laboratory has 
provided standard equipment for most 
commua types of sets. Many not men - 
tinned have just naturally followed 
the practice of their type -such as all 
ordinary neutrodynes. Of course, 
divergences from the `dopé deter- 
mined in the laboratory may occasion- 
ally be required in the field. 

Sets with the last tube reflexed are 
the only ones presenting no hope of 
power amplification without extensive 
alteration. 

In review, it may he said that 
of the various types of A.C. units, 
the poor set needs the best unit to 
bring it up to usefulness, while the 
fine set deserves the best auxiliary 
devices of every kind. Therefore, the 
210 unit is the proper one to select. 

The Relation of Condenser Ratings to 
Filter Design 

An Explanation of Voltage Regulation in Power Supply ('nits and 
Its Effect on the Filter Condensers 

N the construction of Power Sup- 
ply Units. many builders have 
been sadly disappointed by bar- 
ing their condensers short circuit 

after a few weeks of use. necessitat- 
ing replacement of these expensive 
parts. frequently destroying the recti- 
fier tubes, and sometimes even burn- 
ing out the transformers or chokes. 

This loss is peculiarly annoying, 
because it is so unnecessary. Usually 
the reaction on the part of the dis- 
gusted user is "Why the dickens don't 
these condenser manufacturers rate 
their condensers right. No more of 
that kind for me!" 

Of course, there are some manufac- 
turers who over -rate their eonrlensers. 
as there are people in every trade 
who misrepresent their merchandise. 
And there are some who do not prop- 
erly test their product. But let us 
presume that we are to consider only 
condensers made by manufacturers of 
proven integrity, whose ratings are 
conservative, and whose goods are 
properly tested before being used. 
Even in this case a condenser u-llich 
to the inexperienced eye is correct, 
may blow up just in time to supply 
an interruption to a much anticipated 
program. Let us take a case in point : 

Assume we have a transformer with 
a secondary tapped in the center and 

Acroror Wircicaa Corp. 

By Bert E. Smith'. 

delivering 550 volts on each side. We 
are rectifying the carrent' with two 
sl rectifier tubes. Our filter is built 
with a pair of chokes and good 000 
working voltage condensers connected 
in the customary way. And yet the 
thing blows up! Why? The trans- 
former only turns out 550 volts: the 
rectifier tubes must have some resist- 
ance. and therefore there should he 
some voltage drop there: and the 
chokes should have resistance. again 
lowering the voltage. hilt it may he 

550 
VOLTS 

VOLTS 

the last condenser which goes out! 
Only 550 volts to start, at least two 
voltage drops, and a six hundred volt 
condenser blows. 

Under these circumstances, one can 
hardly blame the builder for using 
hard language. And yet. it is his own 
fault, for he has more than seven 
hundred volts across the condenser. 

Peak Voltage 
This seeming paradox is caused by 

the difference in nomenclature he- 

T16 
VOLTS 

FIG.1 

Illustrating the variation of an alternating voltage through positive and 
negative values, and the "effective voltage. 
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Appearance of alternating voltage after rectification. The shaded portions 
represent the ineffective voltage. 

tween A.C. and D.C. If we have 5511 

volts of pure D.C., we have just 530 
volts -no more, no less. Rut when 
we have 550 volts of A.C., we have 
normally steadily varying voltages 
front +776 to -776 and back again. 
lint it will only do as unuIt work as 
its average value either plus or minus. 
So we take all its many instaitt:naous 
values, square them, add them lip. and 
take the square rout. In this ca <c it is 
550. 

In other words, alternating current 
having maximum values of 776 volts 
will only do as much work as. 550 volts 
of D. C. because its effective value is 
only 550 volts. 

But if we rectify this voltage. and 
then store it in a condenser, it will 
build up to a value as high as the 
maximum value of the peak A.C. 
voltage. And hence, it is possible to 
blow 6011 volt condensers in the filter 
with only 550 volts ont of the trans- 
former. 

This brings up another quest bat. If 
we have more than Olal volts to break 
up our condensers, why haven't we 
more than 600 volts to work our set? 
is this high voltage some waliliceut 
wraith which is destructive lint can- 
not be used? 

Unfortunately the latter is true. 
\Ve've got it -we can't get rid of it 
but we can't make it work becans, 
we only have it a very small port iott 
of the flute. So we have to ii,t rou 
densers big enough to hold it even 
though they rust it little noire money. 

Root Mean Square Value 
A reference to Fig. I will show 

Whitt happens is our A.C. We have 
our voltage skirling :+t zero and in- 
creasing Ihrou_h loll is known as a 
"sine" curve until it reaches 776 
volts, then falling back to zero and 
increasing again in the opposite di- 
rection. Due to the fact that at times 
there is only a very small voltage, 
this 776 volts maximum alternating 
current will do only as much work 
as its effective value which is 550 
volts. That is, in Fig. 1. the shaded 
portions outside of the 550 volt line 
are useless because we require thew 
to till in the shaded portions inside 
the 550 volt line. 

Now let us presume that we are 
to rectify this, using u theoretically 
perfect rectifier. Such tubes are not, 

f couise, commercially practical, but 
it will simplify the explanation a great 
deal and detract in no way front it's 
correctness in general, if we ignore 
phase angles and transients in the ex- 
planation. After rectification, the cur- 
rent and voltage are approximately of 
the same values as before but they are 
HOW of one polarity only. III other 
vvords, if we were to cut Fig. I out 
of the book und fold it along the zero 
line, we should have the form which 
is shown in Fig. 2. 

Our voltage will still have u maxi - 
mum peak of 776 volts and twice in 
each cycle it drops to zero. It's 
effective or r.m.s. value is still only 
550 volts, for the shaded portions of 
the leaks give still just sufficient to 
fill in the valleys to this value. An- 
other way of getting at it is that we 
have here an alternating current vary- 
ing from a maximum of 550 volts on 
one side to 227 volts ou the other, 
super -imposed upon a direct current 
voltage of 550 volts. 

Of course, we cannot use this kind 
of current as a supply for our tubes- - 
what we want is the smooth 5:10 volt 
e.w.l'. Therefore, we introduce Into 
the circuit at this point a titter sys- 
tem in which the condensers. acting 
as reservoirs, charge when the voltage 
k above the average nod discharge 
help% this point. 

slut if we have no load across the 
output of our rectifier, the Condensers 
w ill have no opportunity to discharge 
and the voltage %ill gradually build 
up to the peak value as shown in 
curve 'A" of Fig. a. This voltage 
is useless lo its as far as operation 
is coaceraed for as soon as we put 
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a small load across the output of 
the filter, the condensers will be given 
an opportunity to discharge and the 
voltage will not build up as high, fol- 
lowing rather the form shown by 
curve "B" in Fig. 3. This condition 
is the one which obtains in most elimi- 
nators when the eliminator is turned 
on and some current is passing 
through the voltage distributing re- 
sistance, the receiver still being 
turned off. It is at this point that the 
maximum strain occurs in most elimi- 
nators, for usually the voltage 1s still 
above the average line by a consider- 
able margin. 

Current Drain and Voltage 

For example, according to data 
issued by E. T. Cunningham, Inc.. if 
the transformer output is 550 volts. 
the rectifiers are two CX -381s and the 
current load is 20 mils the voltage will 
he approximately 700. Now we twin 
the set on and increase the load to 40 
toils. Due to the increase in load, our 
voltage drops to the value indicated 
by curve C. It we could keep it front 
varying beyond this point, we should 
be able to use condensers rated at the 
same working voltage as the nominal 
value of the alternating current output 
from the transformer but, unfortun- 
ately, it is impossible to avoid the con- 
dition shown in A or B at times and 
therefore, a sufficient margin must be 
allowed to give safety even though the 
voltage reaches the maximum peak 
value of the transformer output. 

Curve "D" has been introduced to 
show roughly what happens when too 
heavy a load is put on the eliminator. 
Su much current Is being drawn that 
the condensers have Insufficient stur- 
age room to effectively iron out all 
the ripples. During the time avail- 
able for charging the condensers, they 
du out accumulate sufficient energy to 
supply the full load during the period 
%hell the rectifier is supplying little 
or no current at all, hence the voltage 
falls and in consequence a pronounced 
hunt will be heard from the loud 
speaker. This condition can usually 
be cured by making the second and 
third condensers in the filter much 
larger. 

tt) J 

A' 
.B" - 

"D" 

FIG.3 

A represents the peak voltage; B. voltage with small load; C, voltage with 
heavy load and D, the ripple introduced when the load is excessive. 

www.americanradiohistory.com

www.americanradiohistory.com


Radio Engineering, April, 1928 

The Mathematics of Radio 
Capacity of Series and Parallel Connected Condensers and Their 

Relation to Applied Voltages 

By John F. Rider, Associate Editor 

PART V 

WR N condensers are connected 
in series the circuit arrange- 
ment differs from the par- 
allel system. Compare Figs. 

22 and 23. The former shows a parallel 
system and the latter depicts the 
arrangement of condensers in series. 

o Contrary to the results desired when 
condensers are connected in parallel, 
the purpose of series connections is to 
reduce the resultant or effective ca- 
pacity. Another purpose, which shall 
be discussed later in the text, is to 
permit the application of greater 
voltages. 

Capacities in Series 
The calculation of capacities in 

series is identical to that of resist- 
ances in parallel and the law govern- 
ing this calculation is as follows: 

The resultant capacity is equal to the 
reciprocal of the total capacity, which 
in turn is equal to the sum of the re- 
ciprocals of the individual capacities. 

This is interpreted in the following 
manner when a formula expression is 
desired, 

1 1 1 C=-=- plus -- 
C Cl C2 

(13) 

If we substitute the values shown in 
Fig. 23, we have 

1 1 1 -=- plus --or 
C .006 .004 

1 1 --=- or 
C 416 

C =.0024 mfd (approx.) 

One fact must be remembered when 
solving for capacities in series. and this 
is, that the resultant capacity will al- 
ways be less than the smallest capacity 
value in the formula. 

CI C2 

¡ I 
i .004 .006 

L. 

MF. MF 

FIG. 23 

Connecting condensers In series 
reduces the resultant capacity and 

increases the working voltage. 

As in the case of resistances in par- 
allel, another method of determining 
the resultant capacity of two unequal 
condensers in series, is available. It 
is identical to the system employed 
when calculating two resistances iu 
parallel. It is 

Cl x C2 
C- 

Cl plus C2 
(14) 

MAXIMUM .005 MF. 

1.002 MF. 

T 
T.003 MF. 

4 

t 

-A- 

MAXIMUM .042 MF. i 
04 MF. 

T.002MF T 
B- 

FIG. 22 

Illustrating the result of connect- 
ing condensers In parallel. It will 
be noted that the capacities are 

additive. 

Substituting the values employed in 
Pig. 23 and converting the values into 
micro- microfarads, so as to eliminate 
the need of multiplying fractions we 
have 

'(1000 x 4000 
C =_ or 

6100 plus 4000 

e 2400. and since .001 mfd equals 
1000 mfds. 

4 .002-t mfd. 

N,,iuciiwc: several condensers of 
ennui value are connected iu series. 
The resultant capacity in this coin- 
bins it is determined by employing 
!lie following formula : 

Cl 
(15) 

u 

Where Cl is the value of one of the 
condensers and n is the number of 
condensers in series. For example, if 
we have four .006 mfd condensers con- 
nected in series as in Fig. 24. All 
have like values of capacity, say .006 

mfd. What is the resultant 
of the complete combination? 
ing to the formula 

.006 
C =- or 

4 

C = .0015 mfd. 

l'age 35 

capacity 
Accord- 

Let us prove this by means of the 
first formula. We have 
1 1 1 1 1 
-- - -- Ictus plus plus -er 
C .006 .006 .006 .006 

1 

C = -or 
664 

C=.00161 mfd (approx.). 

Relation of Condensers to Applied 
Voltages 

In direct contrast to the frequent 
use of paralleled condensers in receiver 
circuits, condensers in series connec- 
tions are seldom employed. But be- 
cause of the conditions existent when 
condensers are employed in series 
connection fashion, and because of the 
frequent use of paralleled condensers 
iu power circuits, it is necessary to 
consider the relationship between con- 
densers and applied voltages. We are 
not going to enter in the electrical de- 
sign of the condenser, and discuss the 
factors which govern effective resist- 
ance, leakage, etc., but will dwell upon 
the voltage rating of the condensers 
in A.U. and D.C. circuits. 

When a fixed condenser is to be 
designed certain items are decided 
nix ". These are size, capacity and 
A.C. and D.C. voltage. The first is 
irrelevant. The second, third and 
fourth are closely related. After the 
capacity has been selected, the design 
uses materials which will withstand 
the potentials applied when the con- 

Cl C2 ì,3 ,_,-t 

[-11----11-11-11- 006 .006 006 .006 
MF MF. MF MF 

C -- 
FIG. 24 

The resultant capacity of this 
series group is approxlrñately .0015 
mfd. This example is worked out 

in the text. 
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CI 

C2 

II 2MF. 

I 4 MF 

C3 

II 5 MF 

E 
1000 v 

FIG. 25 

Diagram used as an example of 
the relation of capacity to applied 

voltage. 

denser is placed in operation. Since 
each condenser has a maximum A.C. 
and D.C. voltage rating, it stands to 
reason that cnndensers.are not suitable 
for use at all voltages. The factors 
which govern the operating voltage are 
first the frequency and second the 
thickness and type of dielectric ma- 
terial employed. Since these are 
factors within the realm of the de- 
signer and outside of our scope, we 
will concern ourselves with the asso- 
ciation of operating voltage rating and 
use in the receiver. 

Fixed condensers of various values 
are usually marked with the voltage 
rating in addition to the capacity, and 
it is imperative that the operating 
potentials applied to the condensers do 
not exceed the voltage rating. Refer- 
ence to Figure 22 A and B shows that 
when condensers are connected in 
parallel, the electrical charge is ap- 
plied equally, that is, all condensers in 
the parallel combination are subjected 
to the same electrical potential. This 
does not mean that the same charge is 
carried by the condensers in the par- 
allel combination, since the charge. 
usually designated as Q. Is equal to 
the capacity C times the electrical 
potential E, hence a parallel combina- 
tion of condensers Cl, C2 and C3 as 
in Fig. 25 would carry charges equal 
to: 

Q1=C1xE 

Q3=C3xE 

Q2=C2xE 

FIG. 27 
Condenser C, and Cz need not 
have a working voltage of 400 
each, *Ince they are connected in 

series. 

The electrical charge carried by the 
condenser varies in direct proportion 
with the value of capacity, but the 
stress applied to the condensers is 
equal regardless of the value of ca- 
pacity. See Fig. 25. 

We have three condensers in parallel, 
Cl, C2 and C3. The charging voltage 
is 1000 volts. The capacity of Cl is 2 
mfd, that of C2. 4 mid and that of C3. 
5 mfd. The total capacity (if the 
parallel combination is equal to ' 

C= Cl + C2 f C3. 

Since in parallel combination, the 
charge across each condenser Is 

Q =C X E 
the charge across Cl would be 
Q =2 X 1000 

Q =2000 
across C2 

Q =4000 
across C3 

Q =5000 
The voltage across each condenser is 

equal to the charge divided by the 
capacity or 

C2 

TT 
FIG. 26 

Condensers C Ca and Cs should 
have a 400 working voltage to 

withstand the strain. 

Q 
E =- 

C 
therefore the voltage across Cl is 

E= 1000 
across 02 

E =1000 
and across C3 

E =1000 

(16) 

Suppose we apply these facts to 
actual practice, as for example in a 
B- eliminator. Examine Fig. 26. We 
show a filter circuit, Cl. C2 and C3 
being the condensers connected in 
parallel fashion, and located adjacent 
to the rectifying tube. If we assume 
that the voltage from the rectifying 
tube is 400 and that in the initial lay- 
out only Cl of the bank of three par- 
allel condensers was employed. this 
condenser would he subjected to the 
voltage strain of 400 volts. When we 
connect C2 and C3 we raise the value 
of the total capacity but we also sub- 
ject all three condensers to the poten- 
tial of 400 volts. Raising the value of 
capacity does not permit the applica- 
tion of a higher voltage or subjecting 
the condensers to a higher electrical 
stress, unless the voltage rating is 
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greater than the potential obtained 
from the tube. If this is the case, it 
applies equally to each one of the 
condensers individually, and parallel- 
ing of the capacities to produce a 
higher capacity has no bearing upon 
the applied voltage. 

Another fact which must be re- 
membered when parallel capacities are 
concerned is that every one of the 
capacities if used individually must be 
able to withstand the electrical stress 
applied to the combination. That is to 
say, the minimum voltage rating of 
Cl. C2 and C3 must be at least equal 
to the voltage output of the tube. 
Paralleling C3 with Cl does not permit 
the use of a 300 volt condenser for C3, 
simply because the voltage rating of 
Cl is 400 or 600 volts. Fig. 25 shows 
that the electrical potential is equally 
applied to each one of the condensers 
in the combination. 

Division of Voltage in Series 
Combination 

The above, however, does not hold 
true in series combinations. Here we 
find that the voltage divides between 
the condensers in the series, and that 
if we had two condensers such as Cl 
and C2 in Fig. 27, the actual voltage 
applied across each condenser is equal 
to one -half of the total voltage applied 
across the combination. The method 
of determining the voltage applied 
across each condenser is simple. 

First the resultant capacity of the 
series combination is determined. Ac- 
cording to the formula for equal values 
of capacity in series we have 

2 
f =: -- mfd or 

2 

C =1 
The charge Is equal to 

Q =CXEor 
Q = 1 X 400 or 
Q =400 

The voltage across a condenser is 
equal to 

Q 

C 
(17) 

therefore the voltage across Cl, whose 
capacity is 2 mfd, is 

400 
VI -- or 

2 
V'1 =200 volts and 
F2 =200 volts since the value 

of C2 is equal to that of Cl. 
Under these circumstances we find 

that if the individual voltage ratings 
of the condensers are 900 volts. we can 
apply 800 volts across the series com- 
bination without impairing the life 
of the condenser, since the voltage ap- 
plied across each one of these two 
equal capacities is only half of the 
applied voltage. Hence series con- 
denser combinations permit the appli- 
cation of higher voltages. Two equal 
capacities of equal voltage rating per- 

www.americanradiohistory.com

www.americanradiohistory.com


Radio Engineering, April, 1928 

nient is one of the radio active ele- 
ment group properly known to the 
layman through its much heralded 
member radium which is often taken 
as a name for the marvelous and 
newest developments of scientific re- 
search. '['buse radio active elements 
furnish the proof that all furitls of 
matter ore composed of nothing but 
electricity und energy and are con- 
stantly breaking down into simpler or 
mure primitive elements. at I he same 
tinte liberating vast quantities of free 
electrieity and energy. This property 
has close connection with the use of 
thorium as a material employed in Ille 
filament of the radio alles \ \'III11 
healed. 11101111111 emrits a eupi nt- Ill/'v 
of elIItt(Is anti there oleAlrous are 

the process of the entire perfuvnuiuve 
of Ille radio valve. 

.A tungsten filament is impregnated 
will) as nine', thorium :is il is possible 
Io cause il In dissol cv. '1'Ile Value of 
filament \\ ire used in the present day 
radio valve depends I,, n groat exltml 
,(n the amount of thorinnt it carries as 
the exhaustion of this clement marks 
the termination of the useful life of 
the vulve. This is why a radio valve 
goes dead although the filament still 
lights and the other elements of the 
valve are to all appearances Intact. 
'Phis element is contained in solid solu- 
tion and is accordingly not visible to 
the eye but forms a skin or layer 
whose thickness is only capable of 
being measured by such u tine instru- 
ment of measurement as the light ray 
over the surface of the tungsten lilt - 

meats. This layer is constantly being 
replenished by diffusion of tl fresh 
supply from the center id' the filament 
as fast as the material k dissipated 
from the surface. This process is the 
reason why the filament should be 
burned at the proper temperature 
which is only to be secured by keep 
ing the proper voltage on the kilt 
meut, and the proper voltages uu (lie 
grid and plate of the calve. as over 
loaded It is possible to rapidly de 
plebe the nvailaI I, oll[ el' tI ,iitun. 
and even completely exhaust il ill a 
few hours' tithe. It' the overload has 
been severe temporarily or olds' some- 
what o'er a longer period. il is often 
possible lu rejuvenate il'. Iilau1euls 
and this process is siut by designed lo 
restore lo the surface ut' the filament 
the valuable thorium nord only snctess 
full when the heart of the filament 
contains a still unused uppls I,. dray 
npou. 

Oxide (:mated F'ilamrents 
s of the newer types of !lilies, 

namely, "alternating current." such as 
the -26 and -27 type also the nett 
autpere, tribes, use %luit is called an 
oxide coated tilanunt or cathode. 
These oxides may be strontium and 
barium and others. The base metal 
may be nickel ur stria' other simile' 
uutrriml. The advantage of an oxide 
coated tiltuueut over at tungsten thon 
ated filament uri' the lower operating 
temper'atur'es and higher saturation 
currents, giving to the public more 
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A view of a section of the general assembling department In a vacuum 
tube manufacturing plant. 

efficient radio valves. Nickel is fa- 
miliar to the average individual solely 
as a thin deposit placed on other 
metals to keep them bright and free 
from corrtsiou. l'ure nickel is rarely 
seen in every day life because of the 
rather high cost and we are able to 
utilize some of its valuable properties 
by plating it um other metals, Intl 
when the radio valve comes Tutu ques- 
tion the find it necessary l( use only 
Ulf' purest of nickel. It possesses the 
valuable qualities of being only fusible 
al high temperatures and of being 
readily freed from the "(Alluded" 
gases. " high lure present ill Ile lures 
of all mauls 211111 which were the bane 
of early experimenters of radio valves 
giving rise to the extremely erratic, 
.oft va iyes of several years 21 go. 

Í'he Ilse of ilulybdenum 
\lolyb iommn is a name which may 

appear longue Iwisliug to the reader 
of this page and as a mauler of fact, 
the every-day worker with this ele- 
ment usually alludes lu it as "Moly." 
The use id' Dlulybde n metal has 
only been possible within the Iasi score 
of years as previous tu That time tilt 
metallurgist was linable lu supply this 
element ctIuuercialis is Iii' 1'urm of 
a pire nodal. bol Iodas' the 1111/1111f2112- 

11111.1' "f flu u.deru radio valve calls 
l'or ils extensive employment in spite 
of ils extremely high cost. 'Phis ele- 
ment has all the good .011litles of 
nickel and in addition the extremely 
valuable une of retaining ils mechani- 
cal strength at such at high degree of 

temperature as is emameitered to some 
types ut' radio valves. l'on will find 
the use ut' Molybdenum in transmit- 
ting tubes and it good many manufac- 
turers use this material tu the cou - 

structiuu of their grids and hooks to 

support the tiluumnts. Inkier material 
used ill v :llvcs is b :tkelilt for bases 
and in the ease of bakelile it is es- 
sential that ils electrical resistance 
be or proper vnlne und the surface 
deterioration be negligible. 

Magnesium, the Scavenger 

Magues' is used in practically 
every type of radio valve. This cheat 
ctrl element may be familiar to the 
reader in the form of flash light 
powder or ribbon of the photographer, 
\Liell upon burning, leaves behind it 

it while powder known as magnesia. 
To tiny magnesium is also employed in 
both pure and alloyed form in aviation 
tvurk, where great strength and light 
mess are needed, as this element k 
only about one -half the weight of 
aluminum which, we probably think of 
as our lightest element. In the case 
of the radio valve. hit"tcr. we arc 
nul concerned with the lightness of 
magnesium but \trill' its chemical 
Iti'ult'rly "t' acting' as a scavenger or 
"getter" as the. phrase has arisen In 
the course of radio valve development. 
This means iu every day language that 
all the slight traces of various gases 
that nano still remain in the valve 
after it has been i hailed and ex- 
hausted during the course of nmanufac- 
I arc can be cleaned up or caused to 
pass from the stale of tree gases to 
....did compounds with the acid or Ihis 
uluu.st magic element magnesium. 
When the valve is flashed this element 
s'Itivh has previously existed in the 
form of at small piece of metal welded 
on to the plate of the valve is suddenly 
released as u vapor or gas and per- 
forms at this moment the mission of 
making the valve one having a perfect 
operating vacuum. The utaguesium 
vapor instantly condenses or deposit 

www.americanradiohistory.com

www.americanradiohistory.com


Page 40 

itself on the inside wall of the glass 
bulb and imparts to it the familiar 
silver -like look. or mirror appearance. 
The presence of this deposit on the 
inside of the valve is thus seen to he 
purely incidental to the coarse of 
manufacture and represents simply 
the surplus .or unused magnesium. 
Therefore, the quantity of this deposit 
or its position on the interior of the 
tube is absolutely no indication of 
the value of that particular valve. As 
a matter of fact unscrupulous or 
ignorant manufacturers of radio valves 
frequently use such an excessive 
quantity of this magnesium in order 
to obtain a radio valve having a 
mirror like appearance. that the metal 
deposits. not only on the inside of 
the bulb but also on the stern of the 
valve. and the last mentioned place is 
one where the presence of n metal, of 
course. is the last thing in the world 
desired. because it causes leakage of 
current from one element of the 
valve to another. 

We find it necessary to employ 
metals which have been selected in 
accordance with the needs of the par- 
ticular spot where they are to he em- 
ployed. The lead -in wires of the valve 
furnish an example of this. At this 
point it is necessary to have a metal- 
lic conductor whose thermal coefficient 
shall accord with that of the particu- 
lar glass employed at the .same point. 
in order that leakage of air into the 
valve shall not occur when it is subject 
to a change of temperature as it is, 
of course. whenever the valve filament 
is lighted. Accordingly, it is found 
necessary to employ not a single chemi- 
cal element or alloy at this point but 
a compounded metallic structure hav- 
ing a core which has this same ther- 
mal coefficient or rate of expansion 
with heat, as does the glass. and being 
covered with copper which actually 
wets the glass or makes a firm alloy 
with it Mien it is in the semi -molten 
state during the prowess of manu- 
facture. 

Solder Employed to Prevent 
Oxidation 

Solder furnishes anothe example 
of this kind. it is necessary to em- 
ploy solder with a high percentage of 
tin to avoid excessive oxidation of the 
contact points and consequent mysteri- 
ous noises which may arise from this 
enlise when the valve has been in use 
for sonic tinte. 

We might proceed with every item 
concerning which, the most scrupulous 
care must he observed, down to the 
most minute detail, but the above ont- 
line is sufficient to give one an idea of 
the elaborate detailed precautions 
which must be observed in respect to 
every material entering into the com- 
position of a radio valve. It is only 
by observance of each one of these fine 
details that a really good radio valve 
can be created and oft -times these 
very details add to the expense of 
manufacture. It is essential that the 
finest of laboratory equipment for test- 

ing be available, that skilled personnel 
he on hand to make tests and to check 
operations. This means an Engineer- 
ing organization is necessary to in- 
sure the proper materials to be used. 
the types of tubes to he manufactured, 
the proeesses to he carefully guarded 
so that at all times uniform radio 
valves are produced. Is a great 111%11)- 

IPM. in addition to the testing of ma- 
terials to be used iu the valves it is 
essential that operating characteristics 
and life tests which show the probable 
life to be expected from n valve in 
normal use. will also have to be ob- 
tained. Tests are also made of radio 
valves under conditions where the fila- 
ment is overloaded or the radio valve 
abused and all radio valves must he 
capable of standing a reasonable 
amount of abuse. This guarantees a 
margin of safety in actual operation. 
Many of the materials entering into 
the radio valve undergo treatments to 
aim at their further purification be- 
fore they are actually sealed into the 
valve. For example. all the parts 
which are to be enclosed in the vacu- 
ous portion of the valve are given 
special treatments in furn:u'es nt high 
temperatures while completely en- 
veloped in an atmosphere of pure hy- 
drogen gas. This treatment is of great 
importance when removing other gases. 
both free and combined, which might 
give rise lo difficulty in securing a 
high degree of vacuum. 

Willi all of the above precautions 
one can readily see that the compli- 
cated nature of the radin valve and 
its production in large quantities on 
an almost antonuatic basis is a feat 
which demands the highest engineer 
ing skill and supervision. and in spite 
of all this a certain small number of 
valves are still hound to come oit of 
the process with some defects. Here 
an elaborate testing schedule enters 
and the tests should be so rigid that 
it is impossible for a vulve in any way 
defective, mechanically or electrically. 
to leave the factory. The co-ordina- 
tion of manufacturing care. inslx'ellout 
and testing of valves is essential if 
the valves are to he noted for their 
uniformity excellence. 

.4ssenrbly and inspection 
Operations 

The usual sequence of the assembl- 
ing of the average radin valve is as 
follows: That part of the valve ob- 
served inserted into the hase is the 
flare. and it is the first step in the 
actual manufacture of a tube. This 
(lare is now placed on a stem machine 
H1111 the lead -in wires and the ex- 
haust valve are placed inside of this 
flare. After these parts have been 
run through a series of fires. the com- 
pleted stem is the result. The stem 
is nove easefully inspected for cracks 
and strains and is then passed on to 
what is called the betiding operation. 
This operation bends the support wires 
into shape in such n manner that the 
component parts, i. e. filament, plate, 
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and grid can be assembled in a uni- 
form manner. 

Some organizations use specially 
designed jigs. If this is done a uni- 
form mount is the result which in turn 
means uniform valves. After the 
mount has been completed, it is passed 
on to what is called mount inspee- 
tinu. Al this operation all mounts are 
carefully inspected for alignment 
under powerful magnifying glasses 
and then are passed on to the sealing 
operation. The sealing operation joins 
the mount to the bulb and as in the 
case of the stem operation. this is done 
by passing the mount and the bulb 
through another series of fires. 

The valve is now ready to be ex- 
lunusted. This operation is perforated 
on n very complicated piece of equip - 
nneut and it is essential that high de- 
gree of vacuum be obtainable from this 
piece of equipment. After this opera- 
tion the exhausted valve is again in- 
spected to determine its degree of 
vacuum. The valve is now ready In 
be based. This is a comparatively 
simple operation but requires con- 
siderable technique on the part of the 
operators. After the basing opera- 
tion the vales are aged. Different 
typos of tubes require different aging 
schedule's. These schedules may run 
from fifteen minutes to 21 hours. After 
the aging schedule the valve is now 
ready for n factory test. In the 
writer's opinion all tulles should be 
tested for grid current. saturation cur 
rent. plate current. filament current, 
plate resistance and amplification con- 
staid and the mnnnfactmurer should 
have close limits and should abide by 
these limits. 

Dynamic characteristics should also 
be taken on a certain percentage of 
the daily production. In this way bet- 
ter radio valves will be available to 
the public. 

Jabbers' Siatistir Cheek 
I)ealer Survey 

AN interesting comparison will 
he found between the dealers 
statistics and the jobbers sta- 
tistics which were collected 

by the Electrical Equipment Division 
of the Department of Commerce in co- 
operation with the National Electrical 
Manufacturers Association. according 
to Louis Ii. F. Raycroft, vice president 
in charge of the Radio Division. 

"The jobber statistics just released 
by the Department were obtained in 
dependently of the dealer survey but 
on a country -wide basis. A comparison 
of the two surveys show that the 
volume of business reported for 1927 
by the radio dealers checks within five 
per cent with the volume reported by 
the jobbers for the same period when 
the proper allowance is made for the 
average dealers discount. This five 
per cent difference is accounted for 
in the apparatus which is sold di- 
rectly by the manufacturer to the 
dealer. 
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What the Custom -Set Builder is Doing 
A Survey of the Activities of Those Who Build Radio Sets to 
Order and An Appraisal of the Opportunities in This Field 

THE oft -repeated sentiment 
with regard to the Presidency 
of the United States is that 
the office should seek the man. 

Devoutly to be wished though this 
may be, this ideal state of affairs 
generally has its whole life circum- 
scribed by the mind of the dreamer. 
Within the last few years, however, 
there has arisen a group of highly 
skilled technicians who have more just 
claim to that distinction than any 
other class in society to -day. We refer 
to the custom -set builders, whose rise 
has been simultaneous with the grow- 
ing demand on the part of the public 
for specially built receivers. These men, 
working unobtrusively and with little 
or no advertising save that voluntarily 
supplied by their enthusiastic cus- 
tomers, constitute one of the most 
powerful factors [Waking for better, 
and consequently, in the last analysis, 
more radio. They have amply justi- 
fied their existence, for, by giving to 
their clients nothing but the very best, 
they have revised the conception of 
many whose experience with radio had 
been limited to the agonizing sounds 
perpetrated by the cheaper sets. 

We know of no better way of giving 
these experts the recognition they 
richly deserve than by citing a few 
concrete examples of men typical of 
the craft, showing how they came to 
be interested in custom -set building, 
how they work, and the unique 
strategic position they occupy. In 
addition, we hope to shed some light 
on the vast possibilities of this field, 
both present and future. 

Outstanding Examples 
H. Horneij, of the Schneider - 

Horneij Radio Research Laboratories, 
of New York City. is an outstanding 
example of what this profession offers 
the really competent radio expert. 
Mr. Horneij has lived with radio from 
its earliest days. In 1911. he went to 
sea as a commercial operator for the 
Marconi Company and remained with 
that organization for nine years, serv- 
ing on some twenty -five different ves- 
sels. In 1920, he resigned, and after 
taking a brief fling at the manufac- 
turing game, went into the custom -set 
business in which he has scored a 
marked success. 

Mr. Hornell is assisted in his work 
by a corps of highly trained radio 
mechanics who supply that factor of 
careful production which is indis- 
pensable to the really good set. Ap- 
proximately five hundred sets are 

By Austin C. Lescarboura. 
Men'. I. R. E. Ment. A. I. E. E. 

constructed in the course of a year, 
which speaks volumes for the quality 
of the work turned out. All the re- 
ceivers are built to meet the customers' 
requirements, and only after a careful 
consideration of the location factor, 
which is manifestly impossible with 
the manufactured set. Only the very 
best circuits are employed, and long 
experience has facilitated the work of 
properly co- ordinating circuit and lo- 
cation. Due to the fact that only the 
best of materials are employed. and 
that the assembling is done by ex- 
perts, the servicing costs are prac- 
tically nil. Each and every part is 
thoroughly tested before assembly. 
and the finished set is also subjected 
to rigid tests by Mr. IIorneij himself. 

Although he advertises on a small 
scale in the New York papers, Mr. 
IIorneij freely admits that most of his 
business comes from the recommen- 
dation of satisfied customers, and has 
the satisfaction of seeing his business 
grow with each passing year. Iie 
does not suffer to any great degree 
from the low- priced manufactured 
sets offered, but when this point 
comes up, he tells his prospective cus- 
tomer to hear the cheaper set, ex- 
amine the materials in it. and Own 
compare it honestly with the one 1.. i< 

offering. "Nine times out of ten,'..;0 
Mr. Horneij, (and we detect a hi, ..t 
justifiable pride in his declarat i. n, , . 

"he will buy my set." Needles, I 

say. his profits are handsome, partly 
due to the excellence of his work, 
partly to the fact that. as he himself 
says. his overhead is small. 

"In the Business to Produce the 
Best" 

Another who has achieved a richly 
deserved success in building the cus- 
tom set is II. C. Stierer. "In the 
Business to Produce the Best." is the 
motto of Mr. Sherer's Montclair 
Radio Laboratories where, for the past 
three years he has built broadcast re- 
ceivers to order as a part time enter- 
prise. The splendid financial return 
that has been his portion has con- 
vinced him that success awaits the 
custom -set builder who is willing to 
give his client more than an even 
break. Each year has added its bit 
to his growing business despite the 
fact that he does no advertising at 
all. depending upon his old customers 
for new ones. .\ ,U sire for the best 
radio to be had. laid the corner- 
stone of his present flourishing busi- 
ness. 

Recently Mr. Stierer installed a set 
in the \loose home in Philadelphia. 
the contract being received as a re- 
sult of other satisfactory installations 
made in the vicinity. A well known 
Philadelphia doctor, hearing the set in 
operation. immediately placed an 
order with him in spite of the fact 
that three mouths before he had had 

Mr. H. Horneij, a successful custom -set builder. in his laboratory, in New 
York City. Note the array of testing equipment. 
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a nine hundred dollar radio installed 
in his home. Mr. Sherer has also made 
satisfactory installations in places as 
far distant as North Carolina, and 
modestly refuses personal credit, main- 
taining that the combination of a good 
circuit with the best parts to be ob- 
tained is the real reason for the suc- 
cessful performance of his sets under 
all sorts of conditions. Ile has never 
competed in the matter of price with 
the manufactured receiver, and never 
intends to. Most of his clients. he 
says, are discriminating buyers who 
know what they want. and also realize 
that a good set, though it may cost a 
bit more in the beginning. will ulti- 
mately prove more economical than 
the cheap one. 

of such of his customers as consid- 
ered themselves embryo radio engi- 
neers, taking the justifiable position 
that he knows more about such mat- 
ters than they whose flights into the 
realms of radio technique are gener- 
ally actuated by what they have heard 
or have seen on some other receiving 
set. In this way, he seeks to make 
his clients put their confidence in him, 
and is generally successful. 

Ia addition to building receivers, 
Mr. Sherer also repairs them in the 
same careful, confidence -instilling 
way, and considers a set well over- 
hauled a prospective client. "If our 
business is to flourish," he says, 
"quality, :Ibove all else, must be kept 
uppermost." That his sales, during 

Ready to Meet Changing 
Conditions 

Mr. Sherer does not keep a large 
stock of parts on hand, and in this 
connection makes the trenchant point 
that the manufacturer, with his elab- 
orate stock of then which must be 
used up, is unable to make the de- 
sirable changes which can he effected 
by the professional set builder. For 
this reason, he expresses the belief 
that the custom built receiver is at 
least one year ahead of its manufac- 
tured brother. The best testimony 
which can be adduced in support of 
the excellence of his work is the fact 
that he averages just two service calls 
per month. 

Mr. Sherer has consistently refused 
to incorporate in his sets the ideas 

Another view of 
the quarters of 
the Schneider - 
HorneiJ Radio 
Research Lab- 
oratories, New 
York City. who 
specialize in 
custom - set 
building and 
servicing. This 
organization has 
been In the set 
building busi- 
ness for eight 
years and turn 
out about 500 

sets yearly. 

the past three and one -half mouths, 
have approached the four thousand 
dollar mark, would seem to prove that 
in this he has been uniformly success- 
ful. 

Mr. John V. Kitchen of 277 Gates 
Avenue, Brooklyn, N. Y.. is yet an- 
other who has found the field a lucra- 
tive one. Mr. Kitchen is a mote re- 
cent devotee, beginning the study of 
wireless in England in 1917. He 
served as operator on various ships, 
always experimenting with apparatus 
which he himself constructed from 
odd parts lying about the radio room. 
The remarkable DX feats of his 
makeshift receivers spurred him con- 
stantly on to the construction of more 
elaborate sets incorporating all kinds 
of circuits, and when finally, after ten 
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years on the high seas. he decided to 
lead the life of a landlubber, he 
gravitated naturally into the business 
constructing broadcast receivers to 
order. He was successful from the 
start, and has recently been forced 
to enlarge his working facilities be- 
cause of increased business. 

Honest with the Radio Public 
W. H. Kuhlmann is a science 

teacher in the Junior Senior High 
School, of Lakewood, N. J.. who has 
embraced custom -set building as a 
pleasant means of increasing his in- 
come. Four years ago he was sure 
lie knew absolutely nothing about 
radio. I-Iowever, he wanted a set and, 
upon the advice of a friend, built his 
own with such success that he was 
soon swamped with requests from 
friends to install receivers for them. 
Finding that he was able to produce 
one set per month in his spare time, 
Mr. Kuhlmann entered the field, and, 
needless to say, has achieved remark- 
able results which he ascribes to the 
fact that he has been perfectly honest 
with the radio public. Although he 
builds his receivers to meet individual 
requirements, he, like Mr. Sherer. 
employs only circuits and materials 
which experience has shown him to be 
superior. Consequently, his servicing 
costs have been, to use his own term. 
"negligible." 

These examples could be extended 
almost without limit. but we believe 
that enough has already been said to 
convince the reader that here is a 
field whose possibilities are limited 
only by the ability of the individual. 
The radio public has indeed been for- 
tunate as regards the quality of the 
men who have taken up this profes- 
sion, and it is to be hoped that the 
recruits of the future will strive to 
maintain the high standard of manual 
and technical excellence established 
by their predecessors. 

Cashing in on "Individuality" 
In the course of this discussion, we 

have already touched on a few of the 
manifest advantages of the custom - 
built set. There is one, however, 
which, in our opinion deserves espe- 
cial mention. This is in the matter 
of cabinets. Each one of us has that 
indefinable something that is called 
"individuality," and. if he is normal, 
is anxious to indulge it. It is this 
quirk of human nature that gives the 
custom -set builder a peculiarly 
strategic position in the radio market. 
for he can supply his customer with 
any sort of fittings he may desire. 
even to the placing of his radio in a 
cabinet costing hundreds of dollars. 
And so it follows as a matter of course 
that the person who really wishes his 
radio to reflect his own tastes will go 
to the custom -set builder rather than 
to the manufacturer who will supply 
him only with a limited choice of the 
styles in vogue at the moment. 
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The Hagerman 210- A.C. -Six 
By Lewis B. Hagerman 

i sT, \I ,H builders have de- 
ir,,i a complete receiver incor- 

por:Uing all of the recent engi- 
neering developments as well as 

a simple and efficient power unit for 
the operation of the receiver. The 
Hagerman 210 -A.1'. -Six was designed 
expressly to fill this need and incor- 
porates the following salient features 
Three stages of tuned radio frequency 
amplification provided with perfect 
balancing and stabilization. it two -stage 
transformer coupled audio frequency 
amplifier employing a 210 type power 
tube in the output stage. total shield- 
ing of all circuits handling radio fre- 
quency currents. and :un individual 
power unit supplying all of the neces- 
sary A. B and C voltages. 

It will be noted that socket opera- 
tion is gained, not through the use of 
A.C. tubes. but rather by employing un 
A- eliminator having very efficient filter- 
ing properties. It is thus possible to 
use standard tubes and gain the ad- 
vantages of perfect balancing. stabilI- 
zation and high gain per stage of radio 
frequency amplification all of which at 
present are not possible to achieve to 
the fullest extent with A.C. tubes. 
Furthermore. this ensemble is "engi- 
neered" to the extent that voltage 
variations in the house lighting circuit 
can be readily compensated. The nec- 
essary compensation controls are in- 

eorpnated in the receiver and power 
unit and to provide an indication of 
the voltage conditions two Jewell volt- 
meters :ne mounted directly on the 
gaunt of the receiver. The No. 1 volt- 

by an alteration of the readings of the 
1 " meters. 

As already mentioned. the radio fre- 
quency stages are group tuned and 
completely shielded one from the other. 
The balancing employed is so accurate 
and delicate that it is possible to ad- 
.just the three circuits so that they will 
go into oscillation at exactly the same 
point or so that they will not oscillate 
at all. This system of stabilization 

Top view of the Hagerman 210 - A.C. -Siz receiver with the shield covers 
removed to show the layout of the R.F. stages and detector. 

meter indicates the voltage directly 
across the filament terminals of the 
vacuum tubes and the No. 2 meter in- 
dicates the voltage across the plate dir- 
cmit.s of the B.F. tubes. Any change in 
line voltage is immediately indicated 

-- BALANCING CONDENSERS--- - 

R.F s', , R.F. 
CHOKE -CHOKE 

"---0 
0 TO f00 VM 

R.F. CHOKE, 

3 MEG. 
.00025 i 

MF., w 

.00037 OM i 

MF n 4 
OTOBVM OHM S 

allows the operator to provide at will 
excessively sharp tuning or fairly 
broad tuning by merely altering the 
adjustment of the Variodeusers. This 
permits the receiver to he adapted to 
any location which is probably one of 

AUDIO 
TRANSF., 

1 .0005 MF `y 

5 
i 

210 

.002 
MF. 

O 
A -B- GND. 

BLACK & 
YELLOW 

Schematic diagram of the Hagerman 210- A.C. -Slx. The 
Is stabilized by R.F. chokes and 

A+ 
RED 

MIDGET 
CLAROSTAT 

8 +45V. 
RED & 
BROWN 

o 
8490V. 
PURPLE 

color code for the seven wire cable 
small variable, balancing condensers. 

O O O 
7 5V. A.C. PLATE 

BLACK & YELLOW GREEN & 
RED BLACK 

is given. The circuit 
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General view of the Hagerman 210 A.C. Six "B" and "C" power unit. The output filter for the 210 tube, composed of an impedance and condenser, is 
included with this unit. 

the most important considerations in 
the design of any receiving circuit. In 
other words. the set can be made ex- 
tremely selective if it is to be employed 
in a congested area or it may be 
broadened out perceptibly if the local- 
ity is practically free from a large 
amount of station interference. 

The coils employed in the radio fre- 
quency amplifier are of the space 
wound type which have a high degree 
of efficiency. 

It will be noted from the schematic 
diagram that trimmer condensers are 
shunted across the variable tuning con- 
densers of the second and third radio 
frequency amplifier stages. These con- 
densers are employed for lining up the 
three radio frequency stages so that 
they all tune to exactly the same wave 
length at any given dial setting. 

An interesting point in connection 
with this receiver is that the 210 power 
tube is incorporated in the set proper. 
This actually increases the efficiency 
of the audio frequency circuit. since 
in this manner the last audio stage 
is combined with the first audio stage 
and at the same fiole considerably sim- 
plifies the construction of the A -B -C 
power supply system. 

All of the supply terminals of the 
receiver proper connect directly to a 
Belden seven wire fused cable. The 
wires in this cable are colored and 
this prevents any confusion existing 
regarding connecting the other end of 
the cable to the binding posts on the 
power supply unit. 

Since a 210 power tube is used in 
the output of the audio frequency am- 
plifier. it is necessary that the power 
unit supply a maximum potential of 
450 volts for the plate of this tube ns 
well as a grid bias of negative 40 volts 
and an A.C. filament voltage of î?s. 
The power unit supplies all of these 
voltages as well as the necessary plate. 
filament and grid voltages for the rest 
of the receiver. 

That portion of the power unit 

whi, h - npplh, Ilu. It anal l' voltages 
eaipl,i ' an It -`l half -wave rectifier 
tube. 'l'his toloc delivers slightly over 
30) volts .Itrr,t , nrnvat and this volt- 

Front view of the receiver and 
cabinet. Meter No. 1, which in- 
dicates the filament voltage, is 

mounted on left center of panel. 

age is reduced by the output resistance 
bank so as to supply the three different 
plate voltages required for the opera- 
tion of the receiver as tvell as the 
40 -volt C bias for the 210 type power 
tube. This voltage is obtained from 

L 

POWER COMPACT R2I0 

Radio Engineering, April, 1938 

the drop of voltage existing across the 
Muter 1,000 ohm resistor connected in 
series with the common connection or 
B minus terminal leading to the center 
tap on the 210 filament winding of the 
power transformer. It will be noted 
that the loud speaker terminals are in- 
cluded on the binding post strip 
mounted on the power supply unit as 
the protective circuit for the speaker, 
consisting of a 30 henry choke and 
it 2. mfd. condenser, is included on the 
saine base with the power equipment. 

The A supply unit is separate from 
the B and C power supply unit as it 
employs an individual circuit not re- 
quiring any direct connection to the 
parts in the B and C power unit. 

Obviously. the A supply unit is a 
very important factor since any reduc- 
tion in filament voltage is immediately 
noticeable by it considerable reduction 
in volume at the output of the re- 
ceiver. As a matter of fact the greater 
the gain of a tuned radio frequency 
amplifier the greater will be the 
noticeable reduction in volume when 
the filament voltage is reduced. For 
this purpose the Abox "A" battery 
eliminator was chosen. This device 
consists of a step -down transformer, 
an electrolytic rectifier, and a filter 
system composed of a heavy duty filter 
choke and an electrolytic condenser 
with a tremendous capacity (approxi- 
mately 200.000 lnfdJ. With such a 
large capacity the filtration is exceed- 
ingly good and the output can be con- 
sidered as a pure direct current. 

Since this receiver has a tremendous 
output and requires a power speaker 
capable of handling the great ampli- 
tude of low frequencies the Netvcomnbe- 
IIawley long tone chamber type of 
console speaker was selected for use 
in connection with this ensemble. This 
speaker has an exceedingly long air 
column as will be noted from the ac- 
companying illustration of the horn 
itself. Due to the length of this air 
column the speaker has very good low 
frequency response as indicated by the 
accompanying graph. 

30 HENRY 
CHOKE 

7.5 V. A.C. 10,000 
OHMS 

100 OHMS 
GND 

Schematic diagram of the power unit shown at the top of this page. The Power Compact houses the power transformer, with two filament heating 
windings, and the two filter chokes. 
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Assembling and Wiring 
The assembling 811d wiring of the 

Ilagerimtl 210 -A.C. -Six ensemble is not 
complicated. Once the parts are prop- 
erly laid out and mounted. the wiring 
can be accomplished in a single \en- 
iug. The layout of the roil' eittl he 
easily- gained from the attnaipanying 
illustrations of the receiver and potter 
unit. 

The wiring is made very simple since 
the aluminum shields are employed as 
the common connection. The three 
tuned radio frequency stages are wired 
almost identically. 

Wire the sub -base first before at- 
tachiug to the panel or nutunting the 
sides of the shields. It is advisable to 
make all the grid leads first, then all 
the plate leads and so on down to the 
filament. 

Operation 
The Hagerman 210 -A.C. -Six will 

operate satisfactorily twitli either an 
indoor or outdoor antenna. For an in- 
door antenna a length of wire 50 to 7:5 

feet in length is sufficient. The out- 
door antenna. which is the most de- 
sirable. should be from :35 to 50 feet 
in length in congested localities and 
longer where there are few nearby 
stations. 

Placing the set in operation is a 
simple matter. Merely connect the 
seven wire cable from the receiver to 
the power supply unit and the A- 
eliminator. attach the loud speaker, 
and connect the power unit and A- 
eliminator to the light socket. 

When the set Is first turned on. the 
Jewell meters on the panel should 
show a deflection. Adjust the six ohm 
rheostat so that meter No. 1 reads 
about four volts and adjust the midget 
Clarostat so that meter No. 2 reads 
about 50 volts. Before making this 
last reading screw in the knob on the 
power Clarostat, on the power supply 
unit, until the rending. with the vol- 
ume control all the way in. is about 
100 volts. Then decrease this reading 
by adjusting the midget Clarostat to 
the desired 50 volts. 

Adjustment of the receiver is com- 
paratively simple. Adjust the trim- 
mer condensers and the volume control 

F r e q u e n c y char acteristw 
curve of the 
N e w c o m b e - 

H a w l e y l o n g 
horn speaker 
pictured below. 
It will be noted 
that the curve 
i s moderately 
fiat from 50 to 
4.000 cycles, the 
latter being the 
cut -off fre- 

quency. 

l'ayc 

for best results. Don't use tlit rheo- 
stat or filament control constantly. 
The best setting for this will vary for 
different tubes but once determined 
should be fairly c1msta nt. 

LIST OF PARTS REQUIRED 

(Receiver) 
4- Reujamin 21, inch r. f. transformers 
6 -Benjamin base mounting sockets 

The Newcombe -Hawley long horn 
speaker. The length of the horn 
is clearly indicated by the dotted 

lines. 

4- -Karas .00037 SLR condensers, type 17 
2-Karas midi. transformers, type 25 
1 -Set Karns brackets 
1 -13:1 .Jewell o-8 d. c. voltmeter 
1 -135 Jewel ii-100 d. c. voltmeter 

CAN, r -, mid bypass 444n41e11..rs 
1 \luirr 11412 pilot fixed c44141eu.se1. 
1- Maier .Iiti112d 11,141 4.I1141e11ser 111141 dips 
1- -slider .1111117. 111141 fixed condenecr 
1- Muter I; ohm rlieost at 
2- -Muter It :11111'. Tubestats 
4-- .\lumiuum co. of America box shields 

5x936110,10 1- Celoron 7x24 x:: /l winch front panel 1- ('cloven 10x2: :xa /16 -fart sub-panel 2- 1 hanta rlund midget condensers 
Cariodensers, type N 

I -Al terican \lechanic:tl Laboratories 
midget Clarostat 

2-Notional illuminated vernier dials 1- Belden 7 -wire fused cable with colored 
wires 

1 -1íM1 Belden ('nlorubber wire for wiring 
receiver and power unit 

1 Muter 3 tneguhm grid leak 
2-Brass 3/4-inch shafts 10 -inch long 
1-X-L binding post 
3 -Coco type K -r. f. tubes 
1 -Coco type II detect nr 

1 -Cero type AN tube. 
1 -(roto type L10 power tube 

(Power Unit) 

1 -.\box G volt A unit 
2 -Muter power condenser blocks No. 598 
2 -Muter 10,000 ohm resistors No. 2910 
1-- -Muter 1000 ohm resistor No. 2901 
1 -Muter audio power choke No. 3130 
1 -Muter 2 ofd power condenser 600 volt 
1-Benjamin base mounting socket 
1 -Thordarson power c pact Type R210 
1 -:UucriI :w M erha meal Labur:tories heavy 

duty high range t'Inrostat 
1 -Ceee I ype it SI rectifier tube 

la N -I. binding posts 
1-- .\niseu 14111 obiii resistor and mounting 
1- Muter i_ add r Sensor No. 507 
I t'elornn strip 1x933¡ -inch 
1 Newcombe- Ihawiey Speaker Console 

1- Belden indoor or outdoor antenna kit 

The Samson 350 Push -Pull 
Amplifier 
By C. J. 

TIIE introduction of the :350 

super -power tube marks a dis- 
tinct advancement in the art of 
power amplification. This tube 

bas even better characteristics than 
the 271 tube. i. e. the plate resistance 
is approximately I.S00 ohms at a plate 
potential of 450 volts as against a 
plate resistance of 2.000 ohms in the 
271 at 180 volts and 5,000 ohms in the 
310 tube at 425 volts. Due to this low 
plate resistance the amplification 

Brown 

factor is only :3.5 nS against an ampli- 
fication factor of S in the 310 tube. 
The available putter output, however. 
is close tu four times that of the 310 
tube. The important consideration, 
though. is the fact that this tube pro- 
vides the excellent low frequency re- 
sponse obtainable from a 271, due to 
the low- plate resistance, plus a much 
greater lower output. 

It was immediately realized that this 
tube offered an entirely new degree of 

reproduction. I'41nsidering the tre- 
mendous available output it would ap- 
pear that a single 350 tube would fill 
all requirements. However. it must be 
remembered that irrespective of the 
power handling capacity of the output 
tube it is not possible to reduce ap- 
preciably the harmonic distortion cre- 
ated partly in the detector tube of the 
radio receiver and partly in the first 
stage of audio frequency amplification. 
ttitl out employing push -pull amplifica- 
tion. Since it was desired to obtain 
the liest possible reproduction it was 
decided that a push -pull amplifier. 
using two of the 350 tubes. should be 
used. It will be evident later that the 
use of two of these tubes does not in- 
crease the total cost of the amplifier 
to any great extent. 
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The completed Samson 350 Push -Pull Amplifier. This is a self -contained unit, supplying its own power. Note the large filter chokes. 

Automatic Grid Bias Control 
By means of pruner autoamtb grid 

bias control it is possible to obtain 
sufficient current at 4311 volts plate 
potential for the operation of two it 
tunes, from a single :151 half -wave rec- 
tifier. Under normal operating. condi- 
tions the combined plate current does 
not exceed 85 to 95 mils. depending. as 
the uniformity of the 330 tubes. It is 
advisable to purchase matched tithes. 
that is. tubes drawing the same amount 
of plate current and to this end pick 
tubes drawing 40 to 43 mils. Soave 
of these tubes draw over 53 mils. It 
will be noted front the circuit diagram 
that there is no shunt resistance net - 

work and that the effective output im- 
pedantr of the two 330 tubes in pasli- 
pull is the only hail introduced across 
the output of the filter. An*" variation 
in the circuit is autocratically taken 
care of by the grid bias resistor. If the 
plate voltage should increaso. repro. 
lacing a hypothetical increase in plate 
current. the negative biais .nt the grids 
of the 350 tubes is Iiketwisi increased. 
and vice versa. This accounts for the 
good regulation. 

Can Be Attached to Any Set 
It is necessary to use two stages of 

audio frequency amplification in front 
of this amplifier in order to get the 
desired volume. Consequently it can 
be attached to the output of any re- 
ceiving set without making any 
changes other than replacing the power 
tube in the output of the receiver (if 
one is used) with a 212. 212 -A. or 301 -A 
and slightly reducing the plate voltage 
and grid bins. Likewise, It can be 
used in connection with an electric 
pickup for the reproduction of phono- 
graph music. It will be noted from 
the accompanying illustration that 

thorn are only four binding posts. ta-o, 
marked "Input." which cuunect 
directly to the output of the radio re- 
ceiver or two stage amplifier, as the 
ease nuty he. and tutu. marked -out- 
put." to which the loudspeaker is con- 
nected. An amplifier of this sort can 
be connected up to any set. plugged 
into the light socket and placed into 
operation in a few minutes. 

Special Chokes Used 
Since the total plate current drawn 

by the 3.50 tubes is in excess of that 
which should be carried by the usual 
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filter chokes supplied with 271 and 
310 push -pull amplifiers, it is neces- 
sary to use chokes of a much larger 
current -carrying capacity so that the 
inductance will remain at the stated 
value. The chokes used will maintain 
an inductance of 30 henrys up to 120 
mils. which is considerably innre than 
the two 350 tubes draw. The output 
push -pull transformer is also of special 
design. The filter condensers have ap- 
proximately the same voltage ratings 
as the condensers employed in any 
amplifier using a plate potential of 
4 :0 volts. 

It will be noted that in the circuit 
diagram a small filament switch S 
is shown in one of the main filament 
leads supplying the current to the two 
330 tubes. This switch is a necessary 
addition. The 350 tubes should not be 
turned on until the filament of the 
381 reaches the point of full emission. 
Otherwise, the 381 tube may flash over. 

In using this amplifier be sure that 
it is placed where all three tubes have 
good ventilation, as considerable 
energy is dissipated in the form of 
heat :und it is important, as it is in 
every power amplifier. to provide good 
ventilation that the heat may be drawn 
off. It is also suggested that the am- 
plifier should not be left on for any 
great length of tinte without signals 
passing through it. The plates of the 
350 tubes will heat up under titis con- 
dition as all of the energy is dissi- 
pated iu the tube, while on the other 
hand when a signal is passing through 
the amplifier a large portion of the 
energy is dissipated in the loud -speaker 
instead and the tubes will run com- 
paratively cool. 

If the full output of the amplifier is 
to be used. employ a power speaker 

TI 

Schematic- diagram of the 350 push -pull amplifier. Switch S Is turn on the two 350 tubes after the 381 rectifier has reached the full emission. R is the grid bias resistor. 
used to 

point of 
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or two or more standard speakers con- 
nected in parallel. 

LIST OF PARTS REQUIRED 
T- Samson Type Y Input Push -Pull 

Transformer. TI- Samson Type 0 -4 Output Push -Pull 
Transformer. (Special.) 

T2 Saunson No. 1112 Power Trans- 
former. 

11, 12- Samson No. 312 Filter Chokes 
(30 Henry, 120 Mil.). R- Hardwick -Field Type SE -8 Grid Bias 
Resistor (840 ohms, lOn watts I. 

C -Igrad 4 Mfd., Sou Volt. grid Bias 
Condenser. 

Cl -Igrad 4 Mfd., 1.1)110 Volt, Filter 
Condenser. 

C2 -Igrad 2 Mfd., 1,000 Volt, Filter 
Condenser. 

C3 -Igrad 2 Mfd., 2,000 Volt, Filter 
Condenser. 

S- Filament Switeh. 
V. VI- -Cunningham CX -350 Super - 

I'ower 'Pubes. 
V2- Cunningham CX -381 Half -wave 

Rectifier Tube. 
:t -Eby UX Type Tube Sockets. 
2-Eby -Input" Binding Posts. 
2-Eby "Output" Binding Posts. 
1 -Roll Acme Celatsite Hookup wire. 
2-- Binding Post Strips and Bracket'. 
1- Wood Baseboard, 12" x 20" x 
4--- Itubber Feet for Baseboard. 
Miscellaneous screws, bolts, etc. 

A Screen Grid Power Amplifier 
UP to the tvritiug of this ar- 
ticle the screen grid tube 
bas been applied almost ex- 
clusively to the radio fre- 

quency side of the receiver. The am- 
plifier described here. however, applies 
the screen grid tube in the audio 
end. thus making it possible to secure 
one stage of amplification which pro- 
duces more kick than two, or even 
three. ordinary stages. This is ac- 
complished with no more chance for 
trouble than in a single stage using 
any of the older types of tulles. Now 
it is easily possible to take a mere 
whisper from the detector and step 
it up to a point that gives the power 
tube all it can handle in the way of 
signal voltage. 

The chief line of attack heretofore 
has been in the use of more tubes and 
still more tubes in those parts of the 
receiver ahead of the output. We need 
not go into the difficulties attending 
that method other than to recall the 
fact that every added stage of ampli- 
fication brings with it many more 
chances for distortion in the final 
circuit. 

The full ability of the new method 
will not be appreciated on local and 
nearby stations because they provide 
enough strength for all the volume one 

> 
O< 

r 

wishes with any type of amplifier. 
But the first "DX" signal will be a 
revelation. Without pushing the 
radio amplifier anywhere near the 
point that means a local and without 

The completed screen grid 
power amplifier. 
The power 
equipment i s 
mounted on the 
right hand sec- 
tion of the sub- 
base. The 
chokes, forming 
the dual im- 
pedance coup- 
ling units, are 
mounted on the 
extreme I e f t 
and rear left of 

the sub -base. 
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pleasure in the listening and not only 
in the thrill of knowing the station is 
far away. 

The unit includes a complete two - 
stage audio amplifier, of the dual im- 
pedance type, and a complete plate 
power unit or B- supply unit. It may 
be used in connection with any radio 
frequency amplifier containing at least 
at detector and usually one or more 
radio frequency amplifying tubes. The 
only other part required is either an 
.\ -power unit. a storage battery or a 

>et of dry cells for filament supply. 
The input for the power amplifier is 

taken from the detector tube of the 
radio frequency amplifier through a 
single wire. )'late current or B -power 
for the radio frequency tubes and for 
the detector tube is furnished front the 
new unit, doing array with the treed 
of any separate li -power supply or B- 
batteries. Grill hiuses are obtained 

taking any chance of an overloaded 
detector, it will be possible to listen to 
both speech and music with a clarity. 
tune quality and volume that give 

r 
1I MF. 10,000 OHMS 

5000 OHMS - _ 

-15 

500.000, 
OHMS 

OHMS 
.25 Mr 

.25 
MF. 

ó 
INPUT 

222 

AUTOFORMERS 

171 

R-76 

SPEAKER 
COUPLER 

Schematic diagram of the screen grid power amplifier. It will be noted 
that provision is made for supplying the "B" voltage for the receiver as 
well. The switch in the positive 'A" circuit turns on and off the filament 

current to both the receiver and amplifier tubes. 

through connections within the power 
amplifier so that no C- batteries are 
needed. There are three tubes; one 
the screen grid "voltage amplifier," an- 
other the power tube feeding the 
speaker and the third the rectifier tube 
for the plate power supply. 

The secret of combining volume with 
tone quality at the output or speaker 
when working on an exceedingly weak 
signal is found in the novel method of 
impedance dance coupling used between de- 
tector and screen grid tube and again 
between this hitter tube and the power 
tube. 

Grid Biases 

The required 40 -volt negative bias 
for the Hover tube is secured by the 
voltage drop across the 2.000 ohm fixed 
resistance connected to the center tap 
of the power tube filament winding on 
the power compact. 

The screen grid tube is given a 1.4 
volt negative bias on its control grid 
by using the voltage drop across the 
la -ohm resistance in this tulle's nega- 
tive filament line. This bias handles 
without clanger of distortion the great- 
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0 

`y 

o 
INPU T 

AUTOFORMERS - - - - -- 
.25 M- 
i 

500.000 
OHMS 

A 

o 
A+ 

Q 171 

SPEAKER 
COUPLER 

R-76 

2000 
OHMS 

L.S. 

C 

CIIIIIIIIIC IIIIIIIIIU 

10 OHMS 15 OHMS 

SW. 

GND A- 

H C H 

5000' 
OHMS. 

VARIABLE R -171 
POWER COMPACT 

A+ B+ 90 V. 

e 

2 

2 

CONDENSER 
BLOCK 

Layout of parts and circuit wiring in the screen grid power amplifier. Note that the negative bias for the control grid of the screen grid tube is obtained from the drop in voltage across the split filament resistance. 

est possible voltage which may be re- 
ceived from the detector. 

Any grid biases for the detector and 
for the radio frequency tubes. are. of 
course. cared for in the radio fre- 
quency amplifier. 

Volume Control 
Control of volume in the audio am- 

plifier is provided by a 500,001 ohm 
variable resistance mounted on the 
front panel. This unit is connected be- 
tween the control grid of the screen 
grid tube and that tube's filament 
circuit. 

This volume control has no effect 
whatever on the radio frequency am- 
plifier and any control originally pro- 
vided on that part of the receiver may 
be used as before. 

Filament Supply 
The filament of the power tube is 

heated by alternating current taken 
from a special winding in the power 
compact. The filament of the screen 
grid tube may be operated either from 
an A -power trait, from a storage hat - 
tery or from dry cells. whichever may 
be convenient or originally used for 
the radio frequency portion of the re- 
ceiver. The diagram shows the fila- 
ment resistances arranged for operation 
on a 6 -volt A -power unit or on a 6 -volt 
storage battery. 

Since the screen grid tube's filament 
takes only 3.3 volts and 0.132 ampere 
for normal operation, it may be 
handled easily with dry cells. Should 
dry cells be used, the only changes 
necessary from the arrangement in the 
diagram are to omit the 15 -ohm fila- 
ment resistance entirely and connect 
the grid return for this tube directly 
to the battery end of the remaining 
10 -ohm resistor. This grid return con- 
nection is the one made to a point be- 

tween the 15 -ohm and the 10 -ohm re- 
sistances in the diagram. For dry cell 
operation this line is connected to the 
remaining 10 -ohm resistance at the end 
farthest from the tube filament and 
nearest the binding post. These 
elaamges will provide the correct fila- 
ment voltage and the correct grid bias 
with dry -cell operation. 

The Plate Power Device 
Building the plate power unit and 

the audio amplifier together has ninny 
advantages. Not the least of these 
is the elimination of eight external 
wires otherwise required between sepa- 
rate parts. This portion of the appa- 
ratus el msists of the Thordarson 
Power Compact. the Tobe filter and 
bypass condensers. the Electrad re- 
sistors for voltage control and the rec- 
tifier tube. 

The power compact contains within 
its housing a transformer having one 
secondary winding for the plate sup- 
ply and a separate secondary for the 
filament of the power tube. Within 
the sanie housing are the two filter 
chokes and also the two buffer con- 
densers required for the rectifier tube. 

The Tobe B -block contains within a 
single case the three filter condensers 
and two bypass condensers. The by- 
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pass condensers are of one microfarad 
capacity each. The first two filter con- 
densers are of two microfarads capac- 
ity each and the last one, connected 
to the output of the device, is of eight 
microfarad size. This large capacity 
connected directly to the plate circuit 
of the power tube provides a reservoir 
of energy more than ample to meet 
the demand for great volume on the 
lower notes in the musical scale. 

The enclosing of several units in the 
power compact and several more in 
the B -block makes assembly and wiring 
of this part of the unit quite simple 
and easy. There is a third bypass 
condenser of one microfarad capacity 
carried under the base. 

Four different voltages are supplied 
to the various plate circuits. The 
highest voltage. that for the power 
tube, is taken directly from a terminal 
at the top of the power compact. From 
this point connection Is made to the 
Electrad 20,000 -ohm fixed resistance. 
A movable tap on this resistance takes 
off 135 volts which feeds the plate of 
the screen grid tube. From the other 
end of this 20,000 -ohm unit is taken 
the 90 -volt line for the plate circuits 
of the radio frequency amplifier. On 
the front panel is mounted the Truvolt 
variable resistance. from the movable 
arm of which is taken the 45 -volt line 
for the plate circuit of the detector 
and for the screen of the screen grid 
tube. 

The movable tap of the 20,000 -ohm 
resistance is set once for all nt the 
desired voltage. The arm of the Tru- 
volt is moved by means of its knob to 
obtain the best tone quality and 
volume. 

LIST OF PARTS REQUIRED 
4- Thordarson Type R -190 Autoformers. 1- Thordarson Type R-76 Speaker Coup- 

ling Tranformer. 
1- Thordarson Type R -171 Power Compact. 
1 -Tobe Tyne It -171 B- block. 
1 -Tobe 1 Mfd. Filter Condenser (300 -volt). 2-Tobe y, Mfd. Bypass Condensers (coup- 

ling condensers). 
1- Electrad Truvolt T -50, 5,000 Ohm Vari- 

able Resistance. 1- Electrad Type E. 500.000 Ohm, Royalty 
Variable High Resistance. 1- Electrad B -100, 10,000 Ohm Fixed Re- 
sistance. 

1- Electrad B 20, 2.000 Ohm Fixed Re- 
sistance. 

9 -X -I, Push Posts, Bakelite type (2 A -. 
2 
and 

A+, , InSpe 
Speaker, 1 B+ 90, 1 Ground, 

1- Taxley No. 10 Battery Switch. 3- Benjamin No. 9040 Spring Sockets. 
1 -- Carter 10 -Ohm Filament Resistor. 1- Carter 15-Ohm Filament Resistor. 
l -Base Panel, 0%^ x 12 ". 
1 -Front Panel, 7" x 12 ". 2-Base mounting brackets. 1 inch high. 

Necessary Screws, wire and Solder. 

The Ambassador 
By John B. 

TIIE receiver whose construction 
is quite evident from the 
several sketches and circuit 
diagrams shown. consists of 

six tubes, two being used in a spe- 
cially designed radio frequency ampli- 

DeLuxe Receiver 
Brennan, Jr. 

fier, one as a detector, one as a first 
stage audio frequency amplifier and 
two in a final push -pull audio ampli- 
fier stage. 

The receiver employs as a founda- 
tion the well -known Ambassador cir- 

www.americanradiohistory.com

www.americanradiohistory.com


Radio Engineering, April, 1928 

cuit. It will be noted from the cir- 
cuit diagram that the extra tube em- 
ployed in the R.F. circuit has its fila- 
ment and grid paralleled to the fila- 
ment and grid of the regular R.F. 
tube. Its plate, however, is coupled 
to the grid coil by means of a tickler. 
The filament circuit of the additional 
tube is controlled by a separate fila- 
ment switch. 

By connecting the additional tube 
as shown, regeneration of signals 
from distant stations is accomplished. 
The inclusion of the extra tube in the 
R.F. circuit in no way adversely af- 
fects the regular R.F. amplifier ex- 
cepting when regeneration is so far 
advanced as to cause oscillation. In 
this condition, as is the case with 
other receivers employing regenera- 
tion, reception is not satisfactory. The 
secret of successful operation is to 
advance the regeneration control only 
enough to obtain satisfactory results. 
The regular R.F. tube and its asso- 
ciated circuits are stabilized by the 
use of a Phasatrol. Both tuning cir- 
cuits, that is the R.F. and detector, 
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- FIG. f - 
LOUD 

SPEAKER 

V5 

E 

FIL. 
SW. 

N9.2 FIL. SW. 
N9.I 

CONNECTOR 
ABLE -A -8 +A 

AND PLUG +C 

imommonwilme 

+B +B R.F. +B POWER -C -C POWER 
DET & A.F A.F 1£. A.F. A.F. 

Schematic diagram of the Ambassador DeLuxe Receiver. Dual regeneration 
is employed, the first regenerative tube being paralleled with the R.F. tube. 

A push -pull audio amplifier is also used. 

are entirely housed in aluminum 
shield cans. 

Two CeCo type S tubes are used in 
the R.F. stage, a type H in the detec- 
tor, an AX in the first audio and in 
the final or push -pull stage may be 
used the type F. J -71 or L -10. If an 
adequate voltage supply is available 
it is recommended that the L -10 be 

C6 

11- 

20' íV5 RS V4 

Connector,' 
Cable 

and Plug 

VI.- 

.Panel 

Constructional plan of the Ambassador DeLuxe Receiver. The symbols 
correspond to those given in the list of parts. Note that there are two 

filament switches. F.S. No. 2 controls the parallel regenerator tube. 

The "All-Wave Electric 9" Power 
Unit 

By R. E. Lacault 
TIIE Power Unit for the "All - 
\ \,ave Electric 9" receiver which 
was described in the March 
issue of RADIO ENGINEERING, 

was designed specifically to meet the 
requirements of this eight -tube super- 
heterodyne. 

As will be seen from the schematic 
diagram the power unit consists of an 
A -B -C eliminator and a 210 push -pull 
amplifier. The first stage of trans- 
former coupled audio frequency am- 
plification is included in the receiver 
proper. 

The power transformer Ti, in the 
power unit provides the necessary B 
voltages for the plates of the two 210 
power tubes as well as the A.C. tubes 
in the receiver. There are two sepa- 

BAMP. 

óDET. 

B C4 
CS 

B- 

C- 

fT4V. 

C-9v. 

3V 

used as it will result in the produc- 
tion of tone quality difficult to equal 
even in the higher priced manufac- 
tured receivers. 

LIST OF PARTS REQUIRED 
CI, C2- Hammarlund Midline Condensers, . 

.0005 Mfd. C3- Tinytobe Condenser, .001 Mfd. 
C4- Tinytobe Condenser, .00025 Mfd. 
C5 -Tobe By -pass Condenser, 1 MM. 
Ti. T2- Ambassador Three Circuit Tuner 

Coils. T3- Samson Symphonic Audio Transformer. T4- Samson Input Transformer, Type Y. Ll- Samson Radio Frequency Choke Coil, 
No. 85. L2- Samson Output Audio Frequency Unit. 
Type Z. Ri- Electrad Royalty Potentiometer, 10,000 
Ohms. 

R2, 113, R4, R5,- Amperites, Type 1A. 
R0, R7- Amperites, Type 112. 
118- Durham Grid Leak, 5 Megohms, P- Electrad Phasatrol. 
V1, V"- --Cern Type K R.F. Tubes. 
V3 -Ceco Type H. Detector Tube. 
V4 -Ceco Type AX. Audio Amplifier Tube. 
V5. VO -Ceco Type J -71 Power Amplifier 

Tubes. 
One Panel 7" x 21 ". 
One Baseboard 10" x 20 ". 
Two National Dials, Type B. 
One Durham Grid Leak Mounting. 
Two Yaxler Filament Switches, with Pilot 

Light, Type 210. 
One Yaxley Cable Connector and Plug, 

Tyne 669. 
Two Hammarlund Box Shields, Type As -1. 
Three Boxes Corwico Bratdite. 
Six Benjamin Sockets. 
Two K -K 1%-inch Knobs. 
One Corbett Cabinet for Panel 7" x 21 ". 

I -./ :IL,:GNllnu!urdaarl 

Schematic diagram of the combined 
"A,B,C" power unit and 210 
push -pull amplifier designed for the 
"All -Wave Electric 9" receiver 
described in the March issue of 
Radio Engineering. Two half -wave 
rectifier tubes, connected in a full - 
wave circuit. are employed for 
supplying the "B" and "C" 

voltages. 

L2 

11;1! 
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rate filament windings on this trans- 
former for supplying filament current 
to the two power tubes. V1 and V2. 
and the two half -wave rectifier tubes 
V3 and V4. 

The filter of the power unit is com- 
posed of the two chokes L1 and L2 
and the three condensers Cl, C2 and 

Top view of the 
completed "A- 
B-C' power 
unit and push- pull amplifier 
for the "All- 
Wave Electric 
9" receiver. The 
transformer T:: 
supplies t h e 
filament C u r - 
rent for the 
A.C. tubes in 
the set. Tubes V V, V:, and 
V, receive their 
filament current 
f ro m special 
windlnas in the power trans- 

former T,. 

C3. The shunt resistance network. re- 
sistors Rl to 1t7. provide the correct 
11 and C voltages for the receiver. The 
filament voltage for the A.C. tubes in 
the receiver is supplied by the filament 
transformer T3. 

It will be noted that the push -pull 
amplifier unit employs an input push- 
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pull transformer T2 and a push -pull 
output impedance L3. Since the out- 
put impedance has a center tap it is 
not necessary to use the usual blocking 
condenser associated with the common 
forum of impedance filter. 

LIST OF PARTS REQUIRED 
T1- Thordarson 210 Full -Wave Power 

Transformer. 
T2-Thordarson Push -Pull Audio Trans- 

former. 
T3- Transformer Corporation of America 

3 Volt Filament Transformer. 
Lt, L2- Thordnrson Audio Choke Unit. 
L3- Thordarson Center- Tapped Audio 

Choke Coil. 
Cl, C2, C3 -Acme Parvoit 2 Mfd., 1,000 

Volt. Filter Condensers. 
1(1- Electrad 4,000 Ohm, 50 Watt, Wire 

Wound Fixed Resistor. R2- Electrad 750 Ohm, 25 Watt, Wire 
Wound Fixed Resistor. 

R3, 114- Electrad 10,000 Ohm Wire 
Wound Variable Resistors. 

125 -Yaxley 60 Ohm Rheostat. 
Ito, R7- Electrad 500 Ohm Wire Wound 

Resistors. 
t'4. 7 -Acme Parvolt 1 Mfd., 400 Volt 

Fixed Condensers. 
VI, V2 -Ceco L-10 Power Tubes. 
V3, V4 -Ceco It -31 Half -Wave Rectifier 

Tubes. 4- Benjamin ITX Type Tube Sockets. 
12 -Eby Binding Posts. 1- Formica Front Panel, 7" x 12" x 

3/16 ". 
1 -Wood Sub -Base Panel, 15" x 12" x 

Heiden Insulated Hookup Wire. 
M -110 -Volt Standard Porcelain Recep- 

tacle. 

Testing and Adjusting Piezo Oscillators 
Bl order of the Federal Radio 

Commission broadcast stations 
are required to maintain their 
frequency within 500 cycles 

lo.. -, I ;iloeyele) of their assigned value. 
To maintain this accuracy of adjust- 
ment it is necessary to have special 
apparatus for checking the frequency 
of the transmitting set. The only satis- 
factory devices :it present available for 
this are piezo oscillators. piezo reso- 
nators, and automatic piezo control. 
A piezo oscillator using a quartz plate 
is a very satisfactory device and can 
be purchased commercially. Specifi- 
cations for a portable piezo oscillator 
are given in Bureau of Standards Let- 
ter Circular No. lsd. The piezo oscil- 
lator described in these specifications 
does not provide for maintaining the 
quartz plate at constant temperature, 
which is desirable for the highest 
accuracy. These specifications do not 
include directions for cutting and 
grinding the quartz plate. A suitable 
plate can be obtained commercially. 
Letter Circular No. 223 describes the 
use of piezo oscillators in radio broad- 
casting stations. (Copies of these let- 
ter circulars may he obtained by per- 
sons having actual use for them by ad- 
dressing the Bureau of Standards, 
Washington, 71.C.) 

When a pic-ru oscillator used as a 
standard to aid in maintaining the fre- 
quency of a station is tested by the 
Bureau of Standards, there are certain 
conditions which must be fulfilled. The 
bureau will undertake a test of a piezo 
oscillator only upon written request of 
the owner or operator of the transmit- 
ting station in which the piezo oscil- 
lator is to be used. This request must 
contain the following Information: 
(a) Naine of the owner of the station 
where the piezo oscillator is to be used. 
(b) location and call letters of the sta- 
tion, (e) licensed frequency of the sta- 
tion, (d) type of piezo oscillator and 
quartz plate used. 

There is just at present an excep- 
tional demand for radio tests of this 
kind which is greatly in excess of the 
capacity of the bureau for immediate 
service. For this reason it has been 
necessary to schedule pending tests and 
to notify each applicant for test of the 
approximate date the test will be made. 
Tests already scheduled will require 
about two months to complete. Every 
effort is being made to give much 
quicker service. consistent with ac- 
curacy. after that time. 

Assignment of a date for test will be 
made only upon receipt of the written 
request from the owner or operator of 

the station giving the required infor- 
mation. The apparatus may be shipped 
at the time the test is requested or 
later in time to reach the bureau a few 
days before the assigned date. The 
test requires not less than two days to 
complete. It is necessary that the en- 
tire piezo oscillator except tubes and 
batteries be sent to the bureau. The 
type of tubes and the voltage should 
be specified in the letter requesting 
t ests. 

The quartz plate must have a fre- 
quency not more than 1 per cent be- 
low the licensed frequency. If it has a 
frequency higher than the licensed fre- 
quency, it can not be adjusted by 
grinding. The fee for adjustment of 
quartz plates with mechanical means 
for adjustment is $12. The fee for 
quartz plates which are not provided 
with a mechanical means for adjust- 
ment and which must, therefore, be 
adjusted by grinding is $20. In case 
it is desired to maintain the quartz 
plate at a constant- controlled tempera- 
ture higher than room temperature. 
the work involved in the test is 
much greater. The fees for such tests 
are $25 and $50, depending on the type 
of adjustment required. 
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Automatic Electric Co. Enters 
Condenser Field 

The Automatic Electric Company. 
Inc., of Chicago. III.. long known as 
manufacturers of automatic telephone 
equipment. are now producing filter 
condensers Covering n wide range of 
capacities and voltage ratings. for use 
with radio equipment. 

The Automatic Electric Company has 
been manufacturing condensers for 

telephone equipment for the last forty 
years. 

Dongan Electric Mfg. Company 
Absorbs Electrical Specialties 

Co. 
Much interest is attached to the 

latest move of one of the radio indus- 
try's largest parts manufacturers. The 
Dongan Electric Mfg. Company. of 
Detroit, who has just purchased the 
business and equipment of the I.]Iectri- 
cal Specialties Company. Inc.. manu- 
facturers of fixed condensers. 

Dongan is one of the few parts 
manufacturers who lias persisted in 
limiting its activities to the production 
of parts alone. Since the advent of 
commercial radio. Dongan has designed 
and built all types of transformers. 
chiefly for set manufacturers. Many 
of the recent developments in At' 
transformer design originated in the 
Dongan laboratory. 

C. Sam Swanson. Sales Manager. 
advises that Mr. C. Ringwald, former 
President of the Electrical Specialties 
Company, Inc., joins the Dongan 
ranks as Sales Engineer, in charge of 
condenser sales and engineering. Mr. 
Ringwald has had a most interesting 
career in his field dating back as fay 
as 1908, when he was an engineer with 
Robins & Myers Company. After a 
number of years with this company. he 
continued his activities in electrical 
engineering as Consulting Engineer. 
In this capacity he did important work 
for such nationally known companies 
as the Remy Electric Company, Owen 
Dyneto Company. Paige- Detroit Com- 
pany, Sur -flit Prodnets Corporation. 
R. B. M. \hunifacturing Company and 
the Brown -Caine Company. 

Long recognized as a condenser en- 
gineer, Mr. Ringwald in 1926 organ- 
ized Electrical Specialties Company. 
Inc., of South Bend. Indiana. IIis 
success was almost instantaneous. and 
it rapidly became one of the important 
factors in the fixed condenser field. 

Dongan plans to continue. as in the 

past, its policy of serving the manu- 
facturer, and will expand its engineer- 
ing department and laboratories to 
keep pace with this new addition to 
the transformer business. 

Added space is being provided to 
the present Dongan plant for the in- 
stallation of the machinery and equip- 
ment of the Electrical Specialties 
t'ompany. Inc. 

H. R. Fletcher Joins Racon 
Electric Co. 

l larold R. Fletcher. nationally known 
radio merchandising authority and 
pioneer. has joined the staff of the 
Racon Electric Co., Inc., of New York. 

H. R. Fletcher 

as general sales manager. according to 
an auuouuceatoat made by A. I. Abra- 
hams. Vice -President of the concern. 
The new Racon official will shortly 
leans 011 an extended sales trip 
throughout the country in the interests 
of the special line of horns and loud- 
speakers manufactured under the 
Racon trade mark. 

Mr. Fletcher brings to the new posi- 
tion a wealth of experience in radio 
fields, having at various times been 
associated with the Apeo Manufactur- 
ing Co.. Algonquin Electric Corpora- 
tion. and other radio interests. Ile is 
a prominent member of the Radio 
Manufacturers Association and is 
actively identified with a number of 
its more important committees. 

Mohawk and All -American 
Combine 

Official announcemnt is made of the 
consolidation of two nationally known 
manufacturers of radio. The consol- 
idation has been accomplished through 
a merger of the All -American Radio 
Corporation and the Mohawk Corpora- 
tion of Illinois, both of Chicago. The 
two Companies are licensees of the 
Radio Corporation of America, West- 
inghouse Electric 'Manufacturing Com- 
pany, General Electric Company and 
the American Telegraph and Telephone 
Company. In addition the Mohawk 
Corporation holds several valuable 
patents. 

The newly formed Company is to be 
known :ts the All -American Mohawk 
Corporation, with factories and general 
offices located at 4201 Belmont Ave- 
nue. Chicago. 

Timmons Speaker Company 
Bought by Philco 

Confirming rumors that have been 
prevalent in the industry for some 
time, is the announcement by Philco 
that the Timmons Radio Products 
Corporation of Germantown. Penna.. 
has been absorbed by the Philadelphia 
Storage Battery Company. 

This is ill keeping with the age of 
mergers. as for the past few years 
banking institutions. railroads. public 
Willies and big business in general 
have realized the economic value of 
mergers, as it results in better pro- 
duction methods. better distribution 
and more productive selling. 

While the Timmons Corporation will 
manufacture a new type of speaker 
which will be marketed under the 
Philco name, and which will he of an 
especially exclusive design for Philco, 
it will at the saine time retain its own 
identity as a Division of Philco and 
will continue to manufacture and sell 
the Timmons Cone Speaker through 
jobbers and dealers as in the past. It 
will also build speakers for manufac- 
turers of radio sets and cabinets. 

The officers of the Company are: 
John S. Timmons. President; Sayre 
M. Rumsdell. Vice- President; John S. 

Thomas. Treasurer; Edward S. Pey- 
ton, Secretary. 

Chicago -Jefferson Fuse & 
Elec. Co. 

Announcement was recently made of 
the consolidation of the Jefferson Elec- 
tric Mfg. Co. and the Chicago Fuse 
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Mfg. Co., the new organization to be 
known as Chicago- Jefferson Fuse & 
Electric Co., with offices at Laflin and 
15th Streets, Chicago. 

Jefferson Electric is well known to 
the radio, electrical and automotive 
trades for its high -grade line of radio 
transformers, rejuvenators and testers, 
its bell -ringing, signal, toy, sign, 
furnace and control transformers, its 
automotive coils and testers, and gas 
engine coils. 

Chicago Fuse enjoys a vast follow- 
ing on its Union renewable and non -re- 
newable fuses, Gem Powerlets, and its 
complete line of Gem Switch and Out- 
let Boxes. 

The consolidation has many advan- 
tages to the trade: One reliable source 
of supply, greater facilities for helping 
to sell Chicago- Jefferson products, com- 
bined engineering experience, stand- 
ardization of policies -all of which 
permits the new company to serve the 
trade better. 

The following are officers of the new 
organization: President, J. A. Bennan, 
formerly President of Jefferson Elec- 
tric Mfg. Co.; Vice- President, A. R. 
Johnson, formerly Secretary of Jeffer- 
son Electric Mfg. Co.; Vice- President, 
A. E. Tregenza, formerly Vice- Presi- 
dent of Chicago Fuse Mfg. Co.; Treas- 
urer, J. C. Daley, formerly Treasurer 
of Jefferson Electric Mfg. Co. 

W. L. Woolf Brings Together 
the Baldwin and Amplion 

Companies 
A trade deal of unusual importance 

was concluded the early part of March 
when Leslie Laurence, Chairman of 
the Board of Directors of Graham 
Amplion, Ltd., London, England, 
visited the American branch of the 
company, The Amplion Corporation of 
America, New York. On this visit, 
Mr. Laurence arranged with J. W. and 
W. L. Woolf, well known in the trade 
as a result of their activities in the 
horn, unit and loud speaker business 
as factory representatives of Nathaniel 
Baldwin, Inc., to purchase a substan- 
tial interest in the American Amplion 
concern. 

The active management of the Am- 
plion company will be under the di- 
rection of W. L. Woolf. who has be- 
come Treasurer. A. W. Harris will 
remain as President. Ile has also 
taken a financial interest in the busi- 
ness and in addition to dealing with 
problems of general administration, 
will be in direct charge of engineering 
and development. P. M. Dreyfuss, 
General Sales Manager of the company 
for the past few months. has resigned 
that position to enter into the manu- 
facturers' representative business for 
himself. 

The Woolf organization, headed by 
J. W. Woolf, which has maintained its 
headquarters at 227 Fulton Street, 
New York, for many years. will con- 
tinue to represent the Baldwin inter- 
ests in New York. This representa- 

tion started in 1922 and is, to a great 
degree, responsible for the continued 
success that has favored the Baldwin 
products in the metropolitan area. 

Mr. Laurence was attracted by the 
exceptional record made by Mr. Woolf 
in his field. Mr. J. W. Woolf stated 
that he became interested in the 
Amplion organization, not only because 
Amplion had maintained an excellent 
name with the trade, but also because 
of some new developments in progress 
in the Amplion laboratories consist- 
ing of the Amplion Revelaphone, a 
phonograph pickup employing a cobalt 
steel magnet, a new dynamic unit for 
public address use, which embodies 
new features in design, and a new 
dynamic unit for popular use which 
involves a construction entirely new to 
the radio industry. 

Central Scientific Company to 
Market General Radio Instru- 

ments 
The General Radio Company, of 

Cambride, Mass.. manufacturers of 
electrical and radio laboratory equip- 
ment and precision measuring instru- 
ments, aside from the well -known GR 
line of radio parts, now announces a 
co- operative arrangement made with 
the Central Scientific Company, of 
Chicago, whereby the latter company 
will distribute GR laboratory and 
measuring instruments. Under this 
new .sales policy. the General Radio 
Company will no longer sell through 
general supply houses of laboratory 
equipment, but only through the Cen- 
tral Scientific Company with the excep- 
tion, of course. of sales made direct by 
the General Radio Company to its al- 
ready large clientele of industrial and 
college laboratories. 

The sales organization of the Central 
Scientific Company has exceptional 
contact with secondary schools and col- 
leges. The new sales plan will enable 
the General Radio Company to utilize 
this specialized selling organization, 
while at the same time the Central 
Scientific Company will avail itself of 
the General Radio factory and engi- 
neering staff in producing the neces- 
sary equipment for the market. 

The present sales policy is another 
ill the series of steps being taken by 
the General Radio Company to make 
available to educational institutions, 
as well as industrial laboratories, ap- 
paratus associated with the rapid 
progress being made in the fields of 
audio and radio frequency measure- 
ments. 

Zenith Secures "Automatic" 
Patents 

Commander E. F. McDonald. presi- 
dent of the Zenith Radio Corporation 
of Chicago, announced recently that 
the Zenith Radio Corporation has ac- 
quired complete control of the H. N. 
Marvin Automatic Radio patents and 
has also purchased the A. J. Vasselli 
Automatic Radio patents. 

Radio Engineering, April, 1928 

It is the intention of the Zenith 
Radio Corporation to license its com- 
petitors under its Automatic Radio 
patents. 

Newcombe -Hawley- Licensed 
Under Magnavox Patents 

A license agreement has been con- 
summated whereby Newcombe -IIawley, 
Inc., large manufacturers of exponen- 
tial horn type reproducers, will market 
a reproducer of the dynamic type- 
under Magnavox patents. In this con- 
nection, Newcombe-Hawley has se- 
cured the services of Mr. V. Ford 
Greaves. who has heel] engaged in the 
development of dynamic cone repro- 
ducers with the Magnavox Company 
for the past several years. 

Mr. Greaves has been active in. 
research work in acoustics since 1910. 
He conducted important radio activi- 
ties for the government during the 
war. and holds a Lieutenant -Com- 
mander's commission in the U. S. 
Naval Reserve. Since the war he has 
been associated with the Federal Tele- 
graph Company. and later with the 
Magnavox Company. 

Mr. Greaves' experience in pioneer 
development of the dynamic cone 
particularly fits him for his new duties 
with Newcombe -Hawley where he will 
be engaged in engineering sales service, 
solving the acoustical problems of 
Newcombe- llawlcr': n.lomers. 

Through their connection with the 
Wallace Clement Sabine Acoustic 
Laboratory at Riverbank Geneva. 
Illinois, and a group of scientists and 
engineers, Newcombe -Hawley are de- 
veloping many refinements in radio 
and phonograph reproducers of all 
types. They are bringing the benefits 
of their research work to the public in 
products manufactured in Geneva and 
St. Charles, Illinois. 

H. Bobker Joins Cable 
Supply Co. 

Mr. H. Bobker formerly connected 
with the Supertron Mfg. Co. has joined 
the forces of the Cable Supply Co., 
who manufacture radio tubes. trans- 
formers. condensers and neon tube 
signs. 

Bert Smith Joins Aero Products 
Mr. Bert E. Smith. formerly Adver- 

tising Manager of the Aerovox Wire- 
less Corporation. of Brooklyn. New 
York. has joined the Engineering Staff 
of Aeri, Products. Inc.. of Chicago. Ill. 

Correction 
In the article entitled "A Good 

B -Power Unit" appearing on page 43 
of the February issue of RADIO ENGI- 
NEEaING. mention was made of the new 
Raytheon R -9 full -wave rectifier tube. 
The type number of this tube is R -90. 
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R.C.A. 105 Super- Powerspeaker 
A floor model cabinet loudspeaker 

employing the new super -power atnpli- 
tier Radiotron UX -250 and two alter- 
nating current rectifier lünliolrons 
i-X -2S1 is announced by the Radio 
Coris' ration of America. With ample 

R.C.A. De Luxe Loudspeaker 105. 

rectified and filtered energy together 
with the latest super -power Radiotrun. 
the amplifier of Loudspeaker 105 will 
handle three tinges the load of the 104. 

A new cone of the electro- dynamic 
type. is employed in the Loudspeaker 
105. It is provided with corrugations 
and rendered moisture -proof, so as to 
eliminate "paper rattles" even at maxi- 
mum power, as well as distortion due 
to climatic conditions. 

In addition to supplying its own 
power requirements, Loudspeaker 105 
will furnish "B" voltages up to 90 
volts, as well as "C" potential. (or 135 
volts at 3 milliamperes), for the radio 
receiver with which it is employed. 
The new loudspeaker operates only on 
110 -volt, 50 -60 cycle alternating cur- 
rent. The wattage consumption is ap- 
proximately 140 watts. 

The mechanism is housed in an at- 
tractive two toned walnut cabinet 
measuring 41% Inches high, 23% 
inches wide and 16% Inches deep. 

Zierick Wire Stripper 
The F. It. 'Zierick Machine Works, 

of S Gowan! 'trot. New York City, 
have introduccti a vcry inge ' s form 

Zierick Wire Stripper. 

of wire stripper which performs two 
operations simultaneously. By insert- 
ing the end of an insulated wire 
through the bushing of the wire 
stripper, shown in the accompanying 
illustration, and pushing the lever the 
machine will clean off the insulation 
and twist the strands of wire in one 
piece. 

The nii ohiiio is portable. taking ap- 
proximately 7" x 12" of bench space 
and is practically noiseless except for 
a slight hum of the motor. It has an 
adjustable stop for gauging the length 
of insulation to be removed and will 
take wire up to t /_i ". in diameter. 

All of the working parts of the 
Zierick wire stripper are built -in thus 
eliminating danger of accidents. 

Weston Model 537 Set Tester 
The Weston Model 537 A.C. -D.C. 

Radio Set Tester is a complete outfit, 
most iugenionsly desi ned and fully 

Weston 537 Set Tester. 

adaptable to the testing requirements 
of every set made, whether operated 
by direct current from batteries or 

battery substitutes, or by alternating 
current from socket power. 

It will mensure the various currents 
and voltages employed anywhere in the 
set. including those at the tube sockets. 
All tests can be made by using the 
regular voltages normally supplied to 
the set by its batteries or socket power 
without the necessity of changing con- 
nections. Nor Is any auxiliary power 
required. 

The set is provided with two in- 
struments -an A.C. voltmeter and a 
D.C. volt- tnilliamtneter. An ingenious 
system of switches and binding posts 
provides for automatically connecting 
the instruments to the circuits being 
tested. The A.C. voltmeter has three 
ranges-150/8/4 volts -the lower 
ranges being required for measuring 
the filament voltages of A.C. tubes, 
and the highest range is provided for 
measuring the line voltage. The D.C. 
volt- milliamneter has four voltage 
ranges -0011. 3110. 60 and 3 volts and 
two current ranges -150 and 30 milli - 
amperes. All Voltage ranges have a 
resistance of 1000 ohms per volt. The 
set is furnished with the necessary 
socket adaptors and a complete in- 
s t met ion book. 

Manufactured by the Weston Elec- 
trical Instrument Corporation, New- 
ark. N. J. 

Rusco Band -Pass Filter 
The Rusco Sales Company, of 360 

East Grand Avenue. Chicago, Ill., have 
placed on the market a very efficient 

Rusco Band -Pass Filter. 

form of band -pass filter for use in con- 
nection with lung stave or intermediate 
frequency amplifiers as used in super- 
heterodyne receivers and special long 
wave circuits. The Rusco band -pass 
filter known as type 10KC consists of 
a network of inductance and capacity 
designed to pass a band of frequencies 
10 kilocycles wide. It is claimed that 
this new unit has a very low and uni- 
form impedance to all frequencies be- 
tween 90 and 100 kilocycles and an 
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extremely high impedance to all other 
frequencies. 

This band -pass filter has been de- 
signed to replace the usual form of 
tuned stage transformer and is used 
in connection with a regular I.F. am- 
plifier. This unit provides the desir- 
able selectivity without cutting the 
side -hand frequency. 

Rusco I.F. Transformers 
The Rusco Sales Company h:is also 

placed on the market an I.F. trans- 
former, known as Type 95K('. which 
call be used very effectively in eonnee- 

Rusco 95 KC, I.F. Transformer. 

tion with the ltusco Valid -l'ass filter. 
These I.F. tra itsforiners are perma- 
nently tuned to a frequency :11 .P ke. 
The transformer is of the air core type 
with a tuned secondary coil. 

R.C.A. "B " Eliminator 
The new B.C.A. "I:" eliminator. 

which will be kuivu as Model Al'- 
1080, is of rugged construction. and 
employs no acids or liquids to be r. 
deaished; it has no mechanical par!. 
or tubes to be replaced. The operat- 
ing mechanism is enclosed and sealed 

R.C.A. "B" Eliminator. 

in permanent steel containers. It is 
extremely compact, measuring 7% by 
10% by 6% inches high and will 
readily fit into the usual radio cabinet. 

The device draws only 22 watts 
under average load. The power output 
is ample for any type of receiver up 
to the eight -tube circuit with power 
tube. The maximum potential has 
been limited to 135 volts. 

A Bakelite Connector for Radio 
Speaker Cords 

The Belden Manufacturing Com- 
pany. 2300 South Western Avenue. 

Belden Speaker Cord Connector. 

Chicago. has developed as Intkelite con- 
nector for attaching extension cords 
to radio speaker cords. The connector 
receives the standard pin type speaker 
tips. The tips of both speaker and ex- 
tension cord are simply pushed into 
the connector. No tools are necessary. 

A unique feature is that the tips are 
complete]}- inside the Intkelite con- 
nector. No metal is exposed. 

National \- eruier Drum Dial 
The National Company. of Mulden. 

dass., are now marketing it very at- 
tractive vernier drum dial kuowu as 
the National Type F Velvet Vernier 
pnani Dial. 

National Velvet Vernier Drum Dial. 

'l'Iie dial proper has an engraved eel- 
scale running from 0 to 200° 

',hind which is mounted a small 6-volt 
light. The escutcheon plate is made of 
hammered silver and is attached to a 
metal frame which fits against the 
rear of the panel. Movement of the 
dial is controlled by a small hakelite 
knob. Instead of employing a series 
of gears or a friction arrangement. a 
series of metal pulleys carrying a flex- 
ible cord transmits the motion of the 
knob to the drum dial. This arrange- 
ment provides a very smooth and posi- 
tive action. 

Radio Engineering, April, 1928 

Belden Indoor Aerial Kit 
The Belden Manufacturing Company, 

2300 South Western Avenue, Chicago, 
has added an Indoor Aerial Kit to 
their complete line of radio accessor- 
ies. This new kit contains a seventy 
foot spool of Indoor Aerial Wire, a 
twenty -five foot coil of Belden 
Colorubber Ground Wire, and a ground 
clamp. 

The Indoor Aerial Wire consists of 
fine stranded copper wire inside a neat 
brown braid. The Indoor Aerial Wire 
is very flexible and can be readily run 
around a window frame. or over the 
molding. Its neutral brown color 

Belden Indoor Aerial Kit. 

uuak.., it easily concealed. The 
eolorubber (:round Wire is tinned cop- 
per, rubber insulated. A serve of cot- 
ton beneath the rubber makes it easily 
stripped for soldering. 

Belden Weatherproof Aerial 
Lead -in Strip 

A ntNV contribution to radio, by the 
Belden Manufacturing Company, 2300 
south Western Avenue. Chicago, is a 
rubber insulated aerial lead -in strip. 
The flat copper conductor is tinned. 

B e l d e n Weather -Proof 
Lead -in Strip. 

The flexible rubber insulation does not 
break at the sharp bends beneath the 
window. 

It is also moisture and weather 
proof. The Fuhnestock clips at both 
ends are soldered and riveted, assur- 
ing a positive contact of great strength. 

"LMC" Vitreous Enameled 
Resistors 

The Lautz Manufacturing Company, 
of 247 N. J. R. R. Ave., Newark, N. J., 
have gone into production on special 
type vitreous enameled resistors for 
the use in connection with radio equip- 
ment. These resistors can be obtained 
in practically any resistance value and 
wattage rating. 

It is claimed by the manufacturer 
that these resistors are constant in 
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in 30 days will announce 
the greatest line of 

quality all electric radio 
receivers that years of radio 

power leadership can produce, 
at the lowest prices ever 

placed on merchandise 
of this character. 

when you see them 
when you hear them 
when you price them 

You'll Know! 

GRIGSBY - GRUNOW -HINDS CO. 
4540 Armitage Ave. Chicago, Ill. 
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value, non -inductive and with a fairly 
low temperature coefficient. Since 
the element is thoroughly sealed with 
vitreous enamel the unit is non- hygro- 
scopic. It is also claimed that the 
enamel will not easily chip off due 
to the process of manufacture. 

CeCo L -50 Super -Power Tube 
A new power tube known as the 

"CeCo" L -50 and a tube which is 
capable of delivering more than three 
times as much undistorted energy as 
the "CeCo" L -10 is now ready for the 
market. 

The plate voltage recommended 
ranges from a minimum of 250 to 450 
volts, with a negative bias of 45 volts 
when the plate voltage is 250 and a 
negative bias of 84 volts when the 
plate voltage is 450. The voltage am- 
plification factor is 3.8. The filament 
requires 7.5 volts. 1.25 amperes. 

CeCo L -50 Su- 
per -Power Tube 

The L -50 is of the same size as the 
L -10 although it may ultimately be 
furnished with a larger size bulb. 
The base is the same as the L -10. The 
filament of the new power amplifier 
is of the oxide coated type, the wire 
being a development of the "CeCo" 
Engineering Department. This type 
of filament has great mechanical 
strength and a very long operating 
life. The plate of this tube is tall and 
narrow and has a slightly blackened 
color. 

When used in a transmitting circuit 
the L -50 is rated at 25 watts as 
against 7% watts of the L -10. As a 
power amplifier the maximum undis- 
torted output of the L -50 is 4,650 
milliwatts against 1540 milliwatts for 
the L -10. 

The average characteristics of the 
"CeCo" L -50 power amplifier are as 
follows: 

Plate Voltage 
Negative Grid Bias 
Plate Current 
Plate Resistance (A.0 ) 

Mutual Conductance 
Voltage Amplif. Factor 
Max. Undistorted Output. 

Filament 

CeCo RF -22 "Shielded Grid" 
Tube 

The C. E. Manufacturing Company, 
of 702 Eddy Street. Providence. R. I., 
have introduced a new "shielded grid" 

C e c o 
"Shielded 

Grid" Tube. 

tube designed especially for use as a 
high gain radio frequency amplifier or 
audio frequency amplifier. This tube 
has an amplification factor of approxi- 
mately 25 to 40 when used in a tuned 
R.F. circuit. The actual gain per stage 
is dependent on the type of coupling 
employed. When used in an audio 
amplifier of the resistance or imped- 
ance coupled type. the tube has a mu 
of approximately 60. 

The new RF -22 tube has a thoria ted 
filament requiring .132 ampere at 3.3 
volts. The recommended plate poten- 
tial is 135 volts with an attendant con- 
trol grid bias of negative 1 to 15 volts 
and a screen grid bias of positive 45 
volts. 

The screen grid connects to the 
prong of the tube which is ordinarily 
the grid terminal. The control grid 
has its terminal at the top of the tube 
in the form of a small metal cap. 

Radiali 622 Amperite 
The Radial! Company, 50 Franklin 

Street, New York City, have intro- 
duced a new Amperite or automatic 
filament control designed for the new 
222 type shield -grid tubes. This Am- 
perite automatically adjusts the volt- 
age to 3.3 volts at the filament termi- 
nals. It is designed to be used in 
series with a filament supply of six 
volts. 

Recommended Voltages 

250 300 350 400 
45 54 63 70 
28 35 45 55 

2100 2000 1900 .1800 
1800 1900 2000 2100 
3.8 3.8 3.8 3.8 
900 1500 2350 3250 

7.5 volts -1.25 Amps. 

Maximum 
450 Volts 

84 Volts 
55 Milliamps 

1800 Ohms 
2100 Micromhos 
3.8 

4650 Milliwatts 
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New Elkon Tapering Charger 
The Elkon Works, of Weehawken, 

N. J., long identified with the manu- 
facture of chargers have just an- 
nounced a new type of Trickle 
Charger, which, on account of the 
Elkon principle is called The Elkon 
Tapering Charger. 

The new charger works in much the 
same way as the usual trickle charger 
except that the charging rate is auto- 
matically increased or decreased ac- 
cording to the condition of the storage 
battery. 

Elkon Dry Tapering Charger. 

The rectifying unit is the patented 
solid dry Elkon Unit which supplies a 
charging rate of 1 ampere when the 
battery is empty. Another feature is 
that instead of employing the usual 
glass tube fuse which is so difficult to 
replace. they use a small piece of 2 
ampere fuse wire which is obtainable 
anywhere. 

Trimm Concerto Cone Speaker 
The Trimm Radio Manufacturing 

Company, of 847 West Harrison Street, 
Chicago, announce their new model 

Trimm Concerto Cone Speaker. 

Concerto Cone Speaker, with a cone 14" 
in diameter. 

The Concerto unit is built on the 
balanced armature principle with a 
forged chrome steel magnet. It is 

www.americanradiohistory.com

www.americanradiohistory.com


 

Radio Engineering, April, 1928 Page 57 

tlows 
Old AUÉ 

Amplifîe 

THORDARSON 171 TYPE 
POWER AMPLIFIER 

THORDARSON 210 TYPE 
POWER AMPLIFIER 

THORDARSON 210 PUSH -PULL 
POWER AMPLIFIER 

A Home Assembled 
Thordarson Power Amplifier 

Will Make Your Receiver 

A Real Musical Instrument 
MPROVEMENTS in the newer model receiv- 
ing sets are all centered around the audio ampli- 

fier. There is no reason, however, why you cannot 
bring your present receiver up to 1928 standards of 
tone quality by building your own Thordarson 
Power Amplifier. 

With a screw driver, a pair of pliers and a soldering 
iron you can build any Thordarson Power Ampli- 
fier in an evening's time in your own home. Com- 
plete, simple pictorial diagrams are furnished with 
every power transformer. 

The fact that Thordarson power trans- 
formers are used by such leading manu- 
facturers as Victor, Brunswick, Federal, 
Philco and Willard insures you of un- 
questionable quality and performance. 

Give your radio set a chance to reproduce real 
music. Build a Thordarson Power Amplifier. 

Write today for complete constructional booklets 
sent free on request. 

THORDARSON 
3íT4 

THORDARSON ELECTRIC MANUFACTURING CO 
7Yanslârmer Specialists Since 1895 

WORLDS OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS 
`? luron and Kingsbury Streets - Chicaoa111.ILSA. 
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stated that this speaker Is especially 
adaptable for operation with semi - 
power and power tubes and will handle 
the higher voltages and maximum am- 
plification without blasting or dis- 
tortion. 

The edge of the cone is fully pro- 
tected by a large metal rim and all of 
the metal parts are rust -proof. 

The unit is equipped with a handy 
handle and has a removable base and 
separate attachment so that the cone 
can be mounted on the wall if 
desirable. 

Grebe All- Electric Synchro- 
phase A.C. Six Receiver 

Arrangements for reception of either 
local or distant stations at the will of 
the listener: especially designed an- 
teuaa compensation Mail, enabling op- 
eration or receiver with any size of 

power unit ; mounting frame for sup - 
porting the receiver, and cabinet. 

Three stages of tuned radio fre- 
quency amplification, employing Bi- 
nocular, Litz, space wound, coils with 
ruggedly constructed straight -line fre- 
quency tuning condensers; Grebe tube 
isolation circuits in each R. F. stage; 
detector, with A.C. heater type of 
tube and two stages of audio frequency 
amplification, the latter stage; of 
which is a 171 -A power amplifier, 
form the main units in the receiver 
proper section. 

The chassis, on which all the com- 
ponent parts of the receiver proper 
are mounted. is constructed of heavy 
aluminum with four reinforcing ribs 
which add immeasurably to its 
rigidity. 

The mounting frame which supports 
the receiver proper. power unit, and 
cabinet is die -cast and of special Null- 

The new Grebe All- Electric Synchrophase A.C. Six Receiver. This set employs three tuned R.F. stages, has single tuning control and a special "Local- Distance" Switch. 

antenna and an input volume control 
ahead of the detector tube are n few 
of the unique radio developments in- 
herent in the new Synchrophase A.C. 
Six, single dial, all electric, six tube 
radio receiver announced by A. II. 
Grebe & Co., Inc., of New York City, 
N. Y., and Los Angeles. California. 

The "Local -Distance" switch is a 
factor which contributes toward mak- 
ing for a large amount of undistorted 
volume: incidentally. one of the fea- 
tures of the new set. This unit func- 
tions so as to make it possible to 
obtain on the "Local" position a wider 
frequency hand. thereby avoiding side - 
band cut -off of high frequencies, re- 
sulting in improved quality and 
greater undistorted output. When the 
new arrangement is set on the "Dis - 
tance" position, the over -all selectivity 
of the receiver becomes as high as can 
be permitted. 

The new Grebe receiver consists of 
four major units: The receiver proper, 

strue-tion. It is finished to match the 
cabinet. The mounting frame forms 
the base of the cabinet which fits over 
the set and attaches to the frame. 

Selected mahogany veneers are used 
in the body of the cabinet, while the 
front panel is of stump walnut, finished 
in artistic design. Two sections of 
the panel are cut out to allow for 
an oblong inlaid bronz -metal eo itru4 
board, at the lower portion of the 
panel. on which are mounted the tun- 
ing control, antenna compensator, 
volume control. "Local-Distance" 
switch and the nain "On and Off" 
switch, and a smaller space in the 
center of the panel near its top forms 
the second insertion in the panel 
through which the drum, graduated in 
kilocycles. may be viewed from the 
front. This drum is illuminated by a 
small six volt lamp. 

The familiar Grebe tangent wheel 
vernier is employed for all movable 
controls on the new receiver. 

Radio Engineering, April, 19223 

New Powertone Speaker Unit 
The Powertone Electric Company, of 

220 Fulton Street, New York City, have 
designed a new loud speaker unit 
which is superior to their old model. 
This unit is being manufactured under 
United States patents No. 1,550,794 
and No. 1,593,406. 

The unit, which is of the electro- 
magnetic type, has a direct drive and 
uses 4" horseshoe magnets, the poles 
of which terminate at the ends of the 
laminated pole pieces. 

The base of this unit is of molded 
aluminum. A 10 -foot silk cord is sup- 
plied with each unit. 

Stewart "A" Eliminator Kit 
The Stewart Battery Company, of 

119 No. Peoria Street, Chicago, IIL, 
have placed on the market an All -Dry 
"A" Eliminator kit designed for use 
in connection tvith the common 110 - 
volt, 50 to 6o cycle A.C. lighting line. 
This unit is composed of a special dry 
disc rectifier, a dry electrolytic filter 
condenser, a step -down transformer 
and two large filter chokes. The whole 
unit when assembled takes up a very 
small amount of space and can be 
fitted without difficulty in the battery 
compartment of a radio receiver. 

The Stewart All -Dry "A" Eliminator 
will supply sufficient current for op- 
erating receivers having from five to 
ten tubes. 

Acme ABC Power Supply Units 
The Acme Apparatns Corporation, 37 

Osborne Street, Cambridge, Mass., 
have introduced three types of ABC 
Power Supply Units designed for use 
in connection with the new A.C. tubes. 

The terminal panels are plainly 
narked for the various voltages and 
conveniently located at the top of the 
unit. There are over -size openings to 
permit with ease the entrance of as 
many wires as required to make the 
necessary connections to the receiving 
set. 

The type R -280 employs a 280 type 
full -wave rectifier. This unit sup- 
plies "B" voltages up to 180 and has 
three intermediate taps and a minus 9 
and minus 40 -volt 'C" tap. The "A" 
portion of this unit will accommodate 
four 226 type tubes. one 227 tube and 
one 171 or 112 tube. 

The type R -111I is identical to type 
R -280 except that it employs a Ray- 
theon BII full -wave rectifier tube. 

The type A -BH is designed to use 
either the 280 type full -wave rectifier 
or the Raytheon BII full -wave recti- 
fier. The "It" unit supplies a maximum 
of 180 volts. "C" voltages of negative 
1.5 and negative 22 are available. The 
"A" unit will accommodate seven 
Arcturus A.C. tubes which have 15 volt 
filaments. 
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Thousands of extra copies will be available at the RADIO 
ENGINEERING Booth -(Number 33). 

Please accept this as a cordial invitation to stop in and see 
<« us during the week. 

4c ti BOOTH NO. 33. 
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About the June Show Number 
THE June issue of RADIO ENGINEERING will, of course, 

feature the Second Annual Radio Manufacturers' Trade 
Show and the Fourth Annual Convention of that 

organization. 

The text section will cover, comprehensively, the engineering ,.,a', 

and production plans of the industry - will reflect the view- 
point of the technical minds of the industry -and will deal 
with the technical factors involved in the advances made 
during the past year and planned for the coming year. 

The viewpoint of the executives and committee heads of 
the Radio Manufacturers' Association will be presented in 
statements which they are preparing for the June issue of 
RADIO ENGINEERING. 

The advertising section will also be a valuable and inter- 
esting feature. 

Advertising pages will be used to present engineering and 
technical facts in connection with the lines displayed at the 
show - facts which must be interpreted to the public during 
the following months. 

Scores of material manufacturers who have advertised little, 
if at all, to the radio industry, have scheduled space in the 
June issue. It will be interesting advertising - covering proc- 
esses, materials, machinery, parts, accessories and complete 
receiving units. 

The June issue will be an active aid in determining 
sources of supply and in formulating buying plans. 
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Attention f4.4 

, 

Custom Set 
Builders 

Your clientele has an investment in 
battery operated sets and power 
supplies. Many of them are not in 
the market for a new receiver, yet 
desire A. C. operation. By selling 
the EBY A. C. Adaptor Harness 
you protect their investment in 
sets and power supplies and give 
them a completely dry and efficient 
A. C. receiver. It gives you a nice, 
profitable unit sale of harness, 
transformer and set of tubes. 
No rewiring is necessary -the job 
is done in 10 minutes. Designed 
for use with standard tubes and 
transformer. 

Made in two universal models 
EBY A. C. Adaptor Harness for Five Tube 

Sets -$9.00 List. 

EBY A. C. Adaptor Harness for Six Tube 
Sets -$10.00 List. 

Complete instructions with each Harness tell 
just how it's done. Write for a copy of this 

interesting instruction booklet. 

THE H. H. EBY MFG. CO., Inc. 
4710 Stenton Avenue, Philadelphia 

Makers of EBY 
Binding Posts 
and Sockets 

Radio Engineering, April, 1928 

" Rosin joints?" Roszn 
"Soldering iron capacity ?" 

Il glad you ask those questions," said 
the consulting engineer. "The two sub- 

jects are closely related. You are using the 
best assembly material available -KESTER 
ROSIN -CORE WIRE SOLDER -but irons 
lacking in capacity are working a hardship 
on it. Rosin joints, insecurely soldered con- 
nections and slowness of production result. 

"Any Electric iron will melt solder-- the real test is 
to have capacity in the tool for bringing parts to a 
solder -melting temperature quickly. Irons, or their 
points, should be collected daily for reshaping. This 
is necessary because solder dissolves away the copper 
point. Eroded points present irregular surface for part 
contact -poor contact hampers heat deliver. -- slowness 
of heat delivery means lowered or defective production. 

"Do not substitute other metals for the copper iron 
point - they reduce tool capacity. Of the common 
metals, copper is the best conductor of thermal energy. 
Operators should not wipe the solder coated iron point 
upon cloths -it removes too much of the protective 
solder coating -rapid oxidation results. 

"Follow suggestions to secure full value of KESTER 
ROSIN -CORE WIRE SOLDER for time- material- 
and labor saving. Any further questions, gentlemen ?" 
If so, address P. C. RIPLEY, Research Engineer, Chi- 
cago Solder Company, 4201 Wrightwood Avenue, 
Chicago, Illinois. 

"Facts on Soldering" 
an interesting booklet, sent upon request 

Chicago Solder Co. 
4224 Wrightwood Ave. 

CHICAGO, U.S.A. 

Originators and World's 
Largest Manufacturers of 

Self-Fluxing Solder 

J ESPECIALLY 

1 tU1 

/ 

KESTER SOLDER 
Rosin -Core 
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14- A. 
/AY Mae. 

Type PAM 16 is for all ordi- 
nary types of loud speakers 

Tubes required 
1 -UX281 
1 -ÚY227 

2 -UX210 

Type PAM 17 is for and 
supplies field current to 
dynamic type speakers 

'1.pe PAM 16 or 17, List Price $125.00 for 110 Volt, 50 -60 Cycle A.C. 

A compact, self- contained, rugged, all electric, two stage audio amplifier for radio console or 

table. Designed to meet Underwriters' and A.I. E.E. standards. Compensation is made for line 

voltage variation. Approximate undistorted pow er output 7 watts. 

Due to the high standard of parts used in its manufacture, the question of service ends with 

its installation. Jobbers and dealers should have them in stock. 

With the use of superlatives in radio advertising all too prevalent the best guarantee of excel- 

lence in performance is the fact that Samson products have been standard in the quality field 

since 1882. 

Samson Electric Co. 
General Offices: Canton. Mass. M:mutar,urcr. Since I1012 Factories: (:ant and Watertown, Mass. 

i i 
, i/ u % v/i 

.aesf... . ... ... .y .... /// 

.rt 

GOOD WILL INSURANCE 
MACRS oif co shielded o 

find the use 
TURE 

of this metal an 
hie 

excellldent 
radi 

selling 
point. For more and more the public is convinced 
that Copper shielded sets give: 

Better Reception 
Finer Selectivity 

Improved Tone Quality 

The efficiency of a shield is proportionate to its 
Our Research Department will conductivity. Copper's high conductivity makes it 
be glad to assist munufartur the most efficient material for this purpose. 
ers in any of their technical 

problems 

COPPER le BRASS 
RESEARCH ASSOCIATION 

25 Broadway, New York 
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"L 
CONTROLS 
MC" 

The "LMC" Vitreous Enameled Resistor is 
1 -It is constant in value 
2 -It is consistent -free from flaws 
3 -It is without capacity 
4-It has no apparent inductance 
5 -It has fairly low temperature co- efficient 
6-It is accurately calibrated 
7 -It is non -hygroscopic. The electric element is thor- 

oughly sealed with special vitreous enamel made in 

the Resistor to specify because: - 
our laboratories, and fused on under 1400 degrees 
Fahrenheit 

8 -The vitreous enamel will not easily chip off 
9 -It is not affected by any changes in temperature, 

owing to the fact that the co- efficient of expansion 
of metals and minerals are on a par 

10-It is sturdy in construction, capable of withstanding 
considerable mechanical and electrical abuse, in- 
cluding short overload of 100 per cent 

We are prepared to furnish samples and quotations on resistors of any value, size and mechanical measurements 
Send your specifications 

LAUTZ MANUFACTURING COMPANY 
Electrical Alloy Products- Controlling Devices 247 New Jersey Railroad Avenue 

NEWARK, N. J. 

POWERIZER 
The 
Power 
Set 
Tubes 
Of 
stage, 
current. 
When 
everything 
is the 
plied 
bulletin 

RADIO 
106 

of 

last 

get 
this 
ap- 
for 

Reg. U. S. Pat, nt Uloro 

Accepted Method 
Supply to the Modern 

Is A C Directly to the 

course, a real power tube (a 210) for the 
is the real advantage of A. C. house 

you connect to the lamp socket, 
that it offers. The short cut to 

PXY type. POWERIZER is readily 
to most sets without rewiring. Send 

R 2003. 

RECEPTOR CO., Inc. 
7th Ave. New York City 

Completely wired Push -Pall 
Potter Stage: 

ANDLES ample Power to faithfully reproduce full frequency 
range without tube overloading. Eliminates hum caused by raw 

AC on filaments of Power Tubes. Increases clarity, reality and volume. 
AmcrTran gives you a unit in 4 types designed for practically any 
combination of speakers [including the new dynamic types], and power 
tubes. For complete information sec any authorized AmerTran dealer 
or write to us direct, mentioning the speaker and tubes you intend using. 

Price completely uired and ready to 
instal in set $36.00 without tuber. 

Licensed under Patents owned or controlled by R.C.A. and may 
be bought with tubes 

AMERICAN TRANSFORMER CO. 
180 Emmet St., Newark, N.J. î rnssfmI `Builders for over 28 years 
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Announcing 
the 

DUPLEX 
"AROSTAT 

A radical departure in resistance techni,itu . Two 
separate and distinct variable resistors in a Pert 
sturdy casing. Adjustments made by means of 
ordinary screw -driver engaging with slotted screw 
shafts recessed in decorating bushings. Res istors 
adjusted for specific conditions, and then left alone. 
No fussing; no chance for trouble; no unnccrssarr 
service calls! 

The Duplex Clarostat provides 
(1) a total resistance of enormous range: 
(2) a tapped resistance with variable total 
and variable tap: (3) a potentiometer with 
variable total r-i-tance and variable mid- 
point; (4) two separate and distinct varia- 
ble resistors; (5) the simplest resistance 
network for a radio power unit. 

The accompanying diagram tells the story. 

8 
SAT 

Z. 

FRONT PANEL TYPE 
B 

OFT 

DUPLEX 

AMERICAN MECHANICAL ASS. INC, 
BROOKLYN N.Y. 

SUB PANEL TYPE 

AMERICAN MECHANICAL LABS. INC. 
8a0OMLYN N.Y 

In order to meet all much -al requirements, the 
Duplex Clarostat is available in two designs: Front 
Panel Type, with combined terminals and mounting 
brackets, for use at rear of panel, with connections 
made directly to I ' ling post screws. Adjustments 
made at rear of panel. Sub -Panel Type, with usual 
connection lugs at bottom. mu d by means of 
two threaded nipples that slip through holes and 
are held in place by decorative nuts. .Adjustments 
made from top or front of panel. 

The Duplex Clarostat is available in a wide range of 
resistances to meet general and special requirements. 

Write for technical data regarding Duplex Clarostat as well as other types of Clarostat for 
every radio purpose. We shall be pleased to co- operate with you on any resistance problem. 

AMERICAN MECHANICAL LABORATORIES, INC. 
Specialists in Variable Resistors 

285 North Sixth Street . 

I.ARpSTAT 
Brooklyn, N. Y. 
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t!!r; JleAaumle .ded Slondmaí 
of Quality since 8R 

THE ZAPON COMPANY 
STAMFORD,CONN. 

CHICAGO tttVlllND DETROIT .IOS 1N4[lEs 
kW MIR milt raan OASEAaa 

eORtuNDSAN MORISCO ' 

SUTTEE 

to 
On Its 
\1 hen you want 
without having 
your laboratory, 

Here are a few 
now using Har 
recommend 
Har -field Resistors. 

Stromberg- Carlson 
Crosley Radio 
American Transformer 
Fansteel Products 
Martin Copeland 
Splitdorf Electric 

Har -field Resistors 
50,000 ohms at 
want, and let us 

HARDWICK, 

Sales Office: 
Fifth 

Avenue 

Here's How 
Check 

True Worth 
to know just how gocxl 

to check up on its characteristics 
find out who uses it. 

of the more prominent 
-field Resistors in large quantities. 

that you write for their 

Tel. Mfg. Co. Conner -Crouse 
Corporation Sonora Phonograph 

Co. Western Union 
Co. Magnavox Corporation 

Co. Electrical Research 
Co. Samson Electric 

are available in various capacities 
10 or 20 watts. Tell us about 

make up a sample for you with 

FIELD, INC. 
or-T, 

Up 

a res stor is, 
in 

manufacturers 
We 

opinion of 

Corp. 
Co. 

Telex'II C. 

Lab's. 
Co. 

up to 
the resistor you 

prices. 

Fory: 
215 Emmett 

Street 

r 

HAR-FIEtOfl 
. 

New York 
City 

I II W /R£ WOUND r 1 

RESISTORS 
Newark, 

N. J. 
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I.,tiirie maa,Inc4, , , 

Mattulacturers' Export Managers 
116 Broad Streak Now York. N._16 

T 

Scientifically equipped to 
ewnomicatty export dependable 

reoeivml and transmitting 
.radio apparatus. 

i v 

11111 KNntrvl 

J 
A concentrated colloidal solution of Acheson Electric Furnace Graphite in distilled water. 
Manufacturers of grid leaks, other re- 
sistances, "getters," and those interested1 
in the establishment of positive contacts 
are consistent users of Aquadag. 

Write for descriptive folder 
Acheson Products Sales Co.,Inc. 

175 Vanderpool St., Newark, N. J. 

vuadag 

The LOGICAL 
Filament 

v Control 

jiwg__ TE-1 
`Jhe"SELF ADJUSTING"Rheoltat 

AMPERITE is not a fixed resistor or so- termed filament ballast. It is the only self- variable tube filament control - insuring just the proper filament current for each and every tube autematically. Does away with all rheostats on panel. Simplifies wiring and operation. Precludes tube damage from under or excessive ' A" current, increasing tube life and always guaranteeing maximum tube performance. 
It is therefore indispensable. 

We ro- operate with dealer, and custom builders. 

Y ?ompan 
50 Franklin St., New York, N. Y. 

CarblveCt Coiiàert5er5 
Professional men are invited to communi- 

cate with us regarding 
SHORT WAVE APPARATUS 
TRANSMITTING APPARATUS 

CONVERTERS 
AU types of cond s from midget to broadcast 

station types 

ALLEN D. CARDWELL MFG. CORP. g,.ßÿä Ñ $lf. 
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. rans ormers 
and Choke Coils- 

built to meet your requirements will give you 
improved results. 
Furnish us with your specifications or put your 
problems up to our experienced en ginrerinc 

The ACME ELECTRIC & MFG. CO. 
Established in 1917 

1653 R., Avenue, Cleveland, Uhi 

CONDENSER PAPERS 
of 

Superior Quality 

LINEN AND CELLULOSE 
IN ALL CALIPERS 

LIBERAL STOCKS CARRIED IN NEW YORK 
ROLLS FOR TESTING ON APPLICATION 

FRED C. STRYPE 
140 Lafayette St. New York City 

1 

fln,.,,,, , .,,,,,, 

ARCTURMS 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;III11!IIIII 1111111 

Without Adaptors! 

ARCTURUS 
A -C TUBES 

amplifier, detector. 
high mu and power types 

With special and universal 
A -C CABLES 

ARCTURUS RADIO CO. 
255 Sherman Av., Newark, N.J 

II II UUn1111 IIII III IIIIIiIInniiiiti IIIIIIIIInllllllllllllllllll 

A C TUBES 
I IIIIIIiIIIIIIIIII I1I1111111111111II111IIIYIIII I I111111111W 110111 

PHOTO -ELECTRIC CELLS 
THE BURT CELL 

Without Fatigue- Highly Sensitive 
Absolutely Reproducible -Instantaneous in Response 

The BURT -CELL is made by a new method and should 
not be confused with any other photo- electric cell. By a 

special process of electrolysis. the photo -electric metal Is 
introduced into a highly evacuated bulb directly through 
the glass wall of the bulb. giving photo -electric material 
of absolute purity. The superiority of the BURT -CELL Is 

due to these features. making possible results never before 
obtainable. Described in Bulletin No. 271. 

We also manufacture the STABILIZED 
OSCILLOSCOPE -the only VISUAL OSCILLO- 
ORAPII having a linear tine axis and no 
inertia --giving an accurate picture of high fre- 
quency wave forme. 

Write for Bulletin 273 

DR. ROBERT C. BURT 
Manufacturing and Consulting Physicist 

327 S. Michigan Ave., Pasadena, Calif. 

fuge 65 

M. 

Independent Laboratories 
Newark, N. J. 

Oxide Coated Filament 
for 

All Tubes 

Special Getter 
for 

Detectors - A.C. Tubes - Amplifiers 
Power Tubes - Gas Rectifiers 

Cerium Alloys 
Exclusive Sales Representative 

A. U. HOWARD 
50 East 42nd St. New York City 

Phone: Murray Hill 0342 & 0343 

i 

-- -SCIENTIFIC- -- -Z 

Type UXB 
DRUM CONTROL 

t 

The new SCIENTIFIC has been designed to meet the need for 
a dependable, fine appearing drum control to be used in ALL 
circuits. 
Beautiful escutcheon shield will enhance the appearance of any 
set. Dial is calibrated 0 to 100 with figures and markings that 
stand out clearly. Friction drive drum made of finest pressed 
steel, improves with use. Action is smooth and powerful and de- 
velops no backlash. This unit is supplied with any combination 
of condensers. List price of drum dial with escutcheon plate 
$3.50; condensers 00035MF, $2.00 per unit. Other capacities 
on request. Type UXB Drum Control can be supplied with any 
combination of condensers. 

United Scientific Laboratories, Inc. 
113 -115 Fourth Avenue New York City 
BRANCH 
OFFICES 
St. Louis 
Chicago 
Boston 
Minneapolis 

Canadian Offices: 

BRANCH 
OFFICES 
Cincinnati 

Los Angeles 
Philadelphia 

San Francisco 

London, Ontario 
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TESTING OF RADIO APPARATUS 
Permeability and Hysteresis Curves of iron samples. 

Condensers tested for life, voltage breakdown, leakage, etc. 
Input and output curves of socket power devices -Oscillograms. 

80th St. at East End Ave. ELECTRICAL TESTING LABORATORIES New York City, N. Y. 

PATENTS 
TRADEMARKS - COPYRIGHTS 
Special Attention to Radio Inventions 

EUGENE E. STEVENS 

i 

Attorney at Law 
Registered Solicitor of Patents 

905 F St., N.W., Washington, D. C. «A 

Custom Work a Specialty 

H. & F. RADIO LABORATORIES, Inc. 
Radio Engineers 

168 Washington St. 
New York City . 

Consulting "SUPER- HETERODYNE" Experts 

ALLIED ENGINEERING INSTITUTE 
Suite 429 

30 Church St., New York, N. Y. 

RADIO ENGINEERING, RESEARCH AND P U B L I C I T Y 

7 

----------- =. 411 

r 

s. 

CONDENSER SPECIALISTS 
We make one thing and one thing only -wax 
Impregnated paper condensers in medium and 
large capacities. We make no set hardware, no 
eliminators. no transformers, no pans. no sets. 
Our entire concentrated effort Is on one product alone. Such specialization assures highest qua lit3. 
economical production and dependable service. Million of Fast Condensers now in use In lead- 
ing sets and eliminators. Send us your 
specifications. HREF t 

`piY 
3982 Ave., 

Write for Debpt. R.E. 
Tree Chicago, U.S.A. 

booklet 

RADIO PANELS 
Bakelite and Hard Rubber 
All latest circuit panels in stock 

Special sizes to order 
CORTLANDT PANEL ENGRAVING CO. 
167 Greenwich St. New York, N. Y. 

7 

WIRE 
STRAND -Antennae (plain or enameled) -Dou 

ble Galvanized. 
WIRE- Antennae (plain or enameled). Connect. 

ing and Ground (Rubber covered, braided or plain). 
BUS BAR -Litzendraht -Loop. 
MAGNET (Cotton or Silk). 

John A. Roebling's Sons Co., Trenton, N. J. 

Group Subscription Rates for 
RADIO ENGINEERING 

1 Subscription ... $2.00 
2 Subscriptions ... 3.00 
3 Subscriptions . .. 4.00 
5 Subscriptions ... 5.00 

For more than 5 
subscriptions a d d 
$1.00 for each addi- 
tional subscription. 

DO YOU WANT ACCURACY -DELIVERY -ON 
INDUCTANCE COILS 

Space Wound, on Threaded Forms Complete Tuning Units. 
of All Types for Receiving and Transmitting. 

Coil Winding Specialists Since 1920 

AIR -KING PRODUCTS CO. 
222.226 GRAND ST., BROOKLYN, N. Y. 

L. 

LONG TERM SUBSCRIPTIONS 
Group rates are available to individual subscribers 
who wish to extend or renew their subscriptions 
as follows : -2 years, $3.00 -3 years, $4.00- 
5 years, 5.00 -For each additional year add 
$1.00. 

RADIO ENGINEERING 

NEW RADIO COURSES 
Instruction in every branch of radio. R. I. A. courses teach radio from 
A to Z. The new course gives instruction of especial value to dealers and 
service men. 

Write for booklet AR containing full particulars 

RADIO INSTITUTE OF AMERICA 
(FORMERLY MARCONI INSTITUTEI 

326 BROADWAY. NEW YORK, N. Y. 
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Electrify Your Set 
WITH THE 

MARATHON AC KIT 
Satisfaction Guaranteed 

No need to wonder if the Marathon AC 
Kit will operate on your set - we guar- 
antee it. If you have a 5. 6, 7 or 8 tube 
set using UX sockets and are now em- 
ploying an "A" Battery (either dryer!' 
or storage) you can use the heMa Marathon [ ahon 
AC Kit -perfectly. Marathon AC 
Tubes are guaranteed for a year. 

The Marathon AC Kit is complete 
Nothing else to buy - everything is 

complete. For example the six tube kit 
includes 6 Marathon AC Tubes- a universal harness 
-a 6 volt, Transformer -a volume control - and an 
instruction sheet. Anyone, no matter how ignorant of 
radio can change his set from DC to AC. 

ComplatAlICetimleatloo also by using 
the Marathon Power Pack instead of the Tans - 
former. Prices for complete A B C Kits -5 or 6 
tube -$59.50; 7 tube- $64.50; 8 tube -$69.50. 

Jobbers- Dealers - Set Builders 

Write or wire for our sales proposition. 

NORTHERN MFG. CO. 
387 Emmet Street Newark, New Jersey 

Licensed under Fit: Lmundtcim patent . \'o. 125:4423. 

Engineers the world over praise the Ham - 
marlund Midline Condenser -and what is 
even more convincing, they use it in their 
newest circuits. 

Have you a condenser problem ? Let Ham - 
marlund help you solve it. 

Write for Folder 

HAMMtRLUND MANUFACTURING CO. 

421 -438 W. 33rd 8t.. New York. N. Y. 

3-oN., ?oz./Mx iàncliD' 

ámmarriund 
PRECISION 

MallTHON a, ` C IT ntlIIIIIIIIWW111111111161111IlI hil.iii.A.L..11,1..I.J {ODUCiTs 

Pep Up , X -L PRODUCTS 
Your Set Easier tuning -correct tube 

oscillation -more volume and 
Model "N" ,, ' - ) clearness with an X -L VARIO 
Vario I¡ I DENSER in your circuit. 
Denser (J 1 i .__ Speciflad and endorsed by foremost 

radio authorities in all leading circu.ts. 
MODEL -N "- 5hcrometer adjustment easily 

made. assures exact oscillation control In all 
tuned radio frequency circuits. 

Silver's Knockout. hob. 
erts 2 -tube, Browning- Drake. 

etc. Capacity range 1.8 to 20 Mfd. Price $1.00 
MODEL "G "- Obtains the proper crid capacity 

on Cockaday circuits. filter and Intermediate frequency 
tuning in super -heterodyne and positive grid blast In all 

sets. Capacity range, Model 0-1 .00002 to 
.0001 Mfd. Model O -5 .0001 to 0705 Mfd. Model O -10 
.0003 to .001 Mfd. Price each with grid clips. $1.50. 
X-I. PUSH POST-NEW. Bakelite Insulated. Vibrations will 
not loosen, releases instantly. Price each 15e 

Also In strip of 7 on black panel marked in white. 
Price $1.50 
FREE -New. up-to -date book of wiring diagrams showing 
use of X -L units In the new LOFTIN- WIHITE constant 
coupled radio frequency circuit, and In other popular hook- 
ups. Write today. 

X -L RADIO LABORATORIES 24CHIAGOn I "Ve' 

X -L 
Push 
Pat 

You Can Make Money 
BUILDING & SELLING 

R.E.L.-9 
ALL WAVE ELECTRIC SETS 

This proven circuit -electrified -and designed by 
R. E. Lacault, incorporates all the latest improve- 
ments known to the art. It is an Al set in every 
respect for those who want the best. 

Write for free Descriptive Pamphlet. 

LOWEST PRICES ON THIS AND OTHER 
KITS 

t&. Write for List of Specials s 
R. E. L. LABORATORIES 

1931 Brondwav Suit.. us; N,' York 

,'"J f!III111IG111111111' ii 1111111.113hIIIIWIl1111111111111111111h-7r-7r 

FOR EXPORT 
Representing 

AUBURN BUTTON WORKS, INC. 
RADIO CONDENSER CO. 
MICARTA FABRICATORS, INC. 
CLARAVOX, 1NC. 
SCANLAN ELECTRIC MFG. CO. 
KLOSNER RADIO CORP. 
F. R. ZIERICK MACHINE WORKS 
SHAMROCK MFG. CO. 
K. & H. ELECTRIC CO. 
SATURN MFG. & SALES CO., INC. 
MITCHELL -RAND MFG. CO. 
JOSEPH ESSERMAN 
\IYDAR RADIO CO. 

ARION PRODUCTS CO. 
ESSENBEE RADIO DEVICES CO. 
STANDARD ELEC. NOVELTY CORP. 
BETHLEHEM RADIO CORP. 
ALPHA RADIO SUPPLY CO. 

We have been engaged in the export field 
for eighteen years and have a competent 
staff to solve your problems. Let us put 
our proposition before you and allow us 
to figure on the exporting of your mer- 

chandise. We invite your inquiries. 

PHILIP VALK 
48 Beekman Street, New York, N. Y. 

Cable address: PHILVALK 

, 

A 
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Buyers Directory of Equipment and Apparatus 
Readers interested in products not listed in these columns are invited to tell us of 
their wants, and we will inform the proper manufacturers. Address Readers' 
Information Bureau. 
Addresses of companies listed below, can be found in their advertisements -see 
index on page 70. 

ADAPTERS: 
Carter Radio Co. 

AMMETERS 
Jewell Elec. Inst. Co. 
Westinghouse Elec. á Mtg. Co. 

ANTENNAE, LAMP SOCKET 
Electrad, Inc. 

ARRESTERS. LIGHTNING: 
Electrad, Inc.. 
Jewell Elec. Inst. Co. 

BASES. VACUUM TUBE: 
Formica Insulation Co. 

BINDING POSTS: 
Arrow Automatic Products 

Corp. 
Eby, H. H., Co. 
X -L Radio Labs. 

BOXES, PACKING: 
Tuft Bros. 

BRACKETS. ANGLE: 
Scovill Mfg. Co. 

BRASS: 
Copper and Brass Research 

Assn. 
Scovill Mfg. Co. 

BROADCAST STATION 
EQUIP'T: 

Cardwell. Allen D., Mfg. Co. 
BUTTS: 

Scovill Mfg. Co. 
CABINETS. METAL: 

Aluminum Co. of America. 
Copper and Brass Research 

Assn. 
Crowe Nameplate Mfg. Co. 

CELLS. PHOTOELECTRIC: 
Burt, Robert C. 

CERIUM: 
Independent Labs. 

CHARGERS: 
Acme Elec. & Mfg. Co. 

CHASSIS: 
Aluminum Co. of America. 
Copper and Brass Research 

Asan. 
United Scientific Laboratories, 

Inc. 
CHOKES, AUDIO FREQUENCY: 

Acme Elec. & Mfg. Co. 
American Transformer Co. 
General Radio Co. 
Samson Electric Co. 
Tbordarson Elec. Mfg. Co. 

CHOKES, RADIO FREQUENCY: 
Cardwell, Allen D., Mfg. Co. 
General Radio Co. 

CHOKES, B ELIMINATOR: 
American Transformer Co. 
Dongan Elec. Mfg. Co. 
General Radio Co. 

CLAMPS. GROUND: 
Electrad, Inc. 
Scovill Mfg. Co. 

CLIPS, SPRING: 
Electrad, Inc. 
Scovill Mfg. Co. 

COILS, CHOKE: 
Dudlo Mfg. Co. 

COILS, IMPEDANCE: 
Dudlo Mfg. Co. 

COILS. INDUCTANCE: 
Air King Products Co. 
Hammarlund Mfg. Co. 

COILS. MAGNET: 
Dudlo Mfg. Co. 

COILS, RETARD: 
Hammarlund Mfg. Co. 

COILS. SHORT WAVE: 
Hammarlund Mfg. Co. 

COILS, TRANSFORMER: 
Dudlo Mfg. Co. 

CONDENSER PARTS: 
Scovill Mfg. Co. 

CONDENSERS. BY -PASS: 
Aerovox Wireless Corpn. 
Automatic Electric, Inc. 
Burt. A. G., Jr. 
Dongan Electric Mfg. Co. 
Electrad, Inc., 
Fast. John E. & Co. 

CONDENSERS, FILTER: 
Aerovox Wireless Corpn. 
Automatic Electric. Inc. 
Dongan Electric Mfg. Co. 
Electro- Chemical Co. 
Fast. John E. & Co. 

CONDENSERS. FIXED: 
Aerovox Wireless Corpn. 
Automatic Electric, Inc. 
Burt, A. G.. Jr. 
Dongan Electric Mfg. Co. 
Electrad, Inc. 
Fast, John E.. & Co. 

CONDENSERS, MIDGET: 
Cardwell, Allen D. Mfg. Co. 
Hammarlund Mfg. Co. 
Scovill Mfg. Co. 

CONDENSERS. MULTIPLE: 
Cardwell. Allen D. Mfg. Co. 
Hammarlund Mfg. Co. 
Scovill Mfg. Co. 
United Scientific Laboratories. 

CONDENSERS. VARIABLE 
TRANSMITTING: 

Cardwell. Allen D. Mfg. Co. 
Hammarlund Mfg. Co. 

CONDENSERS, VARIABLE: 
Benjamin Elec. Mfg. Co., Inc. 
Cardwell, Allen D. Mfg. Co. 
General Radio Co. 
Hammarlund Mfg. Co. 
Scovill Mfg. Co. 
United Scientific Laboratories 

CONNECTORS: 
Saturn Mfg. & Sales Co. 
Scovill Mfg. Co. 

CONTROLS, ILLUMINATED: 
Hammarlund Mfg. Co. 
Karas Electric Co. 

CONVERTERS: 
Cardwell, Allen D., Co. 

COPPER: 
Copper & Brass Research 

Assn. 
Scovill Mfg. Co. 

CURRENT CONTROLS. AUTO- 
MATIC: 

Radial' Co. 
DIALS: 

Crowe Nameplate and Mfg. Co. 
Hammarlund Mfg. Co. 

Karas Electric Co. 
Scovill Mfg. Co. 
United Scientific Laboratories 

DIALS. DRUM 
Hammarlund Mfg. Co. 
United Scientific Laboratories 

ELIMINATORS, A BATTERY: 
Acme Elec. and Mfg. Co. 
Electro- Chemical Co. 
Grisby, Grunow, Hinds Co. 
Radio Receptor Co. 

ELIMINATORS, B BATTERY: 
Acme Elec. and Mfg. Co. 
Dongan Elec. Mfg. Co. 
General Radio Co. 
Grigsby, Grunow, Hinds Co. 
Radio Receptor Co. 

Thordarson Electric Mfg. Co. 
ELIMINATORS, A -Ii -C: 

Acme Eke. and Mfg. Co. 
Dongan Elec. \Ifg. Co. 
General Radio Co. 
Grigsby, Grunow, Hinds Co. 
Radio Receptor Co. 
Thordarson Electric Mfg. Co. 

ELIMINATORS, UNITS FOR: 
American Transformer Co. 
Dongan Elec. Mfg. Co. 
Electro- Chemical Co. 
General Radio Co. 
Radio Receptor Co. 
Thordarson Electric Mfg. Co. 

ESCUTCHEONS: 
Crowe Nameplate and Mfg. Co. 

EXPORT: 
Ad. Auriema, Inc. 

FILAMENT. OXIDE COATED: 
Independent Laboratories. Inc. 

FILAMENT CONTROLS, AUTO- 
MATIC: 

Radial) Co. 
FOIL: 

U. S. Foil Co. 
GALVANOMETERS: 

Jewell Elec. Inst. Co. 
GETTER MATERIAL 

Independent Laboratories. Inc. 
GRAPHITE: 

Acheson Products Sales Co.. 
Inc. 

GRID LEAKS: 
Aerovox Wireless Corpn. 
Electrad. Inc. 
Hardwick. Field. Inc. 
International Resistance Co. 
Lantz Mfg. Co. 

HARNESSES, A -C.: 
Carter Radio Co. 
Eby, H. H., Co. 
Northern Mfg. Co. 

HINGES: 
Scovill Mfg. Co. 

HORNS: 
Racon Electric Co. 
Temple, Inc. 

HORNS. MOLDED: 
Racon Elec. Co., Inc. 
Temple. Inc. 

INDUCTANCES, TRANSMIT- 
TING: 

General Radio Co. 

INSTRUMENTS, ELECTRICAL: 
Jewell Elec. Inst. Co. 

INSULATION. MOULDED: 
Bakelite Corp. 
Formica Insulation Co. 
General Plastics, Inc. 
Westinghouse Elec. Mfg. Co. 

JACKS: 
Carter Radio Co. 
Electrad. Inc. 

JACKS, TIP: 
Carter Radio Co. 

KITS. SHORT WAVE: 
.Aero Products. Inc. 

KITS. TESTING: 
General Radio Co. 
Jewell Elec. Inst. Co. 

KITS. TRANSMITTING: 
Aero Products, Inc. 

LACQUER: 
Zenon Co.. The 

LABORATORIES: 
Electrical Testing Labs. 

LEAD -INS: 
Electrad, Inc.. 

LOCK WASHERS: 
Shakeproof Lock Washer Co. 

LUGS: 
Scovlll Mfg. Co. 
Shakeproof Lock Washer Co. 

MAGNETS: 
Thomas and Skinner Steel 

Products Co. 
METERS: 

Jewell Elec. Inst. Co. 
Westinghouse Elec. & Mfg. Co. 

MOUNTINGS, RESISTANCE: 
Electrad, Inc.. 

NUTS: 
Arrow Automatic Products Co. 
Shakeproof Lock Washer Co. 

OSCILLOGRAPH: 
Burt, Dr. Rob't C. 

OSCILLOSCOPE: 
Burt, Dr. Eob't C. 

PACKING: 
Tltft Bros. 

PANELS, COMPOSITION: 
Cortlandt Panel Eng. Co. 
Formica Insulation Co. 
General Plastics Co. 
Westinghouse Elec. á Mfg. Co. 

PANELS, METAL: 
Crowe Nameplate and Mfg. Co. 
Scovill Mfg. Co. 

l'APEE. CONDENSER: 
Dexter, C. H. & Sons, Inc. 
Strype. Fred C., Co. 

PAPER, CONE SPEAKER: 
Seymour Co. 

PHOTOELECTRIC CELLS: 
(See ('ells) 

PLUGS: 
Carter Radio Co. 
Saturn Mfg. Co. 

POTENTIOMETERS: 
Carter Radio Co. 
Central Radio Laboratories 
Electrad, Inc. 
United Scientific Laboratories 
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RECEIVERS. ELECTRIC: 
Grigsby -Grunow -Flings Co. 

RESISTANCES. FIXED: 
Aerovox Wireless Corp. 
Carter Radio Co. 
Central Radio Laboratories. 
Electrad, Inc. 
Hardwick, Field, Inc. 
International Resistance Co. 
Lautz Mfg. Co. 
Ward Leonard Electric Co. 

RESISTANCES, VARIABLE: 
American Mechanical Labs. 
Carter Radio Co. 
Central Radio Laboratories. 
Electrad. Inc. 
Hardwick, Field, Inc. 
International Resistance Co. 
Lantz Mfg. Co. 
Ward Leonard Electric Co. 

RHEOSTATS: 
Carter Radio Co. 
Central Radio Laboratories. 
Electrad, Inc.. 
United Scientific Laboratories. 

SCHOOLS, RADIO: 
National Radio Institute. 

SCREW MACHINE PRODUCTS: 
Arrow Automatic Products Co. 
Scovill Mfg. Co. 

S HIELDING. METAL: 
Aluminum Co. of America. 
Copper and Brass Research 

Assn. 
Crowe Nameplate Co. 

SHORT WAVE APPARATUS: 
Cardwell, Allen D., Co. 
General Radio Co. 

S OCKETS. TUILE: 
Benjamin Electric Mfg. Co. 
General Radio Co. 

S OLDER: 
Chicago Solder Co. (Kester). 
Westinghouse Elec. & Mfg. Co. 

SOUND CHAMBERS: 
Operadlo Mfg. Co. 
Racon Elec. Co., Inc. 
Temple, Inc. 

S PEAKERS: 
Operadlo Mfg. Co. 
Racon Electric Co. 
Temple, Inc. 
United Radio Corp. 

S TAMPINGS, METAL: 
Scovill Mfg. Co. 

S TRIPS, BINDING POST: 
X -L Radio Laboratories. 

S UBPANELS: 
Cortlandt Panel Eng. Co. 
Formica Ins. Co. 
Westinghouse Elec. & Mfg. Co. 

S WITCHES 
Carter Radio Co. 
Electrad. Inc., 
Saturn Mfg. Co. 

TAPPERS 
Eastern Tube and Tool Co. 

TESTERS, II-ELIMINATOR: 
General Radio Co. 
Jewell Electrical Inst. Co. 

TESTERS, TUBE: 
General Radio Co. 
Jewell Elec. Inst. Co. 

TESTING INSTRUMENTS: 
General Radio Co. 
Jewell Elec. Inst. Co. 
Westinghouse Elec. & Mfg. Co. 

TESTING KITS: 
Jewell Elec. Inst. Co. 

TESTING LABORATORIES: 
Electrical Testing Labs. 

TOOLS 
Eastern Tube and Tool Co. 

TRANSFORMERS, AUDIO: 
American Transformer Co. 
Dongan Elec. Mfg. Co. 

General Radio Co. 
Samson Electric Co. 
Thordarson Electric Mfg. Co. 
United Radio Corp. 

TRANSFORMERS. B- ELIMIN- 
ATOR: 

Acme Elec. & Mfg. Co. 
American Transformer 
Dongen Elec. Mfg. Co. 
General Radio Co. 
Samson Electric Co. 
Thordarson Electric Mfg. Co. 

Co. 

TRANSFORMERS. 
HEATING: 

Dongan Elec. Mfg. Co. 
General Radio Co. 
Thordarson Electric Mfg. Co. 

TRANSFORMERS. OUTPUT: 
Acme Elec. & Mfg. Co. 
American Transformer Co. 
Dongan Elec. Mfg. Co. 
General Radio Co. 
Samson Electric Co. 
Thordarson Electric Mfg. Co. 

TRANSFORMERS. POWER: 
American Transformer Co. 
Dongan Elec. Mfg. Co. 
General Radio Co. 
Samson Electric Co. 
Thordarson Electric Mfg. Co. 

TRANSFORMERS, R. F., 
TUNED: 

Cardwell, Allen D. Mfg. Co. 

TUBES, A. C.: 
Arcturus Co. 
C. E. Mfg. Co. 
Northern Mfg. Co. 

TUBES, RECTIFIER: 
Arcturus Co. 
C. E. Mfg. Co. 
Northern Mfg. Co. 

FILAMENT 

TUBES, VACUUM: 
Arcturus Co. 
C. E. Mfg. Co. 
Northern Mfg. Co. 

UNITS. SPEAKER: 
Operadlo Mfg. Co. 
Peerless Rndio Corp. 
Racon Electric Co. 
Temple, Inc. 

VOLTMETERS. A. C.: 
General Radio Co. 
Jewell Elec. Inst. Co. 
Westinghouse Elec. & Mfg. Co. 

VOLTMETERS. D. C.: 
General Radio Co. 
Jewell Elec. Inst. Co. 
Westinghouse Elec. & Mfg. Co. 

WASHERS: 
Arrow Automatic I'roduets Co. 
Scovill Mfg. Co. 
Shakeproot Lock Washer Co. 

WIRE, ANTENNA: 
Dudlo Mfg. Corp. 
Roebling, J. A., Sons. Co. 

WIRE, BARE COPPER: 
Dudlo Mfg. Corp. 
Roebling, J. A., Sons, Co. 

WIRE, COTTON COVERED: 
Dudlo Mfg. Corp. 
Roebling. J. A., Sons Co. 

WIRE, ENAMELED COPPER: 
Dudlo Mfg. Corp. 
Roebling, J. A.. Soils Co. 

WIRE. LITZENDRAIIT: 
Dudlo Mfg. Corp. 
Roebling, J. A.. Sons Co. 

WIRE. PIGTAIL: 
Dudlo Mfg. Corp. 
Roebling, J. A., Sons Co. 

WIRE, SILK COVERED: 
Dudlo Mfg. Corp. 
Roebling. J. A., Sons Co. 

WIRE, TINNED COPPER: 
Dudlo Mfg. Corp. 
Roebling. J. A.. Sons, Co. 

Page 69 
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CONE SPEAKER PAPER 

A LHAU BR:t 
PAPER pares AB- 
SOLUTELY UNI- 
FORM RESO- 
NANCE. It has no 
resonance point of 
its own. Just as 

the cone speaker is 
supreme in radio re- 
production, so also 
is ALHAMBRA 
supreme in impart- 
ing the utmost in 
tone quality. 

Just as 9 out of 10 Radio Speaker Manufacturers use ALIIAMBRA 
exclusively - so do the vast majority of skilled professional builders 
insist upon AIJIAMBRA only. 
Cone speaker manufacturers are Invited to communicate with us concern- 
ing their requirements for the coming season. AL11A %fBRA Is furnished 
In sheets suitable for cone speakers of 13 inches to 39 inches diameter- 
special sizes to order. Prompt shipment guaranteed 

The SEYMOUR CO., 323 W. 16th St., New York City 

Screw Machine Products 
Metal Stampings 

Complete Assemblies 
Machine Screws -Nuts -Washers 

For some years we have satis- 
factorily served leading radio 
manufacturers. Our products 
are accurate and insure rapid 
assembling. 

Arrow Automatic Products Corp. 
27 -29 Vestry St., New York 

J 

FOIL 
FOR CONDENSERS 

All grades of 

TIN FOIL 
LEAD FOIL 

COMPOSITION FOIL 
ALUMINUM FOIL 

UNITED STATES FOIL CO. 
LOUISVILLE - KENTUCKY 

PACKING PROBLEMS SOLVED 
We can overcome your packing difficulties, whether you ship large 
sets or small sets -heavy power equipment or fragile speakers - 

whether the weight 
is ten pounds or 
five hundred 
pounds. Our years 
of experience in 

- the radio shipping 
field are at your 
command without 
obligation. 

G 
TIFFT BROS. 

8 Broadway, 
New York City 

Shi poi na Cases for 
01111cult Problems 
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Centralab Radio Control 
Box Protects "AC" Tubes 
from High Line Voltages 

Electric Radio Sets using "AC" tubes are designed to operate on a line pressure of 110 volts. Any high voltage overloads the tubes and greatly shortens their life. 
In many cities the normal line pressure runs from 120 to 135 volts. In nearly all cities the voltage fluctuates with the lighting load, and at some period during the day is high enough to damage the delicate tube filaments. That is why tubes lose their pep after short service and why the new Centralab Radio Control Box is an essential and economical accessory for most "AC" set owners. 

The Centralab Control Box is a manual line voltage control for "AC" seta. It can be adjusted for any set and for any local condition. It will protect radio tubes from high line voltage that would otherwise soon paralyze or burn them out. It insures longer tube life and better radio reception. 

The Centralab Control Box is easily mounted within the cabinet. Adjustment is made by means of a knob, and when once set to obtain the average workable voltage, need not be adjusted again. Connected as easily as placing a lamp into a wall socket. Furnished complete with receptacle 
and cord. No other wiring necessary. 

Price $3.00 
At your dealer's, or 

write us. 

CENTRAL RADIO 
LABORATORIES 

25 Keefe Avenue 
Milwaukee, Wisconsin 

i m 
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POWER and 

QUALITY 

TYPE 441 PUSH -PULL AMPLIFIER 
A Push Pull amplifier in the last audio stage provide, 

the speaker with ample power to sustain a high volume 
level without tube overloading. transmitting the lull 
effects of large swings in intensity common in orchestra 
music. 

Type 441 Amplifier 
For use with 1 :X221., !'X326, CX 171, ('X371, 1\X210 

CX310 tubes. 
Input inductance 30 henries. 
Input turns ratio 1 2 29 
Uutput impedance ratio 10; 1 

( win dc primary to 
Price, completely wired $20.00 

Licensed by the limbo Furlara You ,n Awe; iru tu l udin. a matent. experimental and I l iadeast 1 r,pt it'n mh. and adrr the terms of 
the lt. i.. :\. Ir...n... tla rua. 10.4, 1.. 1Jd nil, with tubs. 

slnlnul:ry l 

GENERAL RADIO CO. 
30 State St. Cambridge, Mass. 
274 Brannan St. S- \n Francisco, Calif. 
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High Resistance 
Voltmeter 

( For the Set Owner ) 

Pattern 
No. 139 

In the adjustment of his B- elimina- 
tor voltages the set owner has been at a dis- 
advantage because of the excessive cost of a 
reliable testing instrument of sufficient sensi- 
tivity to give accurate results. This disadvan- 
tage has been recently eliminated by the in- 
troduction of the Jewell Pattern No. 139 high 
resistance voltmeter. 

Although the price of this instru- 
ment is low, it is of the D'Arsonval or mov- 
ing coil type with the movement swung be- 
tween genuine sapphire jewels. The full scale 
value is 300 volts, the scale having 30 divi- 
sions. Movement parts are silvered and the 
scale is silver etched with black characters. 
The series resistance is wound of fine wire and 
accurately adjusted to give correct readings 
at all times. The instrument throughout is of 
the very highest grade of workmanship. 

Pattern 139 measures three inches 
in diameter and is very compact and easy to 
handle. Its use will give untold satisfaction 
to its user in absolute knowledge of his set 
operating conditions besides enabling him to 
keep his set at its best at all times. 

Dealers carry this instrument in 
stock, or a descriptive circular No. 1 103 may 
be obtained by writing us direct. Ask for 
a copy. 

"28 Years Making Good Instruments" 

Jewell Electrical Instrument Co. 
1650 Walnut St. Chicago 

Page 71 

CONDENSER 
TISSUES' 

NO Radio set is any better than its 
weakest link, and the weakest link is 

very often a filter Condenser. No Con- 
denser is any better than the thin strips 
of Insulating Tissue which separate the 
layers of metal foil. A pinhole or a speck 
of metal in the Condenser Tissue means 
a break down of the Condenser, with the 
entire set put out of commission. 

DEXSTAR Condenser Paper is regarded 
by Radio experts as being the highest 
grade Insulating Tissue ever made -the 
freest from defects, the most uniform in 
quality, the most lasting under exacting 
and unusual requirements. DEXSTAR 
Condenser Tissue is the specialized prod- 
uct of a paper mill which has excelled 
in Tissue Paper production for three 
generations. 

RADIO designers and builders should 
have the assurance that Condensers which 
they use are made with DEXSTAR Con- 
denser Tissues. It is insurance against 
many radio troubles. The leading Con- 
denser manufacturers are now using 
DEXSTAR Condenser Tissues exclusively. 

C. H. DEXTER & SONS, INC. 
Makers of Highest Grade Thin Papers 

WINDSOR LOCKS, CONN. 
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Announcing 
Dongan By -Pass and Filter 

Type Condensers 
With the acquisition of the busi- 
ness and equipment of the Elec- 
trical Specialties Mfg. Company, 
Inc., Dongan now offers the 
manufacturers of radio receivers 
a line of fixed condensers com- 
parable in quality and ingenuity 
of design to Dongan Radio Trans- 
formers. 
Mr. C. Ringwald, an authority on 
condenser design and construe- 

tion, will direct the condenser 
division of the Dongan radio line. 

Just as Dongan has pioneered in 
transformer development, so will 
the Dongan laboratories strive to 
maintain front rank in fixed con- 
denser design. 

Thus the radio industry is assured 
additional permanency in the ap- 
proved parts field. 

Dongan will continue its policy as an 

exclusive source lo sel manufacturers. 

- another Transformer Success 
To meet the increased capacity of the 
new t'\ 250 power amplifier tube 
Dungan engineers have perfected two 

No. 651 

new Output Transformers. No. 1176 
is Push Pull type, No. 1177 a straight 
power amplifier type. 

A POPULAR A C TRANSFORMER 

9 
This is one of the best -liked AC transformers on the market. It is designed to operate 
with 4 UN 226. I l'1' 229 and I l'N 171 poser amplifier tubes. Mounted substantially 
in crystallized lacquered case. equipped with lamp cord and plug outlet for It- eliminator, 
also tap for control switch. 7F5.75. 

SET MANUFACTURERS AND CUSTOM SET BUILDERS 

will be furnished with any desired information and engineering data on request. 

DONGAN ELECTRIC MANUFACTURING COMPANY 
2995 -3001 Franklin St. 

DETROIT, MICHIGAN 

. r eT2-5i31iA311'121_1:1-111 
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Percent Duo -Plug formed of Bakelite Molded. Percent Electric Co., New York. N. Y.. Manufacturers. 

Note the fine threading and knurling 
of this Bakelite Molded plug 

NO machining or finishing 
operations are required in 

producing the three Bakelite 
Molded parts of this Duo -Plug. 
Strong, durable threads are ac- 
curately formed in the mold, 
and likewise the knurled sur- 
faces of both the plug and its 
protecting sleeve. The sepa- 
rator for the binding post 
is also formed of Bakelite 
Molded. 

Multiple cavity molds are used 
and from six to ten finished 
parts are produced in one op- 
eration. Like parts are al- 

ways interchangeable, a dis- 
tinct advantage in assembling 
operations. The rich color and 
lustre of Bakelite Molded adds 
greatly to the appearance of 
the plug and makes it easier to 
sell. 

Bakelite Engineering Service 
Intimate knowledge of thousands 
of varied applications of Bakelite 
Materials combined with eigh teen 
years' experience in the develop- 
ment of phenol resins for radio 
uses provides a valuable back- 
ground for the cooperation offered 
by our engineers and research 
laboratories. 

BAKELITE CORPORATION 
247 Park Avenue, New York, N. Y. Chicago Office: 635 W. 22nd Street 

ITE CORPORATION OF CANADA. LTD.. 163 Dufferin St., Toronto, Ont. 

AK 
THE MATERIAL OF 

LITE 
A THOUSAND USES 

' The registered Trstte Mask and Symbol shown above nuy be wed only on products made from nuteru!s 
by Fisk el ctCurpora Under the eapta] -' B s the n ncal man for ,Mn, r unlimited urIt'symbohen 

the mfoutc n be of present And future n of Bakrh ( Cot poratt s products.- 
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