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POWERIZER
The A C Radiotron method of Power Supply has been
overwhelmingly accepted.
At the R. M. A. convention of June, 1927, we showed
the first battery set with this application. Thousands
upon thousands of all kinds of sets have been Power ized by our dealers since.

The real big thing that the Light socket has done for
radio is to make available the Super power tube. . .

the UX 210 -The A C Tube for Tone!
Our experience and manufacturing facilities make it
unnecessary for you to experiment with built -up units.
Our bulletins 1018 and 1019E will be sent on request.

RADIO RECEPTOR CO., Inc.
106 SEVENTH AVENUE, NEW YORK

LICENSED BY RADIO CORPORATION OF AMERICA AND ASSOCIATED COMPANIES
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magic of the
modern age! In the design
and construction of those hidden
parts on which clearness and
beauty of tone depend, Scovill
is a leader. At Scovill, radio
manufacturers find précision of
workmanship and large volume
production
combination that
aids them to forge ahead rapidly

-a

R

A

in this highly competitive field.

-

Scovill makes to order, in quantity
condensers, condenser parts,
metal stampings, screw machine
products, switches, decorated metal
radio panels, etc. We work from
your sample, blue print or suggestion. A wide variety of butts and
hinges, continuous hinges and
machine screws are kept on hand.

Scovill 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.
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WATERBURY

CONNECTICUT
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MANUFACTURING COMPANY
New York

Providence

Los Angeles

Atlanta

Boston
Philadelphia
San Francisco
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Chicago
Cleveland

Cincinnati
Detroit

In Europe
The Hague, Holland
Member, Copper and Blass Research Association

S

r
r

Radio Engineering, February, 1928

RADIO ENGINEERING
52

Vanderbilt Avenue, New York, N. Y.
EDITED BY M. L. MUHLEMAN
Advisory Board of Editors

John F. Rider

Zeh Bouck

mu! nmmnuulullr, nuulllnlenuclolnmAlP, luluululu 'a1u!nllnul:nenn!I;nl;ur.

Vol. VIII

James Millen

Austin C. Lescarboura

Munn; 1u1n1uluunn1uu11nnmuunuunnmmuunnnnlcnnnnumunnnnnnuunnnunnnnlxnlnnnnnnnnnnnnnunnnnnlnnlnlnniumiim

Number

FEBRUARY 1928
II"'.1:!I'

xIIIIIIIIIII1111111IIIIIIII11111J111!:P,;

EDITORIAL
ARTICLES have appeared in numerous periodicals purporting to provide the final analysis of the existing
conditions in the radio field. No two analytations
have been alike. Each and every one of the áuthora
has been influenced by his own pet theory and to such an
extent that relative conditions have been lost sight of.
It is next to impossible for anyone to propound a true
analysis of market conditions. One might as well attempt to
prognosticate the future trend in political warfare.
We have it from an authority that it is disastrous for the
radio set manufacturer to discontinue the merchandising of
battery operated sets. If the manufacturer loses sight of
the large volume of potential business in the farming districts
and direct current territory he is very likely to find himself
out of the picture. The reasons given are comparatively
simple ; farming districts are not supplied with alternating
current and therefore battery operated sets must be used;
direct current territory represents in practically every case
a concentrated population, New York City as an example,
where there are over 335,000 direct current consumers, and
such territory represents enormous business opportunities to
the manufacturer of battery operated sets.
These statements so obvious in their logic, are not quite as
inspiring as they ought to be-possibly because the logic is
applied. If the above facts are true why is there a drop -off
in the sale of battery operated sets in practically every district of the United States? Why is It that the farmers and
the direct current consumers are not buying battery operated
receivers when they are in the highly advantageous position
of being able to purchase them below the retail price?
Farmers are well known for their conservatism. The poor
farmer, and there are numerous poor ones, must, by necessity invest his meagre earnings to give him the best possible
returns. When be buys a milk churn he expects it to last a
good many years. He is instinctly tight -fisted and views all
articles from the standpoint of their utility value. He will
make his three tube dry -cell set last as long as his milk
churn.
The same psychology cannot be applied to the wealthy
farmer but investigation shows that most rich farming districts are supplied with electric power. Since the current
must be carried over considerable distances it is alternating
of character and consequently A.C. receivers are applicable.
The numerous farmers having 32 volt farm lighting plants
represent a large percentage of the total number but the battery operated set is not as yet practically applicable to a 32
volt system.
Direct current consumers in the metropolitan areas are
being supplied socket power receivers by local manufacturers.
There are three comparatively large set manufacturers within
a radius of fifty miles of New York City who supply 90%
the direct current set market. It will require time and
concentrated effort for other manufacturers to break in on
this busine_á to any extent.
Unquestionably there is a market for battery operated sets
but manufacturers should exercise caution and seek to strike
the proper balance of production.
M. L. MUHLEMAN, Editor.

a

Harry G. Clam
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Here's the Simplest Way

To Change DC Receivers to AC
Absolutely no Rewiring Necessary on Standard Sets
The EBY AC Adaptor Harness can be used in practically any standard five or six tube set
equipped with separate B Battery and C Bias feeders for the last AF stage without changing
the wiring in any way.

EBY AC ADAPTOR HARNESS Cable Has Only Eight Leads

And six of them go to the transformer. It is as easy to hook -up the EBY AC Adaptor Harness as it is to connect the set cable. The whole installation can be made in less than ten

minutes.

Improves Reception without Changing Characteristics of Set
The harness automatically rewires the set for AC tubes without changing its characteristics
in any way. The Eby harness is designed for use with R. C. A. Radiotrons UX 226, UY
227 and UX 171, or UX 112 -A or with tubes having exactly the same characteristics.

Present B and C Supplies Can Be Used with
Standard Transformers
The present B and C power supplies can be used whether they are batteries or eliminators.
The harness is designed for use with standard transformers made by Acme, Bremer -Tully,
Jefferson, Karas, Silver -Marshall, Thordarson and other manufacturers.

Complete, Simple Instructions Packed with Each Harness
.6

Our instruction booklet gives complete directions and tells the whole story. Write for it

EBY AC Adaptor Harness for Five Tube Sets .. $9.00 List
EBY AC Adaptor Harness for Six Tube Sets $10.00 List
.

The H. H. EBY MFG. CO., Inc.
4710 Stenton Ave.

Philadelphia

Makers of EBY Binding Posts and Sockets

3
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This Book Contains
Valuable Information For You
believe that every designer of
radio equipment will want a

WE

copy of "Aluminum for Radio," just
issued, which describes and illustrates
many of the latest applications of aluminum in radio apparatus. Between
the covers of this little book is information which cannot fail to interest
you and which may prove of inestimable 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 shielding, 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 information that has been accumulated
by our laboratories.
Write us today for your copy of
"Aluminum for Radio."

ALUMINUM COMPANY OF AMERICA

2168

(lli.er Building

Pittsburgh, Pa.

I NUM
ARD.1
of
`?he mark

Qiuilitq in Radio
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AMERTRAN Now Offers
Complete Light- Socket Power
with Fidelity of Reproduction
The AmerTran ABC Hi -Power Box.
Litt price $95, east of the Rockies.

You know already the well - earned
reputation of AmerTran parts. Now

Rectifying tube extra.

investigate these latest achievements.
and by comparison judge their merit.
Certainly you will select them for long
life, and quiet, reliable operation.

No batteries, liquids or chargers.
No attention or adjustment neces.
wry. Uniform, dependable power
from the house current.

BEFORE you think of another set, think what these new AmerTran products
will do for the one you have. The ABC Hi -Power Box will deliver smooth
power to plate and filament from the light socket, supplying sufficient voltage
and current for push -pull 210 tubes and all other AC tubes required in a modem
receiver. There is no fussing no weak reception due to run -down batteries. This
complete unit contains AmerTran -designed equipment, with a power transformer having separate windings to provide AC filament current at 7 % volts for two 210 power
tubes, a similar winding for the 281 rectifying tube, a third winding at 2% volts
-providing heater current for three or four UY -227 AC tubes, and a fourth winding providing current at 1 % volts for four or five UX -226 raw AC tubes. These
capacities are ample for practically every set, with a generous margin of safety.
The Hi -Power Box may be placed in the base of a console or under a table
away from the set. With its black finish, nickel trimming and hinged cover it will
be suitable anywhere.
With either an AC power supply system or batteries, you'll find the fidelity
of reproduction brought by the AmerTran Push -Pull Power Amplifier actually
limited only by the perfection of the speaker. Operated from the AmerTran ABC
Hi -Power Box, the input to the speaker is free from distortion and objectionable
AC hum. The energy output is increased especially at the lower musical frequencies,
bringing greater clarity at high or low volume. The amplifier connects to the detector
of the receiver and may be entirely AC operated. It is furnished with cable and plug
to connect directly with the Hi -Power Box. One of the important parts of this amplifier is the well -known AmerTran DeLuxe audio transformer.
These two companion units are designed to work together, and when used with
a good tuner and speaker will reproduce without exaggeration a philharmonic orchestra or pipe organ as though actually present.

-

See these new AmerTran products

The AmerTran PushPull Power Am-

on demonstration at any store displaying the sign "Authorized AmerTran Dealer" or. if you cannot obtain
them. write direct to this Company.

plifier. List price $60, east of the Rock.
ies. Tubes extra.
A new standard of quality in Audio

Amplification. The tone you have
always wanted. Connects to the
detector of any good receiver.

Both wired units are licensed
under patents owned or controlled by R C A and must be
sold complete with tubes.

AMERICAN TRANSFORMER CO.
Emmet Street

"[Transformer

.

.

Newark, N. J.

.

Builders for

Over

27 Years"
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DISTANCE

lends
ENCHANTMENT
t,

When you buy or build a radio set make
sure that it has Copper Shielding. Where
long distance reception is desired Copper
Shielding is essential. It is a refinement
to your set that will enable you to hear
the programs of distant stations much
more clearly.
Copper Shielded sets give:
BETTER RECEPTION
FINER SELECTIVITY
IMPROVED TONE QUALITY
By virtue of its easy working qualities and

its high conductivity Copper Shielding
is a decided improvement to any set.

le BIuss
COPPER
RESEARCH ASSOCIATION
25 Broadway, New Durk
V

Write for your copy of this
book. There is no cost nor
obligation on your part.
ppAO
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control
important"

Yes! Flux
is

to the assembled exeLuEPLIED the consulting engineer
to recognize the
tives. "The failure of a manufacturer
seriously affects both

necessity for adequate flux control
of his soldered products.
production cost and the quality
room this morning I noted the
stock
your
thru
we
passed
As
E, likewise the haphazard method
raw fluxing materials for Dept.
impressed. Remember, all
of mixing them. I was not favorably for a flux, neither will inrequirements
the
fulfill
rosins do not
prove practical. A good flux
discriminate purchase of solvents
in a scientific manner. Furthermust be compounded or mixed given to the demands made upon
more, due consideration must be
speed at solvency, corrosiveir, such as: oxide solvent capacity,
of the residuals.
ness, conductivity, color and volume
flux pots-some contained a
open
the
observed
we
E
Dept.
In
of the solvent- others
flux highly concentrated by evaporation
The result of this condition was
an extremely diluted solution. secure too much flux -another an
apparent-one operator would the second or third application.
insufficiency, this necessitating
cost and quality all suffered.
Appearance of the product, labor
method now utilized in
The only necessity for the assembly
or engineering department
Dept. E is because your designing connections mechanically.
failed to provide means for securing higher but labor for solderYes; parts costs might be somewhat
in excess of such small additional
ing is now five and six times will
make it possible to enjoy the
increase. Secured connections
attendant reduction of labor
-the
control
flux
of
fullest benefits
of quality, thru the use of
improvement
and
costs
soldering
SOLDER. Follow me closely
KESTER ROSIN CORE WIRE
for one soldered connection.
while I enumerate the present routineassembly
in relative position
Operator places component parts of
(brush or swab)-dips
for soldering-reaches for flux applicator
amount of flux to the consame in flux pot- applies a varying
to pot-supports abutted unnection- returns flux applicatorwith
left hand -picks up soldersecured part in positive position
and secures varying amount of
ing iron with right hand -reaches
to the connection
solder on iron point from bar or spool -applies
for solder to solidify
with the iron -lays down iron -waits to
the placement of the
removes finished assembly preparatory
lost motion there. If proper
next assembly. Gentlemen, there is made the operator would
arrangement for this assembly were
day long, nor would there
never lay down solder or iron all flux application.
or
solidification
solder
for
delays
be

-

Dept. j give considerable
You complain that parts assembled in
the following facts:
trouble. My survey of conditions discloses
paste (labeled non -corrosive)
A corrosive and conductive chloride
pressure for increased prois psed as a fluxing agent. Present day
already hazardous operdiiction has increased many times the Corrosion and leakage
ation of flux application by the operator.
KESTER CORED WIRE
are both affecting your parts. Try more active fluxes-your
SOLDER cored with some of their
and while so doing,
operators can then practice flux control
increase production.
and an analysis of the
I feel sure that by some serious thought
of flux control on
situation you will appreciate the importanceAlso you will more
electrical devices of soldered construction.
for accomplishing
fully grasp the possibilities of cored solder
?" If so, write
this important factor. Any questions gentlemen
Research Engineer, Chicago Solder Co.
P. C. Ripley,

"Facts on Soldering"
an interesting booklet,
sent upon request

Chicago Solder Co.
4224 Wrightwood Ave.

CHICAGO, U.S.A.

5

/i
/..'

Originators and World's
Largest Manufacturers of
Self-Fluxing Solder

.14/"1/'

KESTER
Rosin -Core

SOLDER

www.americanradiohistory.com
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Cut Production Costs
With Shakeproof
The two hands tell the
story.

-

Tangled washers useless
Useless cost
delay
slowed up work why not
"X" them out?

00
0
7

0

O

Shakeproof Lock Washers
are tangle proof, absolutely. Now cutting production costs in some of
the best radio and electrical goods factories in the
country.
Note the different types
and then-

Send for Shop Test Shipment
Just tell us dimensions of work on which test will be made to prove it is tangle- proof,
shake -proof, a positive lock, giving clearer work with lighter weight. The countersunk
is the only lock washer that will lock flat and oval head screws.

Type 20064

Type 20061

Type 2008

Type II

External

SHAKEPROOF

LockWasher Company
Division Illinois Tool Works

2511 North Keeler Avenue, Chicago, Illinois

1
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Embossed
Etched
or Combination

Etchings and
Embossings

finishes-new designs -enlarged
, facilities for 1928! Dies made in

NEW

our own modernly equipped die department, by a staff of expert die makers,
engaged exclusively on Crowe products.
Prompt, dependable deliveries.

We are prepared to co-operate with
your engineers or production manager
in devising escutcheons, panels, dials,
drums and scales, best fitted to your
assembly. Write for appointment with
our sales engineer.

CROWE NAME PLATE & MANUFACTURING CO.,

1

%49 GRACE STREET, CHICAGO

Pale
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PRINCIPLES of RADIO COMMUNICATION
(Second Edition)

r

Completely Revised and Up to Date by

I

RADIO

JOHN H. MORECROF1

Ì

tt;F

I

FREQUENCY
MEASUREMENTS

,I

Professor of Electrical Engineering, Columbia University
Past President Institute of Radio Engineers
assisted by

1'1Ir4
ana'

A. PINTO

Electrical Engineer, Otis Elevator

ira M

1I

.1

Co.

and

W. A. CURRY

Assistant Professor of Electrical Engineering, Columbia
University
MOULLIN

Saves Hours of Calculation

RADIO FREQUENCY MEASUREMENTS

F

by

E. B. MOULLIN, M. A., A. M. I. E. E.

Practically a New
Book- including all
n

developments

e

For use while measure are in progress.
ments
This book shows how the
latest discoveries in R F.
measurements are oractiy applied.

contains formulae for measurements that the experimentor in the
past had to derive for himself. Theories are made practical by ex
amples. Practically every measurement is illustrated by an example.
There are copious Instructions about the manipulation of apparatus.
The use of the vacuum tube voltmeter is described.

It

but es retaining the
good features of the
old.
I'
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Let Radio Engineering Assist When You Are Adding
to Your Technical Library
See

offer at foot of this advertisement
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ENGINEERING WORKS
by
by

RADIO FREQUENCY MEASUREMENTS

THER\IIONIC VACUUM TUBE
OF RADIO TELEGRAPHY AND TELEPHONY
EXPERIMENTAL ELECTRICAL ENGINEERING
(and Manual for Electrical Testing)

*MANUAL

VECTOR

ANALYSIS

THEORY OF VIBRATING SYSTEMS AND SOUNDS

E. B. Moulin, M.A., A.M.I.E.E. $10.00
H. J. Van der Bijl, M.A., Ph.D. 5.00
5.50
by Admiral S. S. Robison
5.00
1 by Vladimir Karapel0$
i Prof. EE., Cornell Univ.
2.50
by Joseph G. Coffin, B.S., Ph.D.
5.00
by Irving B. Crandall
Bell Telephone Labs.

GENERAL PUBLICATIONS
PRINCIPLES OF MODERN RADIO RECEIVINI,
PRACTICAL RADIO CONSTRUCTION AND REPAIRING
ELEMENTS OF RADIO TELEPHONY
WIRELESS PICTURES AND TELEVISION
Robison's Manual is the standard radio text book

Prof. J. H. Morecroft

7.50

by L. Grant Hector, Ph.D.
by Moyer & Wostrel
by W. C. Ballard, Jr., M.E.

5.00

by

PRINCIPLES OF RADIO COMMUNICATION

by T. Thorne Baker

of the U. S. Navy.

the above works and other
Nota. -Radio Engineering will be glad to give information concerning
radio and engineering books, in which subscribers may be interested.

Note: Your subscription, or the renewal or

extension of your subscription saves $1.00
toward the purchase price of any of the above
publications.
Just add $1.00 to the price listed opposite
the book desired. Send check or -Money Order
to RADIO ENGINEERING, S2 Vanderbilt Ave.,
New York City, and you will receive a full
year's subscription to RADIO ENGINEERING and
the book (postpaid) by return mail.

2.00
1.50
2.50
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THOMAS & SKINNER STEEL PRODUCTS COMPANY
1100-1120 East Twenty-third Street, Indianapolis, Indiana

Permanent Magnets
TRADE

For over 25 years our

NE

has been an outstanding guarantee of

MARK

Reliability- Quality Service
Permanent Magnets for Radio Use

The Qualities of Permanent Magnets

We manufacture a complete line of high grade permanent
magnets to meet the particular needs of the radio industry.
These include magnets for Loud Speakers, Speaker Units,
Head Phones, Rectifiers or Magnetic Chargers and certain types
of Recording and Indicating
Meters.
Our engineering department is
fully equipped for testing magnet
steel, permanent magnets and
instruments. It will be to your
advantage to send us your specifications and requirements and
let us quote you.
On request we will send you
a copy of a booklet "Permanent
Magnets" an interesting, informative and authoritative
treatise by John Walter Ester line, formerly chairman of the
Committee on Magnetic Testing
of the American Society for
Testing Materials.

The design of a machine or instrument in which permanent magnets are used is based upon some known or
assumed qualities of the magnets to be used, and good
design requires that the magnet.
in its design, be adapted to the
use to be made of it and the
conditions under which it is to
operate. When this has been
done, it is necessary that the
magnets be uniform in quality,
otherwise the finished product
will vary in quality, accuracy or
efficiency by the same amounts
as the magnets do.

Generally speaking, there are
two things which measure the
quality of a permanent magnet
-usually called the magnetic
qualities. They are: (1) The
residual induction or residual
magnetic flux. (2) The retentivity or coercive force.
The best permanent magnet is
the one in which both these
qualities are at the maximum
value obtainable, and it requires
long experience in the selection
of steel and the utmost care and
skill in the treatment of it to
produce permanent magnets
which are uniformly high in both
residual induction and retentivity.

-

Metal Stampings
We are equipped with Wright
Dieing Machines and punch
presses giving us a large capacity
for blanking Transformer laminations from Silicon steel as
well as blanking and stamping
other metals for various pur-

Why Thomas & Skinner
Products Excel

poses.

Tools and Dies

The accumulated experience of
over 25 years in the perfecting
We have a well equipped Tooi
of processes for the manufacture
Shop manned by expert tool makof permanent magnets is the
We not only make all of
ers.
Types of Permanent Magnets Manufactured by
basis for the generally accepted
our own but make tools and dies
Thomas & Skinner Steel Products Co.
fact that Thomas & Skinner
for others who require high
products are representative of the best that can be made.
grade tools accurately made which will give maximum
Every magnet bears our trade mark, which is a guarantee
production.
that it has been carefully and honestly made and tested.
A trial will convince you.
Any inferior magnet of our manufacture sent to us will
be replaced by a good one without cost.

New Plant of the Thomas

&

Skinner Steel Products Co.

Increased facilities. new and improved machinery' and a brick, steel and concrete
building go far toward insuring you a prompt and unfailing source of supply.
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AN ANNOUNCEMENT
Introducing a Line of Filter and By -Pass
Condensers of Unimpeachable Quality
FOR thirty

five years, Automatic Electric Inc., one of the largest
manufacturers of communication equipment in the world, has been
producing fixed condensers to meet the rigid specifications of large
telephone companies. Thousands of these condensers, installed twenty
or more years ago in connection with telephone exchange equipment
where they are subjected continually to high voltages, are still giving
satisfactory service.

The long life of the condensers produced by Automatic Electric Inc.
is due to special and exclusive processes of fabrication which render
them particularly fitted for the high voltages and other conditions
peculiar to radio power devices.
To meet the growing demands of the radio business for better filter
and by-pass condensers, arrangements have been made with Automatic
Electric Inc. to supply condensers of the finest quality, both as to
material and construction, to the radio trade and to manufacturers of
radio apparatus.
The company's condenser department has been
enlarged and production increased to take care of these growing
requirements.
The engineering and manufacturing organizations of Automatic Electric
Inc. are devoted solely to the design and production of communication
apparatus of the very highest quality. Its immense resources and its
engineering personnel, under the leadership of electrical experts of
world -wide reputation, guarantee a product beyond reproach. The
company has placed its engineering and research facilities at the disposal
of all interested parties, and assistance will gladly be given in designing
condensers to meet particular specifications or for adaptation to particular products. Address all communications to:

A.G.BURT,

J

.

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

REPRESENTING
`

TROWGER$ $ AUTOMATI

CONDENSERS
MADE
Electric Inc.
Automatic
CHICAGO, U.S A.
BY

Ì1Ì

1
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Here's

a Radio Panel Material

- easily

- quickly

-and clean

=ARTA
the

Permanent
Panel
Material

that will really Punch/
MICARTA is tough. It will take the
punch with never a chip or crack around
the holes. Use it for sub -panels, terminal
strips, tube panels, or any other part requiring
high insulating qualities and great strength.
The above radio parts illustrate a few of the
innumerable sizes and shapes that can be
punched from Micarta plate at a single stroke.
Micarta radio parts for volume production,
punched and decorated to your specifications,
can be obtained from-

Micarta Fabricators, Inc.
500 South Peoria St.
Chicago, Ill.

309 Canal St.

New York, N. Y.
Westinghouse Electric
East Pittsburgh

As

Manufacturing Company
Pennsylvania

ease Omen, In All Principal Cities of

the United States and Foreign Countnes

Westinghouse
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Scientifically
Engineered
CeCO

is the
scientifically engineered tube, the
laboratory tested tube, the tube endorsed b}radio
authorities including Browning, Lynch, Coqkaday,
Harkness, Hurd, Best, Bernard, Henney, Millen,

and others.
Select the types of
receiver.

CeCo

tubes best suited for your

There's a type for every need:

General Purpose Tubes
Special Purpose

Tubes

Filament

Type

Rectifiers

Power Tubes

and A. C. TUBES

Order From Your Dealer
This Special Combination of
Ceco Radio Tubes
for Maximum Efficiency in the
New "IMPROVED ARISTOCRAT" Circuit, as Specified by the Designer,
Arthur H. Lynch.
1

Write for Data Sheet
giving characteristics of
all CeCo Tubes.

1

Type "K" Spec. Complete
R. F.
$13.00
Type "H" Spec.
Det.

2

Type "G" Hi-Mu
20

1

Type "F" Power
(112)
C. E. MFG. CO., Inc., Providence, R. I., U. S. A.
Largest Exclusive Tube Manufacturers in the World

Chart showing longer life
and steadier performance
of CeCo Tubes.

C
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The Problem of the Battery Set
Observations on Series and Parallel Filament Connections for the
Operation of Receivers from A. C.
By Victor Greiff
PART I
THE writer realizes that in addressing the readers of RADIO
ENGINEERING, he faces a varied,
highly informed circle of
readers, and is subject to direct comparison with some of the foremost
technical authorities and most scholarly analysts in the profession, but
begs immunity from much possible
criticism on the ground that he merely
submits observations and experience,
without any claim to fundamental
scientific accomplishment, or novelty.
A Condition
No one will contradict me when I say

that the whole radio industry today

is confronted by an unprecedented condition of a radical change having come
about almost instantaneously by the
release of the new tubes and their

almost universal adoption.
Close upon this, well known quantity
producers have sprung the surprise of
sets for these tubes at prices but little
above the price of their battery models
three months ago. As most of us know,
the intrinsic values in a power plant
are large compared to the set, perhaps
greater if good audio transformers and
a case are not included in the latter.
So it seems that we face a real condition of trade disturbance -to put it
mildly.
At the same time, the industry offers
the consumer marvelous power amplifying sets, (I use this term for those
having a 210 or equal in the last
stage) at prices not so high compared
to the values included, and the writer
does not doubt for a moment that this
de luxe business will go right on with
the irresistible sweep of prosperity and
progress.
Can our optimism, however, extend
so far as to include the expectation
that the millions of present owners of
sets will straightway scrap them and
buy the new electric sets?
Again the answer is probably to be
found in psychology and sense rather
than in engineering formulae the set
owner, unless be is of the class that
can afford to give away his old set
will usually spend more on auxiliaries

:-

Ino.

-

Chief Engineer, Radio Receptor Co.,
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and improvements than the set cost
and many times more than its worth
just like the Ford owner and the multitude of attachments ; an example of
this is to be found in the immense
sale of electrolytic and trickle devices
sold at high prices as "Socket Powers,"
whatever that term may mean.
Summing up the situation, it seems
to me that the important question for
every man in the radio industry today
is-"What shall I do ? coming from
the owner of every battery set.
Of course, the holders of battery sets
in the trade are most interested, in
order to move their merchandise.
The designer of new sets for production will find little new in what
the writer has to say-he knows the
facts and generally agrees with the

"-
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(according to terminology approved by
the "Better Business Bureau ") are
about parallel with the manufactured
types of this class of set.
The writer was an early advocate
of the rectified current series string
set using 201 -A's, and at that time the
rectifying unit was the best of its kind.

Rectifying Filament Supply
Rectification was accomplished by
two two-ampere tungars. As these were
only called upon for a trifle over
ampere -together-they were in no
danger from overload.
However, a
little difficulty was sometimes experienced in getting them to operate at
the high output voltage of 120 volts.
A contributory cause of this is found
in the fact that in these circuits the
valve on the reverse half wave has the

CYCLE

0

-FIG.I
Disturbing effects

in

a

-

H2 type tube. A.C. operated.

effect and

B

conclusions, judging from the designs
of sets being released on every side.
It may be possible to destroy all the
value of existing battery sets -just
discourage the owners to the point of
junking them -or "trading them in"
for a mythical "allowance" amounting
to a price cut on the new set, but I
can see here a marvelous opportunity
for all the radio service organizations,
"Community Set Builders "-"Radio
Doctors," and all those who are depended upon by their friends for guidance.
It is up to every technically informed radio man to answer this SOS,
which may well be interpreted "Save
Our Sets," whence the importance of
this discussion of ways and means.

Possible Methods of Conversion
The methods of converting a battery
set to an "Electric All Electric" set

the potential effect.

A is the thermal

double peak voltage impressed across
it, and some of these bulbs arced and
flashed under this condition. Recently,
an experienced service man showed me
that such bulbs could be cured by
"seasoning" a few minutes without
plate voltage-perhaps some loose material in the wrong place is distilled
off.

The filter required for this rectifier
was very heavy
choke weighing five
or six pounds, and about sixty microfarads capacity.
While some systems claim to accomplish results with a fraction of this
filtering, it is noted that systems filtering filament current almost all involve
liquid condensers, sometimes frankly,
or covertly as "colloid" or paste, or
semi -dry "units." Sometimes these
units have been found to operate the
set tubes for some hours after being
entirely disconnected from the line, the

-a
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rectifier and the transformers, thus revealing their chemical nature.
Such flagrant offenses against engineering codes are cited merely as an
indication of the difficulty of filtering
filament current. Most of these devices
intended for popular use as "A "elminators, attempted to furnish current for multiple operation of the
tubes, but conservative engineering has
generally avoided this method with
great care.
It will be well at this stage to
consider some of the fundamentals of
filtering, so perhaps to gauge the problems involved.

plied electrics, and practically amount
to the complete loss of the permeability of the iron-the choke must be
designed with a certain volume of air
gap, turns enough to energize it, and
massive core to hold the winding, distribute the Jinx over the air gap, and
itself remain a negligible factor,
threatened by saturation, and working
at low permeability.
Series filament circuits are more
promising, filtering one-quarter ampere
at say thirty volts is not impossible,
the writer's experience was with filament plus plate current, about 300
mils, filtered at 120 volts, and the arrangement described gave excellent
filtering. In series systems filtering
must be unusually good
must be
remembered that any fluctuation is immediately imposed on all audio grids,
including the detector, as there is more
or less grid to filament potential, generated by filament drops, and, of
course, fluctuating with them, and this
is then given all the amplification of
the set.
The outstanding successful rectifying job has been the Radiola 28, A.C.
operated. This is a series string of
199's, and while a dozen microfarads
are ample to give ordinary good filtration at 400 volts, yet it seemed necessary to the designers to use an additional condenser pack across the
various filaments to hold down these
grid fluctuations, which would be
amplified into the output. This condenser pack which the writer advised
continuing with the new power pack
designed for this set, totals thirty -two
mfds, in addition to the filter condensers.
This being the case for a string circuit
drawing .060 amps, the writer admits
cowardice in facing the commercial
problems indicated by the above simple
calculations, when the current is increased four or five times.
This leads to an investigation of the
properties and operation of A.C. tubes,
and of this many of my readers are at
least as well informed as I.

-it
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-FIG.2The

effect of the emission characteristic upon fluctuation.

Roughly speaking -the condensers of
a filter system must store up a charge
at or near each "peak" of the A. C.
which is given up during the time when
the voltage applied through the rectifier is below a certain level.
This time of discharge does not vary
widely-for full wave rectification, it
is, of course, somewhat less than a

half cycle.
It will appear from this that (since
the time element is substantially
fixed), the amount of current we can
draw depends on the capacity, and the
permissible fluctuation in volts. Of
course, the latter is a matter of
much discussion, but obviously the
higher the filtering voltage, the higher
the permissible fluctuation. If all
other things are constant, and the same
percentage of fluctuation held, it will
require one thirtieth more of the
capacity to filter at 180 volts than it
does at 6 volts.
If now we top this by asking for
two amperes instead of fifty mils, we
again increase our problem forty times,
or the problem of parallel "A" supply
is perhaps 1200 times as difficult as
the ordinary "B" eliminator.
Furthermore, we run into the inter eating but expensive phenomena of
choke core saturation, which end up in
calculations of air gaps which are
well known in other branches of ap-

A. C. Tubes
About two years ago, it was announced and demonstrated that by
carefully controlling filament, plate and
grid bias, the 112 tube could be satisfactorily operated on "raw" A.C. in all
positions in a 5 -tube neutrodyne, except the detector.
This tube was the 5 -volt, 1/2 ampere
type, and not previously considered
suitable for A.C. operation.
While this practice is no longer followed, we are indebted to its sponsor
(Miessner) for the first published
analysis of the factors underlying A.C.
tube operation.
Briefly, there are two causes for disturbance when a tube is operated on
alternating current. First the cyclic
variation of plate current due to the
fluctuation of filament temperature and
therefore emission, and second, an
electronic effect due to the difference
of potential between the ends of the

filament. Both these effects are of
double frequency in effect, and it was
shown that they tend to oppose each
other, and by adjusting values properly, they were made to practically
neutralize. As it developed in practice,
a little "juggling" was required to keep
these effects in equilibrium, and the
obvious solution seemed to be to reduce
both of them substantially, and make
adjustments unnecessary.
A

learned research expert present

at the time said that since the heat
effect was quadratic, and the other effect of the first power, theoretically
they could never completely neutralize, but this is rather splitting hairs.
The shape of the curves is shown in
Fig. 1. It seemed clear to the practical
minded that if these effects were both
reduced substantially, the A.C. tube
would be with us.
Taking first the effect of rise and
fall of potential across the ends of the
filament -all other things equal-this
can be reduced directly by operating
the filament at the lowest possible
voltage. A little reflection reminds us
that all we are trying to accomplish
is to heat a piece of metal and the
lower the voltage and heavier the current, the simpler and more rugged can
this be. The limit is theoretically to
be found in the wiring losses, and
would probably be troublesome if we
attempted to draw many amperes at
less than a volt. So one volt has been
the low limit of A.C. filament potential
in practice up to date, and the 226 is
rated at 1.5 volts, drawing about 1
ampere.
Roughly, therefore, the possibility of
disturbance from potential is reduced
to about one quarter, in these new
tubes, as compared to the 112. There
are other conditions entering, which
make this reduction still more marked,
and in fact this tends to become a
vanishing quantity.

t

-FIG.3Grid return potentiometer may be
used to give known disturbance.

Considering now the effect of filament temperature fluctuation, this is
reduced by
(a) The cross section of the filament, i.e., its heat capacity, compared
to its cooling surface.
(b) The emitting characteristic of
the filament
the variation of emission with temperature (filament current) is practically nil for a consider-

-if
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able percentage variation, (tested
under continuous current condition,
let us say) (See Fig. 2, B), then a
given amount of cooling between
cycles will have comparatively little
effect upon the uniformity of the plate
current.
(c) The actual temperature of the
filament is not to be overlooked, as the
rate of loss of heat is probably mostly
by radiation, which follows a fourth
power law, which like compound interest, runs up fast.
Summing up, we find that the thick
coated filament of the 226 which develops almost full emission at twothirds the rated voltage, and operates
at the lowest temperature of any
emitter yet produced, is admirably
suited for A.C. operation.
The very minute filament fluctuations supposed to be present, probably
are balanced by the potential effect, as
in the case of the 112, above described
but they are both so minute as to be
difficult of demonstration in a two
stage amplifier with a 210 in the output stage. If, however, the plate voltage and grid bias are varied over very
wide limits, (far out of the useful
operating range of the tube) a hum
can be produced, indicating that under
working conditions the same important
phenomena noted by Miessner in the
112 are working in our favor here, to
eliminate even the last theoretical
traces of fluctuation in the output, in
fact the components themselves are
negligible.
The tolerance of the ear to 60 cycle
hum, measured in volts on the grid of
a tube, may be readily tested by means
of a circuit containing potentiometers
for grid returns. See Fig. 3.
In this way a displacement of 10%
from the neutral i. e., 0.15 volt R.M.S.,
A.C. on the grid of the first audio
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stage, entirely destroys the quietness
of an amplifier with a 210 last stage
and a good responsive loudspeaker.
It is difficult to say exactly what this
would represent calculated back to the
detector grid, but with a four to one
transformer ratio and the usual low
detector plate current favoring low frequency amplification, it is likely that
something at least of the order of 10
would be realized in voltage amplification, or we may roughly estimate .015
volt as the extreme tolerance limit for

detector grid disturbance.
If we obtain anything like theoretical
amplification from one transformer
and tube, the voltage gain should be
7x4 --28, which would give a still lower
tolerance, about .006 volt.
Whichever of these values is the
limit, the 226 is not recommended as a
detector, though it has been found excellent as a first detector in superheterodyne circuits.
If, for example, a 199 were used as
detector on rectified A.C. as mentioned
above, at 3.3 volts filament, it may be
considered that if the filament voltage
fluctuates, half of this fluctuation
takes place between the grid and the
filament, as the grid returns to one
end of it.
Using the largest tolerance, and comparing it with half the filament voltage (.015 -1.66 =1% about) it is seen
that a one per cent. voltage fluctuation
would spoil results even though temperature, emission, etc., did not pulsate,
which is far from the case, and the
detector problem is by far the most
difficult one in the field of filament
energy supply.
The answer of course, has been to
"unscramble" heater and emitter, in
the so called heater type tubes, and
while these were at first considered a
great problem, improvements in cera-

mies for the insulator, metallurgy for

the various parts, and emitting
materials for the cathode coating, have
made these tubes remarkable in performance. A glance at the low working heat of a coated filament, e.g., the
280 full wave rectifier, inclines one
to believe that it should be no trick
at all to heat a bit of foil to that temperature and so it seems to be, as these
tubes are now produced in quantity
with excellent results.
The heater type tube proves excellent
as a detector, the others, using A.C. in
the filaments are very similar to
201 -A's, though of noticeably greater
energy output, and operate excellently
in all other positions of all sorts of
circuits, and the basis seems to be laid
for consistent and continuous progress
in rendering almost all sets "electric
all-electric" In this fashion, and with
the experience of the set manufacturers to learn from, though power izing units for existing sets were
actually ready and offered before any
of the corresponding crop of A.C. sets
was announced.
These A.C. tubes are neither of them
of the output capacity which we have
learned to demand of the last tube of
the set. In this position we choose to
use the 210 whenever possible, as its
low plate impedance makes it a great
conserver of low frequencies. The 171
is almost universally used in the
lower -priced outfits, due to the additional cost, principally of plate supply
and filter and also of the larger tube.
Of course, the 210, with 1.25 amps
in its heavy filament is eminently
suited for A.C. operation, particularly
in the last stage.
(The next instalment will tell of circuits, circuit changes, methods, and
experience of applying A.C. tubes to
existing sets.)

A New Development in Television
Simplified Equipment Adaptable to the Home
three different points in the
city of Schenectady groups of
engineers, scientists and newspaper men standing before the
first "home television sets" ever to be
demonstrated, saw the moving images
and heard the voices of a man and a
woman transmitted from the research
laboratories of the General Electric
Company several miles away.
So lifelike were the lights and
shadows reproduced from the research
studios that the curl of smoke from
a cigarette and the flash of an eye
were transmitted by radio just as a
picture unfolds on a screen.
The first home television set is of
very simple construction, not unlike
the familiar phonograph cabinet in
size and exterior appearance. It was
developed by Dr. E. F. W. Alexanderson, consulting engineer of the Radio
AT

t.-

Corporation of America and the General Electric Company and his assistants in the laboratory.
In this instance the transmission of
the moving object was made on 37.8
meters wavelength while the voice was
simultaneously sent through the air
on 379.5 meters, the normal wavelength of WGY. The receiver which
Dr. Alexanderson used differs from the
ordinary short wave receiver in that it
converts the electro-magnetic wave into
light instead of sound and the light
becomes an image corresponding in
movement to the action of the artist at
the transmitting end.

Elements of Television Receiver
The elements of the television home
receiver are a light source, the scanning device and the synchronizing
system. The signal, or electro-mag-

netic wave from the television transmitter, is received in equipment designed to receive modulations as high
as 40,000 cycles. The amplifier is
substantially the same as the usual
form of A.F. power unit. The receiving
system differs from a modern loud
speaker system in that a neon gas
filled lamp is substituted for the loudspeaker. The amplified current is delivered to this lamp, known as the
Moore lamp, which responds to the
intensities of the current and gives
fluctuations of the light intensity.
The scanning disc is 24 inches in
diameter with 48 small holes, each hole
35 mils in diameter and arranged in a
spiral so that each of the 48 holes
will pass each other and trace successive lines of the picture, completing
or literally painting a picture in one
revolution. In other words, if the disc

e
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Development of Transmitter and
Receiver
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were revolved very slowly a ray of
light through successive holes would
trace over the entire object. The disc
is revolved by a standard motor,
similar to those used in household
devices such as the washing machine
or vacuum cleaner. The revolutions
occur at a speed of 18 per second,
slightly faster than a film passes
through a motion picture camera. An
observer, looking at this revolving disc
as the light from the Moore lamp
shines through these small holes,
would see the image being sent by
radio but this picture would be but 11/2
inches square.
Magnifying lenses enlarge the picture twice so that it is 3 inches
square in the aperature in the front
of the receiver cabinet.
Synchronization of the scanning disc
of the receiver with the scanning disc
of the transmitter is obtained by a
manually operated control, a push button held in the hand, which alters the
speed of the motor revolving the scanning disc. By means of this button,
of the bell ringing type, the picture
may be held in the field of vision with
a little practice, as naturally after a
time as driving an automobile or steering a bicycle.
The reproduced picture or object has
a pink color, which is characteristic of
the neon gas used in the Moore lamp.
D. McFarlan Moore, inventor of the
lamp and an engineer at the Edison
Lamp Works of the General Electric
Company, found in early work that
this gas was most efficient and most
sensitive for reproducing a light which
will go on and off in a millionth part
of a second.
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The Television Transmitter
The transmission system is of the
type using a disc with spiral holes, a
duplicate of the disc in the receiver.
A spot of light is projected on the
object through the moving disc and
the reflection of this light is intercepted by photo -electric cells, which
convert the light to electric waves,
ready for the short wave transmitter.

1111111"III:I".

A view of the
television transmitter, showing
the motion picture arc lamp,
revolving
the
"scanning disc"
and the attendent equipment.
The photo -electric cells are
open to view on
the side of the
metal box facing the young
Th e
woman.
light rays pass
the
through
square opening
in the box.
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Remarking on the television equipment developed by him, Dr. Alexanderson said, "television receivers may be
worked out in a variety of ways according to well -known principles. The
first choice to be made was to select
the source of light. This choice was
soon narrowed down to two alternatives. The light control developed by
Professor Karolus of Leipsig and the
Neon lamp developed by D. McFarlan
Moore of the Edison Lamp Works of
the General Electric Company. Tests
of these two sources of light for television soon convinced us that each
has its own distinct field of usefulness.
When a large volume of light is needed
for projection on a screen the Karolus
system is preferable. The work on
television which I described in a paper
last year was built around the idea of
using the Karolus light control for
projecting television images on a large
screen.
The other light source available for
television was the lamp invented by
Mr. Moore, who proposed this lamp for
television in a paper as early as 1906
but it was not until 1913 that he received a quantity of neon from Sir
William Ransey which enabled him
to construct a practical lamp. While
the Neon lamp does not compare with
the Karolus light in brilliancy it is
more sensitive and easier to operate.
The distinct fields of usefulness of
these two systems thus become evident, -The Karolus light for the large
television projector and the Moore
light for the home receiver.
Most experiments with television in
Europe, as well as America, have used
the Moore lamp. Mr. Moore has developed one television lamp which
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gives a uniform glow over a flat plate
and another which gives a concentrated
light in a cavity in the electrode. An
enlarged and improved lamp of the
first type was one of the important
elements used in the demonstration of
television by Dr. Ives of the Bell
Laboratories last April. The tubular
lamp with 2500 electrodes was also
based on the Moore invention.
One of the features of the demonstration by the Bell Laboratories at
that time appears to be a valuable contribution to the art of television, -the
arrangement of large photo-electric
cells for intercepting the reflection
from a moving spot of light. This
system saves the eyes of the subject
from the glaring light to which he
would otherwise be exposed. The Bell
Laboratories photo -electric system has
been adopted in our equipment for
broadcasting television and will probably prove to be one of the factors
in the development of practical television.
Returning to the design of the
television receiver, we had the choice
between three well known systems-the
mirror drum, the disc with lenses and
the disc with holes. Our conclusion
was that, while the mirror drum and
the lens disc may have certain advantages for television production on a
larger scale, we decided that from the
point of view of television in the home
a hole is more economical than a lens
and 48 holes are more so than 48
lenses.

Synchronization

.

Whenever television has been discussed in the past there has always
been some pessimist who has wound
up the discussion by asking how are
you going to synchronize? The answer
has always been that we will have a
synchronous motor and transmit a
special synchronizing wave or synchronize to the picture frequency or
to a tuning fork. But all these devices
mean higher cost, special amplifiers,
and more things that may get out of
order. We, therefore, simply decided
to leave out all this complication. We
took a standard electric motor made
for household use and are manipulating its speed by an electric hand control. With a little practice and coordination between the eye and the
hand it is possible to hold the picture
in the field of vision. In special cases
when the transmitting and receiving
system are on the same power network the machines may be operated by
60 cycle synchronous motors, in which
case the control button can be dispensed with.

Experiments Continued
Experimental television programs
will be continued to be broadcast from
a laboratory transmitter on a wavelength of 37.8 meters with the accompanying voice transmission on the
regular 379.5 meters of WGY. As soon
as it is found that the range can be
extended the television transmitter
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will be transferred to the high power

short wave experimental station at
South Schenectady. A new transmitter is being built for this purpose so
that the voice and the television can be
radiated simultaneously by two transmitters.

The "Checkerboard" Antenna
We feel the inauguration of this new
development will be the starting point
of practical and popular television.
The transmission is the expensive part
of such an undertaking and we feel
that it is our privilege to provide it.
A new television transmitter is nearly

completed at our South Schenectady
plant. A part of this equipment is a
new type of projector antenna which
is now being tested with music and
voice modulation and favorable results
have already been observed in San
Francisco and Europe. We have called
this a projector antenna because it
does not pretend to be a beam. The
radiation that would be wasted backward and sidewise is saved and
projected in the general direction
where it is desired. After trying
several types of projector systems we
have arrived at a type which we call
the checkerboard antenna. It is built
in a checkerboard pattern ; the sides
of each square being a wire half a
wave length long. All these half wave antennas are connected in such a
way that they oscillate in phase and
require no tuning or adjustment.
A duplicate of this transmitter is

being installed in the San Francisco
broadcast station of the General Electric Company. This plan was decided
on in order to provide means for systematically studying the physical
phenomena of wave propagation over
long distances. Television will here
serve as a means to an end, but in the
determination of wave phenomena one
thing is certain, that the eye is infinitely superior to the ear for ascertaining facts and for a critical analysis

and comparisons. This has already
been proven by our television tests in
Schenectady. Occasionally when we
"look -in" on television at our homes
uptown we observe a visual echo of the
wave from the electronic layer on the
upper atmosphere. The evidence of the
echo is that two images appear side
by side instead of one. The echo image
is usually displaced a distance, corresponding to one fifteen hundredths
of a second, showing thereby that the
echo wave had traveled about 200
kilometers and yet the echo image is
occasionally as strong as the direct
image which traveled only a few kilometers. Such phenomena can obviously not be observed by the ear.
What we may learn about wave
propagation by systematic study of
television across the continent is something we can only vaguely imagine,
but we do feel without any doubt that
television is the new tool by which we
are going to explore the secrets of
space.
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A New Band Selector
"On the Distortionless Reception of a Modulated Wave and Its Relation
to Selectivity"*
By Frederick K. Vreeland
ideal solution of the problem of distortionless reception
of a modulated wave is a system which has a substantially

THE

rectangular frequency characteristic,
that is, one which gives substantially
uniform reception over a definite band

of frequencies, including all the side
band frequencies of the modulated
wave, with a sharp cut -off for frequencies outside this band. Such a
system in its ideal form would give
distortionless reception, with a selectivity that is limited only by the overlapping of an interfering wave with
the signal band. The closeness with
which this ideal has been approxi-

mated will appear later.
The problem admits of two distinct
solutions.
1-The use of one or more band
selectors, each of which possesses a
substantially rectangular frequency
characteristic.
2-The use of two or more receiving
elements whose individual frequency
characteristics are not rectangular but
which in combination have an overall
characteristic that is substantially

rectangular.
Again various combinations of these
elements are possible. For example we

-

may have
a-A band selector with a flat amplifier
b-A band amplifier
Various combinations of band
selector and band amplifier.
All of these solutions have been developed into practical working receivers.

c-

The Band Selector
A band selector has been developed

which meets the three stated conditions

Radio EnCourtesy of Institute of Annual
Congineers. Paper Dpresented at
Ci y. C
York
EHe
e
R.
vention of

Neu+

b

FI G.1
a
Generalized schematic diagram of
band selector. X, and X, are two
reactive couples. X, is the bridging or band -forming reactance.

t. e., fidelity, selectivity,

and simplicity.

It comprises in general a system of
reactances so related to each other that
they are mutually balanced, not merely
at a single frequency as in the case
of the ordinary tuned circuit, but also
at any frequency within a given band.
At any frequency outside of this band

the reactances are not balanced and
the unbalanced reactance is high. As a
result of this property, the band selector unit responds with substantial
equality to all frequencies within its
characteristic band and is non -respon-

FIG.2
Vector diagram showing the phase
the
relations of the currents in
i
band selector. I,, 1, and I, represent the currents In the branches
X,, X, and X, respectively. (Fig. 1.)

sive to frequencies outside this band.

When the system is suitably designed
the cut -off at the limits of the band is
very sharp. The electrical and mechanical construction is exceedingly
simple, and frequency adjustment is
obtained by means of only two variable
elements operated by a single control.
The band selector is shown in generalized form in Fig. 1. It employs
two reactive couples X, and X,, preferably alike, each having a capacitance and an inductance that are balanced within themselves at the same
frequency, together with a third reactance X, which is common to both. This
third reactance is small in relation to
the reactances of the two reactive
couples and may be either inductive or
capacitive.
An input electromotive force is impressed on the system in any suitable
way as at E and the output is taken
off in any suitable way as at S. At
a particular frequency F,, this being
the frequency at which the reactances
of the couples X, and X, are balanced
within themselves, the overall reactance of the circuit including X, and X,
will be zero, current at the frequency
F, will circulate through the branches
X, and X, without traversing X., and
the system has zero reactance at this
frequency.
At any other frequency the reactive
couples X, and X, will not be balanced

within themselves. The result will be
a potential difference across points a,
b, the terminals of the bridging reactance X,. If the frequency is lower
than F, the reactances of X, and X,
will be capacitive. If now the reactance X, is inductive, it will tend to
neutralize the unbalanced capacitance
of branches X, and X,, provided their
combined reactance is no greater than
X,. In that case current will flow
through X, of such amount that the
reactive electromotive force across
points a, b. due to the current in X,, is
equal to that due to the currents in
X, and X,. The phases of the currents
in X, and X, will adjust themselves
so that I, is equal to the vector sum of

I, and
The operation of the band selector
unit may be more readily understood
by reference to the vector diagram
Fig. 2. Let the currents set up by the
impressed electromotive force E in the
three branches X,. X,, and X. be I,, Is
and I, respectively. These three currents are considered positive when they
flow in the direction from the common point a of the branches to the
common point b. Since the total current flowing into or out of points a and
b must be zero, the current Is in the
common reactance X, must be equal
and opposite to the vector sum of currents I, and I, in the other two
branches. This relation is shown by
the vector diagram Fig. 2, I, being regarded as fixed and I, rotating with
relation to I., with the phase difference O. For any value of 56 the current indicated by the vector Is is the
third side of the triangle formed by 7,
and I,.
In the case of a symmetrical system
where the branches X, and X, are
F2

F1

t-,

\
M

N

FIG.3
(comFrequency characteristic
puted) of the band selector shown
in Fig. 1. Note the steep gradient
of the cut -off, F,M and F,N, and
the sharpness of the band at the
base compared with the resonance
curve (dotted).
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tern that will prevent the flow of cur-
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alike, the currents I, and I, will be
equal the current 1, will have the
value:

I,= -L-I

-21, cos

2

It thus appears that the current in

the common reactance Is varies between the limiting values -2I, and
zero, as the phase difference 4, between currents I, and I, varies from
zero to 180 °.
This phase relation depends upon the
frequency of the impressed electromotive force in the following manner.
Since the points a, b, are points of
like potential difference in the three
branches of the system, the current
distribution in the system must be such
that the reactive electromotive forces
in the three branches are equal, that is

the currents I, and I, will have a value
lying between zero and 180 °, the resulting current I, will have a value
intermediate between -2 I, and zero,
and the reactive electromotive force
across X, will have a corresponding intermediate value equal to the reactive
electromotive force in the branches X,
and X:.
The reactances of the system as a
whole are thus completely balanced at
any frequency between the limiting
values F, and F. and the system will
transmit freely any frequency in a
band comprised between these limits.
When X. is an inductance the fre-

rn nu

x,/,=x, I, =x, 1,
In the case of symmetry this becomes
re,

I,-x, Ii= -2x, I, cos

Carrier frequency,

-

635

kc.

Effective band
width, 18 kc

2

or

unnnnmi ninin,unn rmmmmnr

Fig. 4. Oscillogram showing the
frequency
characteristics of an
actual band selector correspondIna to
Fig. 3.

1111111,11111IOII1lI1,0I11,11I0,1,1I1.11111

x,

=x -2x, cos

2

For the other limit where 4 equals
zero this becomes
x,=x>= -2x.

For the other limits where
x of 180°,

equals

In other words there is a limiting
frequency F, at which the reactances
are balanced when the phase difference
between I, and I, is zero and the current in the common reactances X, becomes equal to twice I,, and there is
another limiting frequency F, at which
the reactances are balanced when the
currents I, and I, differ in phase by
180° and the current in X, becomes
zero. This latter frequency is the one
at which the reactances of the reactive couples X, and X. are balanced
in themselves, and the current circulates wholly through the branches X,
and X,, no part of it traversing X.
At the former frequency the reactances of the reactive couples X, and X,
are not balanced in themselves, but
they are completely balanced by the
reactance X. when the entire current
of both branches flows through X.
At any frequency between these
limits, the phase difference between

quency F, is lower than F, When X.
is a capacitance F, is higher than F,.
Since the phase difference between
I, and I, cannot be less than zero or
greater than 180 °, if the impressed
electromotive force has a frequency
lower than the limiting frequency F,
or higher than the limiting frequency
F,; (or vice versa when X. is capacitive) there is no possible phase adjustment which will cause the reactances to balance, hence there will
be an unbalanced reactance in the sys-

rent.
The above analysis neglects the resistance of the system. If the resistance and other losses are low, as they
should be, the cut -off at the limiting
frequencies is very sharp, and the frequency characteristic of the band selector unit has the form shown in

FIg. 3.
The width of the band depends upon
the relation of the reactance Is to the
other reactances of the system. Thus
if X, is an inductance, the band width
depends upon the relation of this inductance to the inductances L, and L.
If the reactance X, is a capacitance the
band width is determined by the relation of the capacity reactance of Is
to the capacity reactance of C, or C,.
It is of interest to'note the relation
of the frequency characteristic of the
band selector unit to the characteristic
of a tuned resonant circuit. Thus if
the common or bridging reactance X.
is omitted the two branches X, and X,
together constitute a resonant circuit
tuned to a certain frequency F,; this
being one of the limiting frequencies
of the band of the selector unit. The
resonance curve of such a tuned circuit is shown by the dotted lines in
Fig. 3 in its characteristic sharply

peaked form.
When the common reactance Is is
added to the system the curve takes
the band form shown in full lines, the
limiting frequency F, corresponding to
the natural frequency of the tuned circuit and the limiting frequency F.
being below or above this frequency,
depending upon whether the reactance
X. is inductive or capacitive.
When the reactance X. has a suitable small value in reference to the
other reactances the widths of the two
curves at the base are substantially the
same, showing that the uniform band
reception is achieved without any loss
in selectivity, but rather with a noteworthy gain, as will now appear.
The frequency characteristic of an
actual selector of this type is shown
in the oscillograph record Fig. 4. It
will be noted that the band is substantially rectangular, the sides being
almost vertical. The gradient of the
cut-off is very much sharper than that

FIG.6
o

Schematic diagram of a receiver including three band selectors, the first
selector including a collecting loop L, and the second and third selectors
being used as interstage couplings in a radio frequency amplifier.
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of a resonant circuit made up of similar reactances.
With the band selector the characteristic is broadened, giving perfect (not
approximate) side band reception, with
no loss in sensitivity and with a great
gain in selectivity.

Applications of the Band Selector
The generalized band selector Fig.
1 may be readily adapted to radio reception by antenna or loop. Such an
arrangement using an antenna is
shown in Fig. 5. The antenna coil
.

x

In this arrangement each of the
selective elements has in itself a substantially rectangular band characteristic. With two or more such units
combined in an amplifier the over -all
frequency characteristic has a similar
rectangular form with a sharper cutoff. Increased sensitivity and selectivity are thus secured with no diminution in the band width. This is in
marked contrast with the tuned radio
frequency amplifier, where an increase
in the number of stages inevitably narrows the characteristic. When the vaOUTPUT

r

o

a

c

At

ó

X2

F
s

FIG.B
o

Schematic diagram of a receiver including a single band selector coupled
to a spaced band amplifier. Ls, Ls are the spacing inductances.

P, preferably with a step -up ratio.
The capacity introduced into the
branch Xi by the antenna is compensated by a fixed capacity C. in the
branch Z. In order to permit compensation for an antenna of any de-

rious band selector units are made
alike, as they may readily be, the
whole system, including the compensated antenna selector, is symmetrical
and all the variable elements may be
operated by a single control, as shown.

Fig. 6.

In the band amplifier of the second
type the several stages have different
frequency characteristics which are not
rectangular in themselves, but in combination they produce an over -all band
characteristic. This is done in the
manner illustrated in Fig. 7 where 1,
2, 3 are of the individual characteristics of a three stage amplifier. These
will have in general the characteristic
form of a damped resonance curve, and
they are made similar but differently
spaced in the frequency scale. When
the three stages are combined in an
amplifier the over-all characteristic
does not follow the geometric law, as
in the case of synchronously tuned
stages, but has a form totally different from that of the resonance curve.
In general there is a certain spacing
at which the over -all amplification becomes substantially constant over a
considerable frequency band, and drops
off abruptly with a sharp cut -off at
the extremities of the band, as shown
in curve 4, Fig. 7. The cut-off is very
much sharper than that of the component characteristics ; in fact is much
sharper than the gradient for a three
stage synchronously tuned system of
the same damping. When the circuits
are made with small damping and the
correct spacing the characteristic is
substantially rectangular. If the spac-

sired capacity without disturbing the
frequency calibration of the system an
additional variable condenser C. is inserted, which makes up the difference
between the capacity introduced by the
antenna and the capacity C., so that
the symmetry of the system is secured.
The adjustment of C. is made arbitrarily until the signal strength becomes maximum, after which no further adjustment of C. is required for
a given antenna. The sole frequency
adjustment is that of the two coupled
condensers C, and C2.
It is of interest to note that any lack
of symmetry in the system that might
result from careless or imperfect adjustment or the capacity C=, within
reasonable limits, does not materially
alter the band form of the characteristic but merely reduces its amplitude.
The band selector may be used in a
variety of ways. It may be employed
as the sole selective element of a receiving system, feeding a flat amplifier, as shown in Fig. 5. This makes
a system of great simplicity and high
efficiency, and with sufficient sensitivity and selectivity for ordinary broadIt is particularly
cast reception.
adapted to use in the metropolitan
areas.
The band selector lends itself readily to use as an interstage coupling
element of a radio frequency amplifier. Such an arrangement is shown in

The Spaced Band Amplifier

ing is closer than the optimum value
the over-all characteristic will have a
bump in the middle. If the spacing
is greater than the optimum there will
be a double peak. The value of the
optimum spacing depends upon the
form of the individual characteristics.
The spacing may be secured in a
variety of ways. Thus the coupling
coils or transformers may be made
with different inductances and the frequency adjusting capacities made
alike, in which case the band width,
measure as a fraction of the carrier
frequency, will be uniform over the
range of the frequency adjustment. Or
the transformers or inductive elements.
may be made alike and the capacities
different, or both inductances ands
capacities may be made alike and a
small spacing inductance added to each.
of the lower frequency stages. From.
a practical standpoint it is usually desirable to make the coils and capacities alike and to add spacing inductances or spacing capacities to the lower.
frequency stages, as shown in Fig. 8.
An important feature of the spaced
band amplifier is its inherent stability..
Since the several circuits are not
synchronized, the tendency to regeneration and oscillation is small. In.
addition to its inherent stability other
features are employed which make the
amplifier exceedingly stable. These
features include an astatic winding of
the coupling coils or transformers,
which renders magnetic coupling between the stages negligible, and
.

-

.

.

mutually reversed primary and secondary windings, which cause a phase
reversal of any external electrostatic
couplings, putting the potentials of the
several stages in such phase relation
that they do not cause regeneration.
The resultant of these three features
is an amplifier of such stability that
no capacity neutralization or balancing
of any kind is required, and the
coupling transformers may be placed:
closed together without shielding.
.

Graphs illustrating the principle of
the spaced band amplifier. Graph
4 shows the overall characteristic
of an amplifier whose Individual
characteristics are 1, 2, 3
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The Best Reprodu ion in Radio and
Its Attai mentl
Dealing With the Design and Frequency Characteristics of Radio and
Audio Frequency Amplifiers, Detectors and Loudspeakers
By Paul G. Andres*
TWO major problems in radio
reception have engaged the attention of the scientist, engineer, designer and inventor.
The first of these problems is the attainment of simplicity of installation,
of operation and maintenance of the
radio set. It is met by the completely
self contained receiver utilizing a loop
or short aerial, single control with attendant ease of operation and finally
by the development of the socket
power operated set which reduces the
maintenance to a minimum.
The second problem in radio reception, with which this paper concerns
itself primarily, is as vital as the first.
It consists in the realization of a perfect amplifying radio and audio frequency band system, complete demodulation of the incoming carrier and
the development of a reproducing device capable of recreating the sound
energy as it exists before the microphone. Restated, the latter problem
resolves itself into evolving a radio
frequency system having frequency
characteristic which passes or amplifies the carrier and side bands with
no modification.
The demodulating
device or detector should separate the
carrier from the side band in such a
manner that the latter remains without distortion. The audio frequency
'Paper presented at meeting of R. M. Ain Chicago on Jan. 5.
Chief Engineer, Temple, Inc.

EFFECT UPON INTERPRETATION OF ELIMINATING
VARIOUS PORTIONS OF THE FREQUENCY RANGE.
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-FIG.2Delineation of the frequency characteristics of articulation. It will be seen
that this depends primarily on the higher frequencies.

system must be a perfect amplifying

band pass filter covering the required
frequency range. Last but not least,
the reproducer or loudspeaker should
create the sense of complete illusion by
transforming the electrical energy received from the audio system into
sound waves with perfect fidelity.
Truly extraordinary results have been
attained in the solution of this problem. It may be in order to review

in a general way some of the factors
which contribute toward the achievement of the goal of perfect reproduction and to consider briefly some of

the factors which require further development before this end can be attained.
Before going into the matter of themechanics of the receiver and loudspeaker, definite knowledge as to thefrequency requirements in reproduction is necessary.

Speech and /Music Frequencies as
Applied to Broadcast Reception
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Characteristic of average speech energy.

3000

3500

4000

1The major portion of it Iles
230 cycles.

within the neighborhood of

The frequency range of speech and
music covers the frequencies from.
approximately 30 or 40 cycles up to
8000 to 10,000 cycles per second. It
has been found that the upper range
may be reduced without greatly affecting the reproduction and present
broadcasting is limited to the upper
frequency of 5000 cycles per second.
In the case of the low frequencies, a
lower limit of approximately 70 or 80
cycles is obtained in broadcasting
governed largely by the amplifying
characteristics of the speech amplifier
used at the broadcast station.
The proper evaluation of these frequencies throughout the speech and
music band has received considerable
investigation within recent years.
Speech has been analyzed into its components by the technical staff of the
Bell Laboratories and Fig. 1 gives
the energy frequency distribution of
average speech as determined by Dr.
Harvey Fletcher of that laboratory. It
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will be noticed that the major proportion of speech energy lies in the
neighborhood of 250 cycles per second
with but very slight energy present in
the frequencies above 2500 cycles. The
articulation in speech, however, depends primarily on the higher frequencies and Fig. 2, determined by
the same investigator, gives the relationship of the articulation with respect to frequency.
Music on the other hand has not
been analyzed as completely as desired
at the present time. Dr. Karl Willy
Wagner of the Telegraph Bureau in
Germany together with a number of
other investigators has determined some
of the main characteristics in music
and finds that this particular analysis
is extremely complex although subject
to solution. The overtones of musical
instruments largely determine the
characteristics of these instruments.
The complexity of the wave form
found in musical reproduction can be
appreciated when one of the modern
electrically cut phonograph records is
viewed. under the microscope. With
this in mind the matter of accentuation of certain frequencies in the audio
frequency range may introduce distortion which is considerably more
noticeable in one part of the frequency
band than in another. The table in
Fig. 3 gives an index of the per cent.
of increase in intensity and frequency
which is just perceptible to the average ear, which incidentally shows that
in order to maintain the best possible
reproduction and to create the illusion
of perfect reproduction, that the recreation of sound should be at the same
intensity as the original.
Numerous tests and investigations
have been made on the response characteristic of the ear. Practically all
of these tests were made in a room of
perfect quiet. Radio reproduction on
the other hand is generally obtained
with a certain definite noise level
present and in order to obtain some
idea as to the frequency response
characteristic of the ear with various
noise levels present, a large number of
tests were made under varying conditions. Fig. 4 shows a device designed
and arranged so as to evaluate the re-

sponse characte stic of the ear. Tests
were made on er one thousand ears
and a number If interesting results

were obtained.
An average
all ears tested, as
shown in Fig. 5, disclosed the fact
that the average layman's ears respond
closely to the results obtained by the
Bell Laboratories in their investigations under quiet conditions.
In this connection it may be stated
that of the many tests made on radio
designers and engineers, imperfections
were the common thing instead of the
exception. It may be that listening
tests or unusual conditions have grad ually deadened the response instead of
improving the keenness of hearing.
From this it is apparent that listening
tests by one or two individuals are not
sufficient to determine the merit of the
receiver and loudspeaker with respect
to its reproduction. Reliable measurements are very much desired which
give a relative or absolute index as to
the performance against certain standards. On the other hand tests made in

"' ,. .
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(Knudsen, Phys. Rev. 21, p. 84. Jan., 1923)
Sensation Level in
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laboratories may show only mediocre
results but if the product meets with
unusual consumer acceptance it may
well be possible that the measurements
did not receive proper interpretation.
Much remains to be done in developing
suitable test methods which will predict performance in the field definitely.
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'

4096 -'

8192 -.
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HEARING OF
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-FIG.5A very

interesting curve showing the average frequency response of the
ear.

u5

Fig. 3

105

Note the humps at 512 and 2048 cycles.

quency response of the ear.

With a definite picture of the requirements of a radio receiver and
loudspeaker in reproducing all the frequencies from the very low to 5000
cycles, an analysis of the receiving set
with respect to the behavior of its
component parts toward frequency
discrimination may be considered.

The Radio Frequency Amplifier

10.6

50
60 to 100

FREQUENCY
64-'

11'11,_

Fig. 4. The apparatus employed
for determining the average fre-

All radio frequency systems utilize
resonant circuits, consisting of inductances and capacities, as coupling devices between the amplifying tubes. The
frequency amplitude characteristic of
such devices in the radio band can
be made sufficiently broad to cover the
modulated carrier fairly uniform. Regeneration when introduced either by
design or inherently present, being
caused by tube or stray capacities, requires most careful design in order
that the response characteristic maintains a Hat top as wide as double the
audio frequency band to be transmitted. The selectivity and distance
getting ability of a set are greatly increased by regeneration but the best
reproduction cannot be obtained since
the low audio frequencies are eliminated when excessive regeneration is
present. The fact that in the mind of
the layman local broadcast reception is
generally synonymous with good quality reproduction has a bearing on this
point since under controllable regeneration he has no occasion to use this
method of obtaining sufficient signal
intensity.
One of the milestones in preventing
undesirable regeneration has been the
development and application of proper
Proper
shielding between stages.
shielding allows each stage to operate
without inter-action from another
stage and in this way permits the designer to treat each individual stage
as a unit. Numerous circuits have
been developed which prevent tube
capacities from entering into factors
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contributing toward. regeneration or
at least put as much regeneration as
desired under control. The recently
developed screen grid tube is intended
to operate along the line of stabilizing
the receiver and incidentally permits
of greater amplification. The application of this idea to the radio frequency
receiver and its performance in the
field will undoubtedly be watched with
considerable interest.
The desired amplifier would be one,
of course, which passes the 10 kilocycle
band uniformly. As shown in Fig. 6,
curve A, which is a typical response
curve obtained with a coupling circuit
not sharply resonant, has a rather fiat
top and gives good quality. On the
other hand interference comes into
play due to its over -lapping on other
wave channels. Curve B on the other
hand is relatively free from interference but the quality of reception suffers because of incomplete reproduction of the frequencies required as
shown by the darkened portion in the
10 kilocycle channel. Obviously some
compromise must be made between
selectivity and sensitivity against
reproduction. The trend however has
been toward better reproduction and
some decrease in sensitivity. The
mechanics and alignment of gang
condensers is receiving much attention
in order to insure proper tuning and
reproduction in tuned radio frequency
acts.
The ideal radio frequency amplifier
is one in which the radio frequency
stages are coupled by sufficiently
broad tuning circuits and inter posed
somewhere in that circuit a band pass
filter which passes the 10 kilocycle
band but which is variable to include
the entire broadcast band, that is from
550 to 1500 kilocycles.*

The Detector
The vacuum tube detector in commercial receivers of today has assumed
one of two general forms. The grid
condenser -leak type and the C battery
type. The former, because of its simplicity and ease of application, is the
one most commonly used. An examination of this circuit utilizing the grid
condenser and leak, shows that the
In line with Frederick Vreeland's
Band Selector described in this issue.
IO

Fig. 7. Apparatus employed to determine the performance of loudspeakers
at low frequencies and to indicate the amount of undistorted power output.

time constant of the circuit, that 1..4,
the product of the capacity and resistanee, should be smaller than one-fivethousandths of a second if the device
is to allow satisfactory reception for
audio frequencies. If any frequency
discrimination exists the high frequencies are the ones that suffer. In
practice the grid circuit of the detector
includes the grid to filament A. C.
resistance which has a value considerably less than 100,000 ohms for a
201 -A tube when the grid is kept
slightly positive. The time constant
of the circuit, therefore, becomes the
product of the capacity times the
parallel resistance of the grid -leak and
tube resistance. This value is sufficiently small to insure good detection
for frequencies well above the audio
frequently range.
It is vitally necessary that a receiver
maintain the detector grid at this positive potential since a slightly negative
one causes the A. C. resistance between
the grid and filament to reach high
value. In such cases the time constant
of the circuit becomes sufficiently
large to introduce a decided falling off

KC-'j

in lualit

}-.
'l'he use of the low grid leak resistance or an extremely small
value of condenser to obviate this defect is generally insufficient.

With a slightly positive grid the
tube input circuit has a broadened
resonance curve which further aids in
preventing frequency distortion by the
circuit. In general it may be said that
very satisfactory results are obtainable with grid detection under proper
conditions of design. C battery detection, as mentioned above, has not been
used extensively in commercial practice. The sensitivity of this arrangement is perhaps not as great as that
obtained with the first method nor is
its application as convenient, but the
fact that the power capacity of the
detector is greater should recommend
itself for certain applications.
The detector circuit on A. C.
operated sets requires much consideration to insure not only sufficient
power capacity, but also freedom from
frequency distortion and the introduction of hum. One of the major problems of a radio set designer centers
around the detector and improved
methods and circuits are highly desirable to remove its limitations.

The Audio Frequency Amplifier
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The audio frequency amplifier, because of its application not only In
radio receivers. but also in telephone
repeater circuits, phonograph reproduction, broadcasting and other uses,
lias received intensive study. The
three forms of audio amplifiers, resistance. impedance and transformer
coupling. together with modifications
have vied with each other for
supremacy with high quality reproduction as the primary goal. The consumer's demand for better and better
quality have brought about the use of
larger coupling transformers with

rage 2s
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some advantages when operating into-

70

the present day loudspeaker. In addition to this, this type of amplification
can be used to advantage on socket
power operated sets and amplifiers

A
60

E

since hum is reduced to a minimum.
The use of power tubes calls for a

50

D

speaker filter or output transformer
to keep the plate current from flowing through the loudspeaker winding,
causing saturation effects and possible
burn -outs of the speaker windings.
The output transformer in this case
closely approximates that of the conventional power transformer with the
provision that it should pass the entire
audible frequency band without modification.
This condition has been
achieved by the large output transformers now on the market. The complete isolation of secondary from
primary is advantageous in preventing high voltages, which may reach
values in the neighborhood of 400 to
500 volts, from being connected to the
loudspeaker. The speaker filter consisting of a choke and a condenser
offers another solution to the problem
particularly in those cases where the
plate potentials are low or where the
speaker is located in proximity to the
amplifier. It has an excellent frequency characteristic.
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Results obtained from
four different loudspeaker
motor drives.
These curves
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-FIG. 8more perfect reproducing ability, particularly on the low end of the frequency spectrum. Tuned impedance
coupling circuits have been developed
which give the coupling device characteristic a decided gain on low frequencies and permit a gain on the high
frequencies to obtain a more uniform
sound output with a given speaker.
The causes of distortion in the audio
frequency amplifier may be summarized as follows : -coupling circuits
having more or less resonant characteristics ; regeneration ; operation too
near either of the bends of the tube
characteristic ; overloading of tubes;
frequency discrimination in the output
filter or transformer.
Resonance effects in coupling devices
are invariably present in audio frequency amplifiers due to self capacity
of the windings. The tendency has
been to minimize their effect by
throwing them either below or above
the audio frequency range.
Space requirements in the modern
set have made close placement of
equipment imperative which in many
cases has resulted in regeneration,
causing certain sections of the overall
response characteristic to show decided gain. Regeneration in the audio
system is one of the bugbears of the
designer. It is caused primarily by
coupling between stages and also by
common impedance in the plate circuit. The use of B battery eliminators,
unless properly designed aggravate
this condition.
A common offender in audio circuits in preventing high quality
reproduction consists in operating the
tubes too near either of the bends in
the grid voltage and plate current
curve, that is, the C bias is incorrect.
The proper value of bias is not a
definite value for any given tube, but
depends on the plate voltage. Current
supply devices operated from socket
power have aided materially in main-

taining the plate potential at the
proper and fixed value with a definite
grid bias depending on that plate
potential.
The development and application of
power tubes within the last year or two
have largely removed the limitations
of over -shooting the straight part of
the curve of the amplifier tube with a
strong input signal. The gain produced
by these tubes in improving quality of
reproduction is primarily noticeable on
low frequencies. In this connection it
may be mentioned that the linear part
of the tube characteristic is dependent
on the output impedance and hence
the output circuit should be designed
to operate most efficiently in conjunction with the tubes.
Push -pull amplification, previously
used in a limited way, has been extensively revived recently; the advantages
of this type of amplification for the
last audio stage are numerous. It
permits a greater input signal before
overloading of the tubes occurs and
in this way gives an undistorted output considerably in excess of twice
that of the single tube. The impedance
of the combination is low which has

The Loudspeaker or Reproducer
The last link in our chain of
radio receiving apparatus is the loudspeaker or reproducer. This piece of
apparatus is perhaps the most defective of the entire chain. The conversion of electrical into acoustic energy
can be considered as consisting of two.
parts. There Is first, a conversion of
electrical energy into mechanical
energy which resolves itself into a
motor drive and then the conversion
of mechanical energy into acoustic
energy. The latter transformation
generally takes place by moving a
small diaphragm connected to an air
column or by means of a large open
air radiator consisting of a large
diaphragm generally conical in shape.
Two types of motor drives have been
extensively used in loudspeaker work,
the electric-magnetic and the electrodynamic types.
The design of such a motor is an
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'extremely complex problem because it
should be reasonably efficient and the
moving parts should be as light
as possible. Resonances invariably
occur except in the most damped
structures in which case the efficiency
is low. The mechanical parts, their
interlinkages and the structure of the
magnetic circuit offer considerable
.experimentation in order to achieve a
device which covers the entire audible
range, and which does not lead to ex-cessive resonances.
The air columns which couple a
small diaphragm to the open air
matches the high mechanical impedance of the diaphragm to the low impedance of the open air and in
addition to this it propagates the
.energy across the varying sections of
the horn, and with proper design
results in a maximum energy transfer
between the two mechanical impedances. In actual practice the shape
of the horn has been practically
standardized on the exponential form,
but the fact that the horn is
.exponential does not insure that the
impedance match is correct, since this
depends in a large measure on the
terminal openings and on the taper
constant. Resonances are present in
such a device but when the air column
is coupled to a unit which in itself also
has some resonances, the net overall
'effect will be a substantial flattening
of the output characteristic.
In the case of the open radiator or
cone type speaker, it has been found
that the efficiency is lower than that of
the air column type and the resonances
are generally much sharper. The
tendency has been toward larger
radiators to insure the reproduction
of low tones.
The main requirements of any loudspeaker are that it shall reproduce all
frequencies throughout the audible
frequency band with a uniform
intensity of sound ; it shall have no
marked resonance points ; it should
reproduce a number or a combination
of frequencies in their true proportion and introduce no distorting
harmonics at any frequency.
In order to test the performance of
a loudspeaker, numerous methods have
been proposed from time to time.
some of which yield excellent results
by giving the true indication of the
performance of the speaker under
normal conditions of use.
The
apparatus shown in Fig. 7 is particularly of interest in this connection,
inasmuch as this is used to determine
the performance of the loudspeaker at
low tones and gives an index as to the
amount of undistorted power output
any individual speaker may possess
at those frequencies. In a general
way, the beat oscillator produces the
low frequencies which are amplified
through a suitable amplifier and their
wave form is checked on an oscillograph. These frequencies are then
applied to the loudspeaker and careful
note is made when distortion occurs
due to the introduction of harmonics
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when the speech voltage is increased
to a certain amount. Fig. 8 shows the
result of four different loudspeaker
motor drives connected to their respective air columns or cone structures,
as the case may be. These tests indicate that the power capacity of the
average loudspeaker is decidedly
limited on low frequencies. This
limitation is caused primarily by the
movement of the armature out of the
position of neutral flux with the result
that third and fifth harmonics appear.
The ability to reproduce composite
wave forms in their true proportion is
extremely difficult of realization. Normally loudspeakers are tested on a
sinusoidal wave form but when
chopped direct current, which gives
a square wave form or a steep wave
front circuit such as the one shown in
Fig. 9 is used to supply the energy,
the deviation from the original wave
form is quite noticeable. This is
caused primarily by lags and mechanical hysteresis in the moving parts.
The electro-dynamic motor drive
coupled to an open air radiator has
found considerable application in practice, but the fact that external excitation is required limits the use of this
speaker to certain applications.
Intensive development work is being
brought to bear on the solution of the
loudspeaker problem. Because of the
impedance matching mentioned above.
some manufacturers are incorporating
part of or the complete audio frequency
amplifier with the loudspeaker as a
distinct unit which allows greater
flexibility in design and incidentally
permits the use of socket power for
excitation in the loudspeaker.
One of the factors which should be
considered in obtaining perfect and
natural reproduction is the placement
of the loudspeaker in the room and
definite knowledge as to reverberation
in that room so as to obtain the sense
of perfect illusion. This requires that
some compromise must be made in
broadcasting so that the reproduction
shall have a reverberation time equal
to that given before the microphone.
In other words, the reverberation time
present in the reproduction should be
equal to that obtained under conditions
where the mechanism of broadcasting
and reception is completely eliminated.
The problem of loudspeaker design
is resolving itself gradually into a determination of the various losses encountered in the motor and in the
radiator circuit so as to effect the
greatest efficiency with a minimum of
distortion.

Conclusion
There are so many factors contributing to distortion and mal -performance in the radio set and loud
speaker that it is indeed a surprising
fact that the sounds being emitted are
not only recognizable but that they
actually closely approximate the
original. There is hardly a factor in
the entire chain of the radio frequency
amplifier, detector, audio frequency

amplifier and loudspeaker which cannot be tremendously improved by design and the application of engineering
skill coupled with correct interpretation of reliable measurements made in
the laboratory. Undoubtedly many of
these improvements tending toward
better reproduction will be brought
about by invention and design from
time to time but the changes that will
undoubtedly occur within the next five
years will not be as great as the
changes which have come about
through the development of the last
five years in radio reproduction.
RADIO LEADERS CONSIDER BROADCASTING AND PATENT PROBLEMS
RMA Membership, Engineering and Committee Meetings Discuss Industry
Problems
TWO hundred leaders of the

radio industry met recently at
the Hotel Pennsylvania at the
Annual Midwinter sessions of
the Radio Manufacturers' Association.
Inc., and discussed many important
public and industry problems, including broadcasting, patents and technical
engineering matters.
Mr. C. H. Caldwell, Commissioner of
the Federal Radio Commission, at
Washington, was the speaker at the
monthly AMA luncheon, and outlined
the Commission's progress in improvement of broadcasting and also the
Increasing markets for radio.
Prior to Commissioner Caldwell's
address, a special RMA membership
meeting, presided over by Mr. C. C.
Colby, of Canton, Mass., President of
the RMA, was held and received a
report regarding the RMA movement
to effect a plan for interchange of
radio patents, to meet the important
patent problems of the industry. Mr.
A. J. Carter, of Chicago, Chairman of
the RMA Patent Interchange Committee, submitted a report regarding the
substantial progress made towards the
interchange plan. It was discussed
fully by members and, Chairman Carter announced, will be ready for formal
presentation to the manufacturing industry, as represented by the RMA, at
the Association's Annual Convention in
Chicago next June.
Other UMA meetings were of the Engineering Division, of which Mr. H.
B. Richmond, of Cambridge, Mass., is
Chairman ; the RMA Parts Committee,
and the Engineering Division meetings
together with a meeting of the RMA
Merchandising Committee, of which
Mr. L. E. Noble, of Buffalo, is Chairman.
The RMA Board of DIrectors held
its monthly meeting and the RMA

Legislative Committee also considered
several radio legislative problems.
Standardization problems in receiving
set design were discussed at an Engineering Division meeting, presided over
by Mr. L. F. Curtiss, of Springfield,
Mass. The Engineering Division discussed "socket power" and the new
electric sets. together with variable
condensers, dials, etc.
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The Problem of Radio Set Power Supply
Rectifiers for A and B Power Units
By George B. Crouse*
PART II

analysis of statistical records drawn
from a number of sources indicates
that the normal use to which a radio
set is put in one year is in the neighborhood of 800 hours, so that in setting the minimum number of hours of
useful life which a rectifier must have,
we shall not be far wrong if we place
it at 1000 hours.
In determining this useful life certain precautions must be observed.
In the first place, we should be sure
that we are testing useful life and not
total life. In other words, the characteristics of the device must remain
substantially constant and as soon as
marked changes in characteristics appear the test should be brought to an
end. The author has seen life test
records which on the face of them
showed remarkably long performance,
but when analyzed it was found that
the device actually was only useful
during the first few hundred hours of
the test, the output having fallen off
beyond that time to a point where the
user would certainly have thrown the
device away.
In practice it Is best to test the
rectifier under the actual conditions
of use. They are particularly sensitive to overload, and in making life
tests it is important to be sure that
FIG.1
the tests are made under maximum
Curves illustrating the momentary
load conditions. Also, if as is usually
heavy load placed upon the filafull
type
cathode
the case, the rectifier will be turned
ment of a hot
wave rectifier tube.
on and off many times during its life.
the life tests should be made under
of particular importance in determin- intermittent conditions. This is paring the suitability of the device for a
ticularly true where the rectifier emgiven Socket Power design are:
ploys a hot filament and in crystal and

SINCE something over 00%, of the
connected lighting load in the
United States is alternating current, one of the most important
elements in any battery elimination apparatus is the rectifier. The
function of the rectifier is to act as
a sort of electrical check -valve, allowing the current to flow in one direction and not in the other. A suitable rectifier system inserted in an
alternating current circuit will produce an output which is pulsating but
always in the same direction. The
properties of the rectifier which are

Useful life.
Uniformity of performance between individual samples, or, in other
words, interchangeability.
3. Price.
4. The character of the failure at
the end of the useful life.
5. Amount of radio frequency radiation.
6. Variation of output voltage with
line voltage.
In assigning limits to the above
characteristics to give a satisfactory
rectifier, we can only be guided by
practical commercial experience; in
other words, the customer sets the
standard in the last analysis. The
following discussion of the properties
enumerated above is based upon the
writer's wide experience with rectifiers in actual commercial service.
In regard to useful life, it has been
pretty well established that any replaceable unit should have a life of at
least one year in normal service. An
1.
2.

Tice -president and Chief
Corporation.

Donner- Grouse

Engineer,

chemical rectifiers.
There is, unfortunately, no substitute for the life test. Accelerated
tests of various kinds have never
proven satisfactory, which is another
way of saying that the rectifier is sensitive to its environment, and its performance in one environment is not a
measure of its performance in another.
No very definite limits can be set
as tolerances of interchangeability.
The designer must decide for himself
what limits may be accepted in the
output voltage of his design. If the

radio set is, for instance, extremely
sensitive to over -voltage, tending to
oscillate at either radio or audio frequencies, the limits must be very narrow. Ordinarily plus or minus 5%
of the output voltage of different
samples of rectifiers, for a given
service under constant input voltage,
will be satisfactory. The best method
of testing is to measure the output
voltage with the actual apparatus in
which the tube is used.
It should be pointed out that even
though satisfactory performance of the

receiver may be secured with wide
variations in rectifier characteristics,
that the ultimate consumer is very
likely to reject and return those rectifiers which give a low output, and it
Ls difficult to persuade him that he has
not been sold a poor unit.
The possible list price of any device
The
is a controversial subject.
author's experience indicates that a
rectifier should list at about $5.00. Of
course logically the list price should
hear some relation to the useful life,
but it is generally difficult to sell the
public on this idea. The possible list
price also bears some relation to the
total price of the apparatus in which
the rectifier is used, and in high priced
apparatus the above figure could probably be considerably increased without
limiting the sale materially.
A very important feature in rectifiers is the character of the failure
which may be expected. The most desirable type of failure is one in which
the rectifier at the end of its life
suddenly and completely opens circuit.
Since it is generally impossible to
secure this, a rapid falling off of output voltage is the next best thing.
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FIG. 2-

Details of an early type gaseous
conduction rectifier tube.

fails by short-circuiting is in no case satisfactory, since
a short circuit passes alternating current through the rectifier and will ordinarily result in the destruction of
the transformer. It may be urged that
this may be very simply overcome by
the use of a fuse in the primary or secondary line of the transformer, but
experience indicates that once the
original fuse has blown the user replaces it with a nail or other similarly highly conductive, but generally
unsatisfactory substitute.
A rectifier which
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Radio frequency radiation is caused
sudden current peaks passing
through the rectifier, setting into oscillation portions of the associated circuits at frequencies within the range
which the radio set will take. In determining the characteristics of a new
rectifier tests for this effect should
always be made using the rectifier in
by
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Fig. 4. Modern
type of gaseous
conduction full wave rectifier,
designed for use
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units.
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the actual apparatus in which it is
proposed for use, and employing a
radio receiver of high sensitivity with
a good antenna. The rectifier manufacturer generally recommends some
device for reducing this effect, such
as the so- called buffer condensers connected across the primary or secondary
winding of the transformer, and when
the recommended device is used with
the rectifier no radio frequency noise
should be apparent with the best available receiver.
Since the internal impedance of
many rectifiers is not a constant, but
varies with the current variations, any
alternating current input voltage
would ordinarily result in a different
percentage of direct current output
voltage. This effect may to some extent be counteracted by suitable designs of the associated apparatus, as
will be pointed out later, and is a defect in most rectifiers which must be
endured.

Classes of Rectifiers
For the purpose of this article rectifiers are classed according to their use.
as follows :
1. Rectifiers for B Socket Powers,
2. Rectifiers for parallel filament A
Socket Powers,
3. Rectifiers for Series Set Socket
Powers.
In the following where there is only
one example of a given type of rectifier in the market, the manufacturer's
trade name is used as the designation.
Where more than one example of a
given type is available a designation
has been coined and defined.

Rectifiers for B Socket Power
Of the rectifiers commercially avail-
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able for this class of service we may
list the following:
1. The hot cathode, high vacuum
type, typified by Radiotrons Nos. 280
and 281.
2. The cold cathode, gas -filled tube,
typified by the Raytheon and the
Q.R.S. type.

Hot Cathode Type
The first mentioned type is an enlarged edition of the ordinary audlon,
with the grid left out, and may be
constructed to rectify either half or
full wave. It depends for its rectifying properties on the fact that a heated
filament emits negative carriers which,
when the cold plate is positively electrified, are drawn to the plate, thus
completing the electrical circuit. On
the other hand, when this plate is
negative, the negative charged carriers
are returned to the filament as fast as
they are given off and the circuit is
thereby interrupted.
Tubes of this general type may be
constructed to rectify extremely high
voltages, but have a definite current
limitation. This current limitation is
due to the fact that all of the electrical carriers must be supplied by the
filament which, if any large amount
of current is to be rectified, becomes
impracticably large and heavy. It
should be pointed out in this connection that the rectifying capacity of a
tube in terms of current cannot be
determined by direct current tests.
This will be made clear by reference
to Fig. 1, in which is shown a sine
wave of voltage in the full line, the
resulting current wave in a full wave
rectifier in dotted lines, and the resulting average direct current in the
dot and dash line. It will be seen that
the filament is called on to supply.
momentarily, a current almost three

times the average direct current.
There are two types of filament material suitable for this service.
Thorium impregnated Tungsten. and
various metals coated with oxides of
the rare earths. From the standpoint
of the user, we believe that there is
little to choose between the two types.
The useful life of rectifiers of this
type is probably in the neighborhood of
1200 hours average, although considerable variation in life between individual samples will be observed.
Either type of filament is somewhat
sensitive to voltage overload, and the

transformer should be designed to keep
the filament voltage down to the rated
voltage, as stated by the manufacturer,
at the maximum line voltage which
may be encountered. This is perfectly practical inasmuch as it will ordinarily be found that sufficient emission
will be obtained at 20 to 25% below
the rated voltage, particularly if the
maximum current demand does not
reach the maximum rated output.
Other than the variation in life, the
tubes should run very uniform in
characteristics and are completely interchangeable, one sample with another.

In selecting a given manu-

facturer's tubes, attention should be
paid to this point. In order that the
output may be uniform it is very essential that the highest degree of
cleanliness be observed in the manufacture and that thorough cleaning of
the elements of the tube of all residual
gas be accomplished. This of course
requires adequate manufacturing facilities and careful and painstaking supervision.
The list prices of good rectifiers of
the hot cathode type remain somewhat
above the $5 figure discussed earlier
in this article, which is probably due
to the difficulties of uniform manufacture and a rather high percentage
of rejection of finished tubes.
The character of the failure at theend of the useful life is a very desirable one in that the output gradually
decreases. This decrease of output is
ordinarily due to the exhaustion of the
electron emitting materials on the filament. The filament rarely burns out
and this is sometimes a cause of dispute with the user who cannot understand why a tube which "lights up"
Is not still a good tube.
The amount of radio frequency
radiation is generally small. Looking:
again at Fig. 1, it will be observed
that the current in the rectified output
rises gradually and therefore there is
little tendency to set the associated'
circuits in oscillation.
The D.C. output voltage variation,
with variation of line voltage, is very
good. The tubes have no "arc characteristic" and in fact in one type of
B Socket Power the tubes are worked
so close to the saturation, or maximum.
emission point, that they act to a certain extent as voltage regulators.
However, this is not good practice,.
.
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and the designer should be content to
get D.C. variations equal to the A.C.
input van tions.

Cold Cathode Type
The rectifying action of this tube is
somewhat involved and much more
complicated than in the case of the
hot cathode type just discussed. For
purposes of explanation, there is
shown in Fig. 2, in diagrammatic form.
It comprises a
an early model.
metallic cylinder 1, and a metallic
wire 2 located on the center line of
the cylinder. These two elements are
carried on suitable insulated supports
in a glass stem 3, connection being
made to the cylinder and wire by
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means of the terminals 4 and 5. The
whole structure is mounted in a glass
envelope O. This envelope is thoroughly exhausted, all the metal parts being suitably bombarded to free them
from occluded gases and the envelope
then filled with an inert gas at a pressure of 10 to 14 m.m. of mercury.
Helium is most used for this purpose,
but argon or neon may be used or
mixtures of any two or all three.
Consider now that the two terminals
4 and 5 are connected to a source of
potential of such polarity that the center wire 2 will be positive. Under
these circumstances there will be a
strong electrostatic field set up between the cylinder and the wire which,
by the geometry of the parts, will increase in intensity towards the center. There will be in such a gaseous
atmosphere some free negative ions;
any of these ions located near the
inside surface of the cylinder will be
attracted toward the wire with increasing acceleration, due to the increasing field strength. If the field
strength is sufficiently great the velocity of this electron will reach the
point where, if it should collide with

a molecule of gas, it will knock off an
electron from the molecule and thus
create two new current carriers, one
positive and the other negative. The
new negative carrier may in turn pick
up sufficient velocity to ionize another
molecule, and thus very shortly the
entire space between the wire and the
cylinder will be filled with positive

and negative carriers and the tube will
be in a conducting condition.
If we now reverse the polarity of the
potential applied to the electrodes,
making the cylinder positive, it will be
seen that negative carriers originating near the wire will move out into a
field of continually decreasing potential, their acceleration will decrease
and they will never reach sufficient
velocity to enable them to separate
other negative carriers from the gas
molecule.

From the explanation just given we
may theoretically deduce certain peculiarities of this tube, and these deductions are verified in practice. In
the first place, note that the carriers
are supplied almost entirely by the gas
itself and not by the electrodes. This
means that the action of the tube is
much more dependent on the constitution and purity of the gas than on
the electrode material. Second, a certain strength of field must exist between the electrodes before conduction
can take place at all. Third, since
there will always be some carriers
present in the gas, there will be some
current flowing on the nominally nonconducting half of the cycle.
These peculiarities make necessary
certain precautions in testing a given
manufacturer's tube to determine its
suitability for a given job. Since, as
pointed out above, there is a definite
break -down voltage at which the tube
begins to conduct, there will be a sudden rush of current through the tube
when the voltage reaches this breakdown point. It is important that this
break-down voltage be as close to the
conducting voltage as possible, in order to minimize this steep current
wave and reduce radio frequency radiation. This break -down voltage and
conducting voltage are ordinarily determined on direct current by means
of the circuit shown in Fig. 3. In
this figure, 1 is a source of direct current of say 300 volts, 2 is a potentiometer connected directly across tliisource and having the sliding arm 3.
4 is a voltmeter on which the breakdown voltage is read, and 5 is
an ammeter for indicating when
the tube begins to conduct. The
rectifier is shown at 6 connected into
the circuit by means of the reversing
switch 7. Several tests should be
made, average values being taken.
Between each test the reversing switch
7 should be thrown. This is important
since the passage of direct current
through the tube leaves the space between the electrodes swept clean of
negative carriers, and succeeding tests
for break -down voltage will show increasing values unless a reverse
potential is applied to the tube between each test. This same set -up
serves to determine the conducting
voltage drop and the reverse current.
A good rectifier of the gas -filled type
should have a running voltage of 90
to 100 volts, a break-down voltage not
in excess of 130 volts, and a reverse
current not in excess of 15 milliamperes at 300 volts applied.
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Tubes are ordinarily constructed for
full-wave rectification and are of the
form shown in Fig. 4.
The useful life of the gas-filled tube
should be over 1200 hours. In making
life tests it is not necessary to make
intermittent tests as the operation of
the tube is in no way affected by
starting and stopping. These tubes are
even more subject to wide variations
of life than are the hot cathode type,
probably due to the difficulty of keeping the gas pure.
In the last two years much intensive
development work has been done on the
manufacture of this class of rectifiers,
with the result that a high degree of
uniformity, as regards performance
characteristics, other than life, may be
expected. But if any question as to
the manufacturer's experience in this
field exists careful checks for uniformity in the actual apparatus should be
stade.
These tubes are priced well under
the $5 figure, and are probably inherently cheaper to manufacture than
the hot cathode type.
For a given arrangement and size
of parts the internal impedance of the
rectifier depends upon pressure of the
gas. Gas pressure and impedance are

A

FIG.6-

Tungar rectifying tube and Its
associated rectifying circuit.

connected by a function which may
be approximately represented by the
curve of Fig. 5. During the life of
the tube the gas slowly disappears,
being probably driven into the material of the electrodes. The manufacturer usually fills the tube to a
pressure corresponding to the line 1
in the figure. During the useful life
of the tube pressure will gradually decrease, the impedance will first decrease and then increase rapidly and
the tube's life will be ended when the
pressure reaches the line 2. The character of the failure is therefore a
gradual increase of impedance.
Due to the fact that the tube passes
a steep wave front of current on each
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half cycle, special precautions must be
taken to prevent radio frequency varia-

tions. The use of buffer condensers
connected either across the primary or
secondary is too well known to need
detailed explanation. In addition to
this, it is desirable in designing the
transformer for use with the cold
cathode tube to introduce both electrostatic and electro-magnetic leakage
in amounts considerably greater than
employed in ordinary commercial
transformers. This may be conveniently done by physically separating the primary and secondary windings by approximately 1/8 inch. This
construction helps to isolate the supply line from the rest of the circuits
and thus prevents it from acting as a
radiating antenna.
Another characteristic of this rectifier which was not mentioned above
is that the internal impedance is dependent upon the current flow. The
larger the current, the greater the
number of carriers in motion, and
therefore the greater the formation of new carriers.
In this
respect the device behaves like
an arc.
In one way this is
beneficial: as the current demand increases the impedance of the tube de-

and probably are inherently cheaper to
build, as pointed out above.
Both types fail by gradual increase
in internal impedance.
It is more difficult to eliminate radio
frequency oscillation in the cold
cathode type.
The cold cathode type has a magnifled output voltage variation with
changes in input voltage.
The efficiency of the two types is
not particularly important in this class
of service, but the cold cathode type
is certainly more efficient and can
withstand much greater overload without damage. Another advantage of
the cold cathode type is that it requires no additional winding for
energizing the filaments.

Rectifiers for Parallel Filament
Socket Power

From this explanation it will be
seen that broadly speaking that during the conducting half cycle the tube
will behave like a cold cathode gasfilled tube, and during the non-conducting half cycle will behave like a
hot cathode high vacuum tube. For
instance, this type of tube has a
definite break -down voltage at around
15 volts, and unless this potential is
reached the tube will fail to conduct.
Its internal impedance is dependent
upon the current flow. In other words
it has an arc characteristic. During
the non -conducting half cycle it shows
practically complete shut -off, no back
current being measurable.
These tubes may he constructed for
either half -wave or full -wave rectifi-

A

Rectifiers for this class of service
must be capable of delivering at their
D.C. terminals a potential of approximately 12 volts at 3 amperes. There
are at present only two types available
which meet these requirements.
1. The 'l'tuigar tube.
2. The Crystal type.

The Tungar Tube

ummnnuninmin,

Ilk ai

Fig. 8. A large
capacity g a seous conduction,
full -wave rectifier of modern
form. This tube
will supply from
300 to 350 mils.
and can be used

to

supply fila-

ment

current
a series
string of 201 -A
tubes and the B
power as well.

for
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creases and partially offsets the ohmic
drop through other parts of the circuit. On the other hand, an increase
in the supply voltage will cause a
magnified increase in the output voltage. In B Socket Power devices this
is not ordinarily a serious trouble.

Comparison of Hot Cathode and
Cold Cathode Types
In regard to useful life, there is
very little to choose between the two
types, the average life of the cold
cathode type being apparently somewhat longer.
Both types by suitable care in manufacture may be built to have a high
degree of uniformity and interchangeability.
The cold cathode type are at the
present time priced somewhat lower

This rectifier which has been on the
market since 1916 may be described as
a combination of a hot cathode and
gas-tilled tube, and it may be said to
combine some of the merits and some
of the defects of both types.
In Fig. 6 is shown diagrammatically
a half -wave Tungar with its associated
rectifying circuit. In this figure. 1 is
the core of a transformer having a
primary 2. energized by the A.C.
source 3. 4 is a secondary for energizing the filament 5 of the rectifier. 6
is the plate secondary, one end of
which connects to the anode 7, the load
being connected between the other end
of this secondary and the filament 5.
The glass envelope 8, after exhaustion
is filled with an inert gas. generally
argon, to a pressure of 10 millimeters
of mercury or more.
The node of operation is as follows:
The filament 5, being heated to incandescence, will give off negative carriers as in the case of the hot cathode,
high vacuum tube. These carriers,
however, are not directly relied upon
for conduction. Suppose that at a
given instant the electrode 7 is positive. The negative carriers will then
be drawn from the filament at high
velocity, will collide with the molecules of the gas and form new pairs of
positive and negative carriers in the
same manner as explained above in
connection with the cold cathode B
Socket Power tube. Under these conditions the tube will become highly
conductive. On the next half cycle of
the alternating current supplied by the
secondary 6, the electrode 7 will become negative, the negative carriers
will be repelled and thrown back on
the filament and the tube will be nonconductive.

Fig. 7. A modern crystal type recThese
are particularly
adaptable to A- eliminators and A
battery chargers.

tifier.

ration, and a wide variety of characteristics may be imparted to them by
proper selection of the gas pressure
and the design and spacing of the
electrodes.
The useful life of the Tungar tube
when properly used is extremely long.
the average being probably well over
2000 hours. Certain precautions, however, must be taken in applying the
rectifier to a given service. Iu the
first place the filament voltage must
be kept as low as possible during normal operation but in starting, filament
voltage should be high. If the tube
operates for the first few cycles at a
sub-normal filament temperature the
thorium will be stripped from the surface of the filament and the breakdown voltage and internal impedance
will become abnormally high. For this
reason it is a good plan to design the
filament secondary 4 to have a large
magnetic leakage, thus applying the
high voltage to the filament until the
direct current load comes on. Obviously, intermittent life tests of the
tube under the actual conditions of use
are very important.
Due to the dependence of the tube
characteristics on the spacing and design of the electrodes, an extreme degree of uniformity is somewhat difficult to obtain, but the ordinary commercial run of tubes will be found sufficiently close for most applications.
The tubes are priced from $4 to
$7.50, depending on size, and therefore
fall within the commercial range set
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3.1

forth in the beginning of this article.
These rectifiers generally fail by
gradual exhaustion of the thorium in
the filaments, their internal impedance
slowly increasing to the point where
the tube is no longer satisfactory. An
occasional filament burnout is noted,
but this is unusual within the useful
life period.
The Tungar tube, like the cold
cathode gas -filled tube, delivers a steep

of the four -element audion or screen
grid tube, the Series Set Socket Power
is almost certain to increase in popu-

larity and importance. Sets wired in
this way can be made interchangeable,
for use on either batteries or Socket
Power excitation, and at the present
time at least may be made to have
much higher audio quality than the
A.0 tube set.
There is only one type of rectifier

SUPPLY

-

Schematic diagram of

a

FIG.9-

resistance type voltage regulator for

wave front of current at the breakdown voltage and for this reason precautions must be taken to prevent
radio frequency radiation. The same
recommendations given above in connection with the cold cathode gas filled tube apply here.
The arc characteristic of this tube
means that the D.C. output variation
for A.C. input variation is magnified.
Ordinarily the magnitude of this effect
will be approximately two to one. In
other words, if the A.C. input rises
10% above a given value, this will
cause a 20% variation in the D.C. output voltage.

Crystal Rectifiers
This designation is used to cover
rectifiers employing a metal electrode
and a co-operating electrode of an
oxide or a sulphide of the metal.
These couples will rectify up to about
2 1/2 volts and are usually employed
stacked up in series as shown in Fig. 7.
Very little is known concerning their
theory of operation. Apparently they
have a definite break -down voltage
which is very low, and in other respects behave like the Tungar tube
discussed above.
These units also fail by a gradual
increase of internal impedance, but if
improperly constructed flash -over may
occur at anytime during the life of the
unit.
Radio frequency radiation is comparatively small, due to the very low
break -down voltage of this type of unit.
The crystal rectifier has a distinct
arc characteristic and is substantially
identical in regard to the D.C. voltage
output vs. A.C. voltage input, with the
Tungar tube.

Rectifiers for Series Set Socket
Powers
Due to many causes, not the least
of which is the probable introduction

B

power units.

available for this service which is substantially an enlarged version of the
cold cathode gas-filled B Socket Power
tube discussed above. A drawing of
one form of commercially available
rectifier for this service is shown in
Fig. 8.

Voltage Regulators
Because of the importance of voltage regulation in connection with rectifiers for all classes of service, with the
exception of the B Socket Power, it
has been thought proper to introduce a
description of two such regulators into
this article. One type is shown in Fig.
9. In this figure, 1 is a transformer,
2 is a rectifier, 3 the filter and 4 the
load. The voltage regulator comprises
three elements; an additional second-

the voltage of the supply to rise above
some normal minimum value. This
will cause an increase in voltage across
the terminals of the secondary 5, and
because of the presence of the saturated core inductance 6 in this circuit,
a considerably increased alternating
current will be caused to flow from
the secondary 5 through the bridge resistance 7. Because of the positive
temperature coefficient of this resistance its value will be much increased
and will thereby absorb the additional
potential across the rectifier output
caused by the increased supply voltage. Because of the balanced bridge
arrangement of the resistance 7 the
direct current to the filter is electrically isolated from the alternating regulating current supplied by the secondary 5, so that no direct current will be
wasted in the regulating circuit and
no alternating components will be introduced by the regulating circuit into
the direct current circuit.
This device is, of course, not instantaneous in action, but by proper
mechanical design of the resistance 7
may be made to operate in a few
seconds.
Turning to the device shown in Fig.
10, this operates entirely in the
primary side of the alternating current
circuit and the transformer, rectifier
and filter are all included in the block
1 marked "Converter." The regulator
comprises a series inductive element 2
so designed that its iron core never
becomes saturated throughout the normal working range of the device, and
a shunt inductive element 3 whose
iron core is normally saturated. The
exact theory of operation of the device
is somewhat involved, but it may be
roughly stated that an increased supply voltage causes a magnified increase
of current through the saturated element 3. This magnified current flowing
through a portion of the inductance 2
causes an increased potential drop
across that element to affect regula-

2

1

SUPPLY

CONVERTER

-3

-FIG.10Schematic diagram of

a

magnetic type voltage regulator.
instantaneous in action.

ary winding 5 on the transformer, an
iron core inductance 6, whose core is
magnetically saturated, and a temperature variant resistance 7, arranged in
the form of a bridge inserted in one of
the leads connecting the rectifier to
the filter.
The operation of the device may be
briefly described as follows: Suppose

This device is

tion and this increase of potential
drop is multiplied by the ratio of total
turns to the turns included between
the supply and the connection of the
coil 3.

This device is instantaneous in operation and, as will have been
noted, requires no temperature variant
resistance.
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Better Radio Reception
Methods of Eliminating Home-Made Static

By Robert J. Casey*
PART II

Miscellaneous Causes of
Interference

I

-X -Ray

Machines

-It was found

that when such apparatus is properly

installed and carefully shielded the
range of interference is not great.
Storage Battery Chargers-This
subject is treated under three heads:
A-Vibratory or mechanical rectifiers:
B-Thermionic or ionized gas rectifiers; C-- Chemical rectifiers.
The noisiest are of course the vibrators on account of arcing at the contacts. A small condenser across the
vibrator element ends the disturbance.
Tube rectifiers sometimes sputter, but
may be silenced by use of condensers
and chokes on the line side. Electrolytic rectifiers are not noise producers
unless the genius of the user contrives
some method for making them arc
across the top. The engineers in their
report stated that the chief cause of
interference lies in close coupling between the set and the light line that
supply the chargers.
3-A
iator Systems -See door-

2-

bells.

4 -Stock Tickers-Trouble, if any,
results from coupling of apparatus
with line of communication.
Ignition Systems-Some radio
frequency energy is put out by normal
activities of spark plugs and distributors. It can be corrected by moving
the automobile. In effect it is not
serious.
Similar causes produce similar results in the case of stationary gas
engines. Here the shielding of ignition leads is advocated.
Electric Elevators -The National Electric Light Association engineers leave the problem of the electric
elevator to be dealt with in a later
survey. They point out two kinds of
interference --a click heard in the loud
speaker when contactors are engaged
or disengaged
sound like the turning on and off of the light switch),
and a steady hum due to the motor.
As a matter of fact the motor problem
is merely another of those things. The
clicking of contacts in an elevator control seems eliminable by the same
methods used to cope with other make
and break disturbances.
The chief cause of interference in
electric elevators is not that they are
electrically operated, but that the
motive apparatus is old and poorly
cared for.
Electric Furnaces -These things
do create some disturbance. As an
t Courtesy of Radio Manufacturera'

5-

6-

-(a

7-

Association.
Staff-writer, Chicago Daily News.

active agency in the great national
cacophony they are about as important
as the blowing of tin whistles in
Mesopotamia.
Let's forget this one.
Moving Picture Equipment
With moving picture theatres now
more numerous than radio stores it is
time somebody gave some attention to
their power for interference. Apparently they haven't much. Motor
equipment for projecting and re -winding of films is subject to the usual ills
of motors. Projecting arcs may develop some radio frequency energies.
However, it was found that with such
apparatus in good condition the R. F.
currents were pretty well choked out.

-

8-
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MORE ON "BETTER RADIO

RECEPTION"

The article appearing on this
page Is an extract from the R. M.
A. Manual On Interference.
The
Manual contains a great deal of
valuable data which RADIO ENGINEERING is unable to print due
to space limitations.
We sincerely hope that the material presented will prove of value
to our readers.
If you wish to procure the additional data and at the same time
have the subject in complete form
you can obtain a copy of the
Manual from the Radio Manufacturers' Association, Inc., 32
West Randolph Street, Chicago, Ill.
The price is 25 cents.

was quite what it appeared to bestatic -and produced as static.
The friction of paper running between the cylinders of the press produces a charge like that obtained in
physics experiments by similar processes. It is possible to get a sizable
spark out of a freshly printed paper
merely by holding one's hand near it
and the smell of ozone is sometimes
so strong in a big press room that it
predominates over the tang of the ink.
Fortunately, these static factories
generally can be rendered inoperative
by grounding the frame of the press
or if that fails by hanging short
lengths of grounded chain where they
will just touch the revolving cylinders.
Flat bedpresses such as are used in
job printing shops will occasionally
produce static, but their field of interference is limited. In any case the
treatment is the same.

The Elimination Process

:
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of the feeder lines and there were no
other important nuisances in the theatre aside from the pictures and ushers.
9-High Voltage Testing Equip ment-Ho hum! Who thought of
that one?

Sparks, Accidental or Otherwise
This ends the summarization of the
report turned in by the Electric Light
Association's engineers.
By this time any reader who has not
yet fallen asleep probably knows that
sparks caused accidentally or on purpose are the principal factor in the
general jamboree. He does not know
yet -but he soon will -that it takes no
search warrant to discover these
vagrant crackles and little or no time
to end them.
An important noise manufacturer in
cities is the printing press and this
because of a characteristic that has
nothing at all to do with the motors
and switches which operate it. For
many months during the early days of
radio, radio editors of metropolitan
newspapers producing from three to
ten editions a day were at a loss to
discover why static overcame them
whenever the presses were running.
The interference, it was discovered,

Getting down to cases in the matter
of stifling interference, one discovers
that the whole process is merely an
application of filters.
Two years ago one might have hesitated to mention the word "filter" before a large and varied 'audience. At
that time a filter was supposed to be
a little sack of carbon that clamped
over the drinking water faucet. The
true inwardness of the electrical sieve
was known only to initiates, most of
whom were too busy in the telephone
service to worry about radio.
However, the popularity of battery
eliminator devices and the need for
loud speaker protection, resulting from
the use of high plate voltages with
the new power tubes has done much
to spread the light among the radio
enthusiasts. It is no longer a secret
that a filter is a condenser or condenser -choke combination designed to
keep unwanted currents where they
belong.
The trouble of interference in electrical devices as we have seen is due
to the generation of radio frequency

currents at spots where there should
be no radio frequency currents and the
broadcasting
of
these volunteer
energies with the power lines acting
as antennae.
What more natural then, than to
seize upon these emanations at their
source and block them from the lines?
There are various ways of doing it.
In some instances they are allowed to
wander into a condenser which acts as
a sort of sump tank and loses them until their ambition is all gone. In
others they are actually choked ont
of the line. Occasionally they are
grounded.
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It has been found by some genius
who apparently does not have to worry
about his light bill, that if one hooks
a condenser of sufficient size across
the feeders of his service line at the
point where it enters his house, he
need worry no longer about interference from devices within his own walls.
An ingenious plan. earnestly recomSERIES

LIVE
LINE

15

FIELD

AMP

FUSES

110 V.

GROUND

LINE

2 MF.
1000 VOLTS

-FIG.1

Filter arrangement for small motor,
using

a

single 2 Mfd. fixed condenser.

mended to those who have plenty of
It has only one drawback,
money.
which, of course, need not be considered : If the condenser is large enough
to function properly it is large enough
to by pass a considerable quantity of
alternating current, generally peddled
at a price per kilowatt hour. The
power company might object. therefore.
to the installation of such a super
filter ahead of the meter. And at a
point immediately after the meter, but
close enough to the point of entry to do
any good it would remain in operation
day and night from now till bankruptcy whether or not the house light
might be turned on or the suspected
devices in use.
For those who do not feel like making such a grand gesture. individual
for each
filters are recommended
trouble maker. If properly connected,
they cease to function when the device
to which they are attached is shut off
-and even when operating, their size
need not be large enough to pay any
extra dividends on power company
stock.

one

The Cure for Noise Makers
We shall take up the care and cure
of noise makers according to their
classification nt the beginning of this
report and so arrive at the long -deferred discussion of
1. Motors. The motor noise is a conspark emanation more
tact noise
obnoxious than most spark emanations,

-a

Its generation
because continuous.
may be understood by anyone who
understands the working principle of
the device. A motor consists of an
armature revolving in a magnetic field.
The driving current passes first
through the armature whence it is
used to excite the field magnets, the
technique of which need not be gone
into here. The point of the matter is
that the current has to be conveyed
to the windings of a revolving spool
and this can be done only by sliding
contacts called brushes. The brushes
press down against a drum of copper

and when both are clean, function
without interruption. sparking or noise.
Dirt and corrosion change the whole
performance. The contact becomes
erratic and is accompanied by sparking, which pits the metal and produces
more sources of bad contact.
The first treatment of a noisy motor
is to clean it-not a bad idea whether
it is noisy or not. Cleanliness saves
cost of upkeep and service and is an
economical procedure well spoken of
even in districts where radio does not
amount to much.
Even a sparking commutator might
not cause it great deal of trouble if
the iron shell of the motor were
grounded, but surveys have shown that
old motor installations frequently
were made on wooden supports and
virtually insulated from the ground.
Grounding may therefore be listed as
a second step. With these two maneuvers completed, one may choke off
the last of the interference by connecting a 2 Mfd. condenser-tested to
stand 1.0111) volts D. C.-across the
'

110 V

-FIG.2SERIES
FIELD
CHOKE

IF MOTOR FUSES
ARE LARGER THAN
15 AMP, INSERT 5 AMP.
FUSES HERE.
2 MF
1000 VOLTS --

.
--

>,

motor
arrangement for
working on ungrounded line of less
than 600 volts.

Filter

hows the method of
brushes. Fig.
connection.
As in all cases where filters are used,
the condenser should be placed as near
as possible to the point where noise
originates. This precaution will prevent the broadcasting of interference
with condenser leads as antennae.
The design of the filter varies somewhat if the line is less than 600 volts
I

and ungrounded. In that event two
condensers grounded at their common
lead may be used as shown in Fig. 2.
For very small motors such as those
used in soda -mixers, fans, hair driers.
vacuum cleaners and the usual portable appliances found in the home, it
will generally be found that the connection of a high test condenser of
about 1/4 MM. across the commutator
will end the noise. With such devices
the use of a middle- tapped condenser
with a ground connection is not
practicable.
An efficient motor filter is shown in
sketch C of Fig. 3 of the National Electric Light Association group. Two
chokes of the type outlined in Fig. 4
are connected into the A. C. line, con-

fining the radio frequency currents to
the point of their origin.
Condensers specially made for filter
purposes are now available in the
radio market as are condenser choke
combinations mounted and ready to
connect. It should be borne in mind
when installing any of these devices

that large capacity condensers contain
wax and therefore should be placed
where heat generated by the motor
will not affect them.
The rules seem simple -and they
are. One reading them for the first
time may be excused for skepticism.
for the noises emanating from commutators and such things seem as in-

vincible as they are mysterious. As
a matter of fact it is only the very old
motor, longa stranger to care, that will
not respond immediately to shielding
and filtering.
2. Thermostatic Controla. Something
of the treatment indicated in cases of
electric pads, humidors, furnace controls. refrigerator controls, etc., has
already been mentioned.
These sources of trouble are more
difficult to eliminate only because they
are more difficult to reach. Fortunately their operation is in most cases
of short duration and at periods widely
sepa0ated. In the event that exceptional circumstances make them exceptionally obnoxious, much of the radio
frequency current may be short circuited before it gets out into the lines,
by hooking a high test condenser of
1/4 Mfd.. more or less, across the input.
Such an arrangement has the disadvantage of being somewhat removed
from the actual seat of the trouble, but
test has proved it effective in a large
number of cases. The contact points
of the thermostat may be reached for
filtering in nearly all devices, save the
electric heating pad and the usual
difficulty with heating pads lies in the
fact that the user is generally ignorant
of the fact that he is causing interference. Education in this respect will
probably do more to end the interference than a filter.

44_4QSZ
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FIG. 3-

Three filter arrangements advised
by the N. E. L. A. engineers.
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3. Rad Contacts. The best cure for
a bad contact, of course, is to fix it.
Loose fuses, loose connections, wobbly
light sockets and all of that are a
menace to many things aside from
radio. They constitute a fire hazard
for one thing (or rather the last two
items do) and once located they should
not be left unattended, even if the annoyance they cause is only sporadic.
Other contact noises, however, may
well be considered here, for while they
are produced with malice aforethought,
their effect on radio reception is quite

-

FIG.4-

Choke coil advocated by N. E. L. A.
for use as motor filter. It is made
from a spool of maple finished with
clear shellac, wound with 530
turns of .012" D. S. C. wire
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the same as if they were purely accidental.
Under this head might be considered
flasher signs, elevator contactors,
vibratory rectifiers, violet -ray machines, X -ray machines, bell ringers
and the like. . . . Simple cases,
all of them and simply treated.
Sign flashers are of two types, one
operated by a rotating element, actuating a series of make and break devices,
the other turned on and off by a
The second
thermostatic element.
properly falls under the classification
just discussed and falls into the same
group for treatment as the other
thermostats. The first may have two
sources of disturbance, the actuating
motor and the contacts.
Contact noises are easily quelled by
the connection of a 1 Mfd. condenser
across the terminals. The filtering of
motor noises, if any, is the same as
for other motors.
Sign flashers have been causing
trouble since the inception of radio,
and formerly were considered a necessary nuisance. Householders in neighborhoods affected by them were so
loudly unanimous in their complaints
that an effort was made to study the
situation, but for a long time the only
remedy suggested was the shielding of
the control device. This remedy was
no remedy at all.
The condenser, however, is in most
cases a cure, installed in five minutes
and effective at once. Here, as in all
cases so far discussed, ignorance has
been the principal source of interference. Sign flashers are generally used
for advertising purposes and no advertiser cares to antagonize an entire
neighborhood.
Elevator contactors in sofne locall-

ties have been so persistently active
that engineers have abandoned hope of
doing anything with them except leaving them to run elevators. However,
they may be silenced, no matter how
refractory, if properly approached.
The method is the same as for the
sign flasher, but owing to the larger
currents involved is considerably more
expensive. No one can hope to stifle a
good honest elevator contactor by
hooking a 1 Mfd. condenser across it.
The proper treatment is a big condenser-twenty microfarads or more
and of a type tested to stand the D. C.
voltages to which it may be subjected.
The condenser is connected across
the contact points and if properly sized
will put the device on its electrical
rubber heels. Twenty microfarads of
condenser represent a considerable
outlay of money especially where it
must he repeated for several contactors, but no more than the building
owner stands to lose if it becomes
noised about that radio is a mere
rumor in the vicinity of his shafts.

-

The Refractory Vibratory Rectifier
The most amazing experiment of this
group is the throttling of our old and
very oral friend, the vibratory rectifier.
Once it seemed impossible that this device could ever become housebroken
and so strong is that belief to this day,
that many communities like Van
Wert. Ohio, have passed legislation
against it.
However. it takes its medicine without protest and thereafter is no more
noticeable in the loudspeaker than the
time signals from Timbuctoo.
one -mike conThe usual stuff
denser connected across the vibratory
element.
All such rectifiers consist of a vibrating reed. sulking and breaking contact
with a fixed terminal. One end of the
condenser goes to the reed. the other
to the fixed terminal. And that's all
there is to it other than accepting the
thanks of the neighbors.
The violet -ray machine has come in
for much comment before this. If a
one-mike vomit user is connected across
its vibrator it uiuy possibly opvrnte

-a

without causing riot. mayhem and
murder. However, the best eliminator
for such device is the electric light
switch. Caution dictates that they
should not be used while radio listeners are straining their ears for the surf
on a distant coast.
X -ray machines, according to the
best authority, are quiet only when
they are used in rooms shielded with
metal mesh or lead foil. At any rate
they are quite beyond the ministrations of the average broadcast listener.
Recent experiment with X -ray installation tends to show that standard
filter equipment probably will be the
solution of the interference problem
even here. Shielding of rooms in
which such apparatus is used is becoming more and more general for reasons that have nothing at all to do
with radio and in numerous instances
it has been found that air core chokes
-made of a few turns of heavy gauge
wire, placed in the feeders near the
X -ray machine -and a fairly large
condenser across the line as described
in the paragraph on motor interference
generally will restore the peace and
quiet of the community.
The filter circuit for the gagging of
bell ringers is shown graphically in
Fig. 5. It looks fairly complicated but
the analysis shows it to be merely an
old friend, two condensers in series
with a ground mid -point and two
chokes.
It consists of a middle tapped condenser-or two condensers connected
in series and grounded where connected, and two chokes of the type already described. Two such filters are
connected into the system. One at the
'Mint and one at the output. They
:ire not difficult to make nor to install.
Two such filters are used. one at the
input and one at the output of the
ringer. Radio men who installed the
broadcasting apparatus at the Scopes
trial in Dayton, 'Tenn., reported the
successful use of such silencers in a
district where telephone exchange activities had made radio reception impnssible.

similar nature and calling for
t II'
simibtr treatment is the telephone ringLI
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-FIG.5Compound

filter

suggested
by N. E. L. A. for use with ringers
and similar devices.
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ing magneto, which is still to be found
in rural America. Sparking of brush
contacts is the cause of rumbling interference ,which may be stopped by the
connection of a filter across the
brushes much as in the case of noisy
motors.
4. Leaks. In this classification the
worries are altogether the property of
power companies. Condenser -choke arrangements will not help any if insulators are bad or high tension wires
are allowed to scrape against trees.
However, the power companies are
always willing to buy new insulators
or repair defective apparatus when
needed. Power tossed off into the air
to fall. of course, one knows not where
-pays no dividends on the common
stock.
It may be repeated here that the engineers of such companies are not only
willing to end such interference, but
grateful for information concerning it.

-

Manufactured Static
We might consider a fifth classification-the static engendered by belts
and printing presses. although such interference is highly local and of little
or no importance save where receiving
sets are operated in industrial districts.
Condensers and chokes are of no
use in the solution of such problems,
but the actual remedy is even less complicated.
Grounding the frames of machinery
is the first step. The second, is to provide some form of brush collector that
will remove the static charge from belt

or paper without sparking. A lead
from the collector to the ground is the
only requirement.
Some interference in rural districts
is beyond classification under any of
these subheads, particularly where
farm lighting plants are employed.
Investigation has shown that a large
portion of this interference arises
from poor grounds. In sandy districts,
such as those of Northern Michigan,

this problem is serious, as the soil is
a pretty good insulator. Moistening
the earth about the ground stake has
little effect, inasmuch as the wet spot
is surrounded by non -conducting
silicates.
It is recommended for such localities,
that the ground be attached to a pipe,
driven down into the soil at the bottom of a well.

Interference from farm lighting
equipment is sometimes difficult to
trace because of the multiplicity of
spark producers that may be found in
such an installation.
All of these plants consist of some
driving mechanism, a dynamo and
storage battery bank, active or floating
in the system. The driving mechanism usually is a gasoline motor with
spark plugs and a magneto. It probably will have an automatic starting
arrangement, subject to the same
troubles as an automobile starting device.
Hence the elimination

of noise in

districts where there are such systems
will require a varied course of treatment.

A small condenser -about 24 Mfd.,

connected across sparking contacts in
the ignition system will end trouble
from that source. It may also be
found necessary to shield the magneto
process which sounds complicated
but really consists of placing a large
can about the magneto and grounding
the can. Commutator troubles in
starting motor and in the dynamo are
the usual commutator troubles and
may be corrected by the means outlined under the heading "Motors." If
there is a make -and-break contact device in the plant, it, too, will have to
be shunted by a condenser of the same
size as that prescribed for the ignition
system.

-a

.

Diagnosis of Ills Really Simple
And that about ends the lesson. We
have come a long distance to analyze
an irritating situation and to discover

that diagnosis of the trouble and the

prescribing of a cure might well be
condensed in a page or two. The space
has not been wasted if it enables the
reader to seek intelligently for the
things that have ruined his radio reception and to institute needed reforms.
Receiving sets have become more
sensitive since the early days of radio

and with their increasing sensitivity,
they have become more and more
prone to pick up noises that passed
unnoticed in the period of the headphones and crystal detector. There is
vital need for some concerted effort to
rid the air of needless racket.
Condenser sizes given in this illuminating treatise have been based on the
requirements for sixty -cycle power
lines. Most of the power systems in
the United States are this type, but
not all. In Buffalo, a twenty-fivecycle current is used, in Grand Rapids,
thirty cycles, in California, from thirty three to fifty.
Changes in filters due to differences
in current frequency will be slight, if
any.

It has been found that a quarter
inicrofarad condenser is almost standard for all filters affecting small motors-of the soda mixer, or electric
vibrator, or hair dryer type-as well
as for automobile ignition noises and
similar disturbance, arising from
thermostatic controls and make-andbreak contact gadgets.
For larger motors a condenser of
from two to eight microfarads may be
necessary, but such exceptions are
mentioned specifically elsewhere in the
text.
As a general rule, for the benefit of
persons who live in districts where
some odd frequency is used in power
lines, it should be remembered that the
lower the frequency the larger the condenser required. In the case of
chokes, low impedance coils are used in
filtering high frequencies and high impedance coils for low frequencies.

Bell Telephone Labs Enter Research on

Airway Communication Systems

DCitING 1927, the American
Telephone and Telegraph Company conducted a. comprehensive survey of commercial
aviation in its present economic,

commercial and technical aspects with
the conclusion that it could serve the
industry by a further development of
equipment and methods for communication along airways and to airships.
It is evident that the country is now
in the midst of a vigorous development in this new field of transportation. So far as the engine and the
airplane are concerned, a commercial
degree of safety and reliability is attainable in the present state of the

art and, while further improvements
in design are certain, no fundamental
invention in the airplane itself is required for its utilization for air transport services.
The greatest need is to increase the
reliability of transportation and safety
of passengers. Such safety can be increased by means of minimizing the
hazards of weather, aids to navigation
to minimize the risk of losing the true
course along the airway and finally
means to minimize the risk of collision by the use of a despatching system analogous to modern railway
practice but certainly very different.
For all of these purposes, electrical

comma n iat luit system will be required using both wire and radio.
The Bell System provides a nationwide communication service, and is
working on the new apparatus and
equipment necessary to extend communication service to airways and
aviators as and when required. The
problem is at first one of research
and development, and the Bell Telephone Laboratories have, therefore, included in their 1928 programs a substantial amount lo be devoted to the
advancement of safety in aviation by
the application of electrical communi-

cations.

If
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The Mathematics of Radio
Calculation of Resistances in Parallel Circuits and Determination
of Wattage
By John F. Rider, Associate Editor
PART III
HE advent of individual C bat teries for audio amplifying
tubes, particularily the 40.5
volt C bias required for the 171
output tube has often caused the necessity of placing opposing voltages in
serles circuits in order to obtain the
desired voltage. That is to say, two
sets of batteries are arranged in a
manner which permits the reduction
of the maximum potential of one battery, by virtue of the opposing action
of another battery whose polarity is
reversed with respect to the first battery. This is shown schematically in
Fig. 10. Here we see a battery supplying 6 volts and another battery supplying 1.5 volts. We note that the minus
of the 6 volt battery is connected to
the minus of the 1.5 volt battery and
that the total voltage of the combination is only 4.5 volts. The action of
the 1.5 volt battery is connected to
oppose or "buck the voltage of the
6 volt battery to the extent of 1.5 volts
Expressed differently 1.5 volts of the
6 volt battery is balanced out by the
1.5 volt battery, the resultant voltage
being 4.5 volts. This state is found
only when the batteries are connected
so that their polarities buck each
other, as for example the minus of
the 6 volt battery being connected to
the minus of the 1.5 volt battery.
The final 4.5 volts available from the
combination has the same polarity as
the main 6 volt battery ; that is to say,
the positive of the 6 volt battery is still
the positive terminal of the final 4.5
volt output, and the positive terminal
of the 1.5 volt battery is the negative
terminal for the 4.5 volt output. The
action of the 1.5 volt battery connected
as shown, is to counteract or counterbalance, whichever term you wish to
use, 1.5 volt of the 6 volt battery.
Such connections are often utilized to
reduce the voltage of a 45 volt B battery when the unit is utilized as the C

-r
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--1.5 V.-- -1-1
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4.5

Lo-

FIG.

V
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Illustrating the result of bucking

thus
counter -E. M. F.

one battery against another.

creating

a

battery for a 171 tube, which requires
a grid bias of 40.5 volts with 180 volts
on the plate. To reduce the voltage to
the proper value, a 4.5 volt battery is
arranged to buck the 45 volt battery
to the extent of 4.5 volts, thus reducing
the available voltage to 40.5 volts.
The action of opposing voltage in
series circuits is vividly illustrated in
A
battery charging combinations.
storage battery, an ammeter and a
charging source are illustrated in Fig.
11 and the explanation of the operation
of the system will be understood after
a study of the system depicted in Fig.
12. Without a doubt most of the read1III11
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Resistances in Parallel Circuits
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FIG.11
A

voltage drop due to battery B is equal
to the voltage drop due to Bl, the galvanometer will read zero. This is
equivalent to the rise of the battery
being charged to a potential equal to
the charging potential, at which time
the charging current will fall to zero.
By varying the slider on the resistance
it is possible to produce a preponderance of voltage drop due to battery Bl
or to battery B. If battery B1 is the
one being charged, it is always necessary to maintain the charging voltage
at a value at, least equal to that of
the battery, otherwise the current indicated on the meter would be the discharging current of the battery, discharging back into the line.

series circuit containing two
opposing voltage supplies.

ers of this article are aware of the
"tapering charge" system employed in
the majority of charging combinations.
The charging rate is high at the start
and gradually tapers until when the
battery is fully charged, the charging
current has been reduced to a very
small value. Let us picture battery B
to be the charging source ; the battery
B1 to be the battery being charged
and the galvanometer G to be the ammeter in the circuit. The resistance
R -Rl permits a variable charging voltage. Referring for a moment to Fig. 11,
let us consider the battery to be
charged as being a 6 volt storage
battery. The charging source is of
such nature that it supplies 2.4 volts
per cell in the battery. Since the voltage of the charging source is greater
than that of the battery a certain
charging current will flow. As the
state of charge increases the voltage of
the battery under charge will increase,
thus automatically decreasing the
charging current.
In Fig. 12, the battery B causes a
voltage drop across the resistance
R-R1. Battery B on the other hand
causes a voltage drop across the resistance R. Thus two voltages are
across the resistance R. When the

Now we enter upon the subject of
resistances in parallel circuits. At
first glance one is apt to wonder where
such circuits find use in everyday radio
practice. It is true that their use is
not as frequent as that of regular
series circuits, but they have their
place. An idea of two resistances
placed in parallel is shown in Fig. 13 -A
aid one use of this combination is
shown in Fig. 13-B. The latter illustration depicts two resistances in
parallel, located in the output circuit
of a B battery eliminator. R is the
resistance located within the eliminator and Rl is the variable resistance
located externally and connected in
parallel with the fixed resistance
within the unit. The function of the
resistance Rl located outside of the
eliminator is to permit the reduction
of the resistance R within the eliminator to the value required to permit
the flow of the necessary amount of
plate current required. The occasion
often arises when the plate current and
voltage available from a certain tap on
the eliminator is insufficient to fill the
requirements. The only means of in-

9I

FIG.12
Circuit

arrangement illustrating
a taper charge.

the action of
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creasing the available plate current
and plate voltage, is to reduce the
value of the resistance within the unit.
This can be accomplished with the
greatest ease by connecting a variable
resistance across the fixed resistance.
The selection of this resistance
and the method of calculating the

the resistance of Rl is 50 ohms the
current indication on ammeter A2
will be

I--

R

50

R2=n

50

or I =1 ampere
Now if we wish to express the total
current flowing in the circuit as indicated on A3 it would be
I3 =I1 plus I2 since
the total current flowing through any

MAX.

ELIMINATOR
OUTPUT
CIRCUIT

Two

90V.

FIG.13
circuits having

resistances
connected in parallel.

resultant resistances, when two such
resistors are in parallel will be
discussed in subsequent paragraphs.
The selection of the correct resistance
in order to obtain the required plate
current and plate voltage was described hi Part II of this series.
First, let us define the parallel circuit. A parallel circuit is one in which
two or more parts are connected between the same two points of a circuit.
In Fig. 13 -A, we see the two resistances
R and R1 connected between the same
two points of the circuit. In such parallel circuits we have two considerations. First is the resultant resistance
of the combination. Second is the
current flowing in each branch circuit.
Assuming a certain current flow indication on ammeter A3, we note that the
sum of the current flow indications on
ammeters Al and A2 is equal to that
on A3. To determine the current in
the branches of the circuit we must
adhere to a certain law, viz.: the current flow in any branch of a parallel
circuit is equal to the voltage across
its terminal divided by the resistance.
In other words, if we know the voltage
across the two branches of the circuit.
the current indicated on ammeter 1
will he equal to
E
1

=R

If the voltage is

50 volts and the reof R is 5 ohms, the ammeter

sistance
Al will indicate

I=50
5

or I =10 amperes
By the same method of reasoning if

ance divided by the number of resistances or

parallel combination inserted between
two points of a circuit is equal to the
sum of the currents in the branches.
We note that the current indicated
on ammeter A3 is 0 amperes, and further that the sum total of the current
in the two branches is equal to the
total current.
Supplementing this
fact, we further note that the current
in each branch is less than the total
and since the sum of the branches is
equal to the total, the resultant resistance of the two resistors in parallel is less than that of either one of
the resistances.
Now we arrive at the calculation of
the resultant resistance of two resistances in parallel. The voltage is constant across the combination, and the
current in each branch is equal to the
voltage across the combination divided
by the resistance of each branch; and
the currents are additive, the voltage
divided by the resultant resistance is
equal to the voltage divided by R plus
the voltage divided by Rl or
E

R2

_E

From the preceding formula we see
that in order to halve a resistance, we
must place in parallel with it, another resistance of like value. In
other words, the joint resistance of a
number of equal resistances in parallel
varies inversely with the number of
resistances used, viz; three like resistances in parallel will provide a resultant resistance equal to one -third the
resistance of one; four such resist anees, one- fourth, etc.
Let us see how we can apply the
above data to the eliminator circuit
shown in Fig. 13 -B. Suppose we have
It fixed resistance R of 5000 ohms
which cannot be tapped so as to reduce its resistance and permit greater
current and voltage at the 90 volt
tap. By connecting the resistance Rl
between the maximum output voltage
tap and the 90 volt tap, we have the
resistance Rl in parallel with the resistance R and the total resistance is
less than that of the smaller of the
two. If the maximum resistance of
Ill is equal to the total resistance of
R. the maximum resistance of the combination R-Rl will he
R
2

or 2500 ohms.

E

plus

R

-Rl

therefore the resistance of the combination is equal

-=- 1

to

1

1

plus

R2

R

R1

which is expressed as
1

R2

I

1

1

- -

or
5 plus 50
R2

1

=

22

1

or

R2

= 4.54 ohms

Expressed differently we can solve
for the joint resistance by using the
following formula :

I{2-

ExRI
R plus

I{2-

Rl

FIG. 14
series circuit Including three
resistances connected In parallel.

A

A resistance Rl equal to twice that
of It will give a maximum resistance
equal to

5000 x 10,000

3x50

15,000
55

R2=4.54
The explanation for the above formula
is that the joint resistance of two resistances in parallel is equal to their
product divided by their sum.
If by chance the resistance values of
the resistors are equal, the resultant
resistance of a number of parallel resistances of equal resistance, is equal
to the resistance value of one resist-

or 3333 ohms.
Let us now consider three resistances
in parallel as in Fig. 14. If we were
to place an ammeter into each branch
circuit the total current would equal
that indicated by the ammeter in the
main line. The joint resistance of the
three resistances in parallel is again
equal to
1

I

R

R1

1

plus

- R2 plue

1

and

if Rl equals

5

ohms
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and R2 equals 10

-

1

-

5

1

plus

R=

plus

10

ohms and R3 equals-40 ohms

-=
40 40
1

13 or

40 or 3.07 ohms
13

Expressed differently we can resolve
as follows
1

1

R

1

plus

-

5

1

plus

40

1

R

=

or 3.07 ohms

3.25
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the total amount of current flowing in
the circuit. The total amount of current in the circuit is the prime consideration when several parallel resistances are replaced by a single unit.
The reason for this is easy to comprehend. Glance at Fig. 13 -A once
again. A certain amount of current
flows through the branch circuit Ai
and a different amount of current
flows through the branch circuit A2.
The combination of the resistance and
the current flow in that branch results
in the dissipation of a certain amount
of power equal to 126 or to the curr^ut squared times the resistance.

FIG. IS
series circuit including three re.

sistances connected
a fourth resistance

In parallel
in series

and
with

the group.

Series-Parallel Arrangements
Now suppose we have a combination
of resistances in parallel and in series
as for example in Fig. 15. Here we
see three resistances in parallel and
one in series with the parallel com-

bination. The ammeter A indicates
the current flow in the circuit. Since
we have two sets Of resistances. the
voltage drop E across the individual
resistance will be equal to the current
in the circuit times the resistance,
which is the joint resistance of the
three in parallel. The solution of this
value was just concluded. The voltage
drop El is then equal to the current
in the circuit times the resistance of
the resistor associated with it. The
voltage drop E plus El is equal to
the current as indicated on the meter,
times the figure representing the resistance of the parallel resistances plus
the series resistance.
If Ave were to express the above
combination we would have the following: R2-=RR plus 111, where R is
the individual series resistance and
111 is the joint resistance of the three
parallel resistances.
In the entire discussion of parallel
resistances, we neglected to mention
that the joint resistance of the parallel
combination can be in the form of a
single resistance unit of the proper
resistance value. That is to say, if the
resultant resistance of two resistances
in parallel is 15 ohms, the two resistances can be replaced by a single resistance of 15 ohms, providing that
the resistance is capable of carrying

\w \TTA

I
1.5

3
3.5
4
7

10
15

20
2i
30
35
40
50
-101
151

200
Z:ÁI

300
350
400
500
750

5

-

3

Amperes
1.730
1.410
1.224
1.017
1.000
.970
.866
.774
.632
.547
.447
.389
.346
.316
.292
.274
.245
.200
.173
.141
.122
.109

.100
.097

.086

1000

.077
.063
.054

1500
2001
2501

.044
.038
.034

3001

.031

3500
4000

20000

.030
.027
.024
.020
.017
.014
.012

250101

.011

500

7500

10001
15.000

30O01
35000
40000
50000
75000
100000

.010
.009
.008
.007
.006
.005

3

Volta

1.73
2.115
2.448
2.742
3.000
3.395
3.44
3.87
4.74
5.470
6.705
7.78
8.65
9.48
10.220
10.960
12.250
15.000
17.300
21.150
24.400
27.250
30.000
33.950
34.400

38.500

46.650
54.000
66.000
76.000

85.500

93.000
105.000
108.000
120.000
150.000
170.000
210.000
240.000
265.000
300.000
315.000
320.000
350.000
450.000
540.000

W=3
W=6

x 2

equal to

R =1.5 ohms.

The power in watts being dissipated
by the resistance is equal lo

\\'- 22 x 1.5

This power is dissipated in the form
of heat generated in the resistance.
When the joint resistance of the two
resistances in parallel is obtained in
the form of a single resistance. this
resistor must pass or carry the current equal to the sum of the currents
present in each leg when the two resistances in parallel were used. Therefore. the current carrying capacity of
this resistance must be greater than
that of either one of the two resistances which comprised the branch circuit. The rating of the current capacity of the resistance is made by quoting the wattage capacity, since this is
the I2ß which is equivalent to E x I,
viz: We have a circuit containing a
resistance. The voltage across the resistallee is 3 volts and the current
flow is 2 amperes. The number of
tvatls being dissipated across that resistance is equal to

Resistance

x I

The resistance used in the circuit
is

Wattage Rating of Resistors

A

W=E

W=ti watts
The wattage rating of resistances is
of the greatest import where B battery
eliminators are concerned. We have
illustrated the method of determining
the correct value of voltage reducing
resistances required for use in B battery eliminators and the foregoing illustrates the method of determining
the wattage rating of the resistances.
In order to be in a position to select
the correct wattage rating, it is evident that the current flow must be
known. The accompanying table gives
the relation between current, voltage,
watts and resistance, showing the current carrying capacity and allowable
voltages that can he applied to resistances of 3, 10, 25 and 50 watts

capacity:
10

Amperes
3.163
2.572
2.235
2.000
1.835
1.689
1.579
1.414
1.154

10

Volts
3.163
3.858
4.470
5.100
5.505
5.911
6.316
7.070
8.655

1.000

10.000

.816
.708
.632
.577
.534
.501
.447
.365
.316
.258
.223
.200
.182
.169
.15R
.141
.115
.100
.081
.070
.063
.057
.053
.050
.044
.036
.031
.025
.022
.020
.017
.015
.014
.013
.011
.010

12.240
14.101
15.800
17.310
18.690
20.000
22.350
27.375
31.600
38.700
44.600
50.000
54.600
59.150

(To he Continued)
25

I

25

Amperes

Volts

5.000
4.083

5.000
6.124
6.840
7.885
8.817
9.342

3.420
3.154
2.939
2.672
2.500
2.236
1.826
1.598
1.298
1.119
1.000

.912
.844
.791

.700

.574
.500

.432
.353
.316

l0.Of10

11.160
13.695
15.980
19.470
22.380
25.000
27.360
29.540
31.640
35.000
43.050
50.066
64.800
70.600
79.000
87.800

94.150
100.000
112.000
139.500

100.000

.294
.269
.250
.224
.186
.15R

121.5101

.129

193.500

140.000
157.000
171.000
185.500
200.000
220.000
270.000
310.000
375.000
440.000
500.000
510.000
525.000
560.000
650.000
R25.010
1000.000

.112
.100
.091
.085
.079
.071

224.000
250.000
273.000

6,3.201

70.500
86.2.50

.0.5R

.050
.043
.035
.031
.029

.026
.025
.022
.018
.015

158.0060

297.501
316.000
355.000
445.000
5110.01111

645.000
700.000
775.000
870.001
910.000
1000.000
1100.000
1350.0o0
1500.000

I

I

50

Amperes
7.070
5.773
5.000
4.474
4.083
3.778
3.420
3.154
2.581
2.236
1.829
1.598
1.414
1.298
1.197
1.119
1.000
.818
.700
.577
.500
.447
.432
.378
.353
.316
.257
.220
.182
.159
.141
.129
.119
.111
.100
.081
.070
.0.57

.050
.044
.043
.037
.035
.031
.025
.022

50

Volts
7.070

8.659
10.001

11.18.5

12.249

13.223
13.680
15.770
19.357
22.360
27.435
31.960
35.350
38.940
41.895
44.760
50.000
61.350

70.000
86.550

100.000
111.750
129.600
132.300
141.200
158.000
192.650

220.000
273.000
:318.000

352.500
387.000
416.500
444.000
500.000
607.500
700.000
855.000
1000.000
1100.000

1290.000
1290.500
1400.00(1

1550.000

1875.000

2200.000

Courtesy of Electrad, Inc.
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Service is Keynote of Radio Set and
Accessory Merchandising
Electrical Instruments Make Laboratory Set Inspection Possible in
the Home
By Lewis B. Hagerman*
"B" battery, "C" bias or battery and
power amplifier with voltages up to
500 volts D.C., as well as all intermediate voltages down to a fraction of one
volt. They will also check the efficiency of the tube by showing the output in milliamperes, both with and
without a grid bias by pushing a button, "H," and in so doing will prove
that every circuit in the set is complete, or detect any open
circuits that might exist.
One of these instruments
is shown in the accompanying illustration.
The operation of this
part of the tester is almost
entirely automatic. The
ube is removed from the
-et and an adapter "D"
inserted that extends the
leads to the tester. The
t ube is then inserted in the
tester socket "E," and all
measurements made withwiring
out
additional
changes of any kind. The
meters are arranged so
that they can be connected
for measurement by means
of small push buttons "F."
that can be pushed down
for a momentary reading
or fastened permanently
for a prolonged test.
There are three meters
on the tester panel, but
they are so constructed
that they give the readings
of equivalent to nine individual meters, which
would be sufficient to
equip a fairly efficient
laboratory.
Meter "A" gives D.C.
voltage readings of 0 -500;
Sources of Trouble
0 -100 ;
0-50; and 0-10
volts ; also milliampere
There ire four places
A special set analyzer that will check A and B eliminators,
readings of 0 -10 and 0 -100.
in which trouble may
power units op to 500 volts, and all tubes including A. C.
tubes and 210 type power amplifiers.
This will test the output
originate: in the set itof any "B" eliminator,
self, the accessories, the
"A" eliminator, power pack or amplitubes, or the installation, such as the point, which is of prime importance.
To make this test requires au fier, and test any type tube, including
antenna and ground.
It has been truly said that the tubes adapter to bring the connections from the largest power tubes, such as the
are not an accessory to the set, but the tube sockets so that they will be 210 type. It will also give the exact
rather is the set an accessory to the accessible to electrical measuring "C" or grid bias voltage.
tubes. The function of a receiver is meters which will determine the reMeter "B" is a double reading, almerely as a coupling and selecting de- spective voltage impressed on the tube ternating current meter, with a range
conducting
vice to pass the correct frequencies and check the circuits
of 0 -3 and 0 -12 volts. This will test
and amount of current from one tube them to this point.
the A.C. filament voltages on any of
to another so as to enable them to perthe new A.C. tubes, for which a speAnalyzer
Radio
Set
form their function of amplification or
cial
adapter is furnished so that they
ou
Analyzers
There are Radio Set
rectification.
This being true, it can be seen there- the market that will completely check also can be tested in the analyzer.
Meter "C" is an 0 -150 volt A.C. meter
fore that the proper place from which every power supply unit, "B" elimito check a radio set is the tube nator, "A" eliminator, storage battery, for testing line voltages.

ERVICE has become a pre dominant factor in every branch
of modern industry. The success of any product and its acceptance by the public is in direct
proportion to the degree of service
that is rendered in conjunction with
its sale.
This word has been greatly abused,
and up to a short time ago, the offer
of service in the sale of a
radio set or instrument
was considered of little or
no value. This situation,
fortunately, has been rapidly changing. The radio
dealer who fails to give
intelligent service to his
customers is seeing his
sales drop, while those
who specialize in this feature are increasing their
by
benefiting
business
from the word of mouth
.advertising that results
from a completely satisfied customer, and are
cutting down overhead
created by returned sets
instruments
and
and
wasted time in trying to
satisfy a disgruntled customer, without an intelligent knowledge of just
what his trouble may be.
The question arises as
to what is the best method
of servicing u radio installation in the most efficient and expeditious manner, so that any trouble
that may be had with a
receiver or its accessories
can be accurately located
and corrected.

S

I

r

Anne

Jewett Electrical Instrument Co.

sockets, as at this point every source
of power as well as every circuit in
the set itself terminates. The actual
voltage delivered by the power units is
secondary to the question of whether
it is delivered to the tubes. Determining this ascertains that the power
units are O. K. or otherwise, and also
that the current arrives at its destination and is of the correct value at that

I
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A Good "B "- Power Unit
By James Millen
TIIIS power unit is strictly a
heavy duty type capable of
supplying the "B" -power to
even the largest of sets.
The voltage regulator tube employed,
not only prevents any tendency toward
motor -boating when used with sets
employing resistance coupled or other
such forms of high quality audio
channels, but also maintains the voltages at the various taps at constant
values, regardless of the load or type
of sets with which the power unit is
employed. The filamentless full -wave
rectifier tube, the wire wound resistors.
the high voltage short path condensers
contribute to long life and freedom
from trouble.

in an iron can. The grounding, not
only of the center -taps of the several
transformer windings but of the transformer can itself, is highly desirable
and constitutes an additional safeguard
against an unstable "B" -power supply
unit.

Rectifier Unit
As to the rectifier element, there are
several types which may be employed

but special attention is directed to the
new Raytheon R -9 tube which will

maximum number of tubes as we
understand that term today. The new
Raytheon tube is rated at 125 milliamperes, which is 40 milliamperes in
excess of the rating of the older
previous BH tube, rated at 85 milliamperes. In the usual five and six
tube receivers this reserve which constitutes a very large margin of safety
makes for an unusually stable receiver
with little chance for overtaxing the
output limitations of the "B" -power
supply device. So much for the transformer- rectifier section.

The Filter
The filter section, that part of the
"B" -power supply device which directly
follows the transformer -rectifier sec-

Transformer Unit
In general, "B"-power circuits may
conveniently be divided into three
parts: first, the transformer -rectifier
unit ; second, the filter unit and
third, the voltage divider unit. Under
the first classifications comes the transformer which steps up the house current to a usable value and the rectifier element, commonly a tube, which
alters the form of the stepped-up current from that of an alternating
nature to one of a pulsating unidirectional form. The transformer which
is selected for the purpose must be so
designed that when it is in operation
its core laminations will not produce
a 60 cycle hum, usually the result of
loose assembly. The better types of
transformers now available overcome
this difficulty not only by substantially
clamping the core -pieces together but
by imbedding the entire transformer
assembly in a wax compound.
Of
necessity the transformer should be
enclosed in a metal can which acts as
a shield to prevent the electromagnetic
lines of force set up by the transformer from intercoupling with other
nearby pieces of apparatus. Of late
there has been manifest a trend toward the combining of the audio
channel of a radio receiver with the
"B"-power supply device. Where such
a construction is attempted this last named consideration attains considerable importance as there is the possibility of the audio amplifying units
picking up the 60 cycle disturbance
where the transformer is not enclosed

Fig. 1. The corn.
pleted B- eliminator. This uses
the new Raytheon R9 rectifier tube which
does away with
the buffer condensers.
T he
voltage regula-

tor

tube

optional.

is

very satisfactorily handle currents up
to and including 125 milliamperes.
This is an important item because the
use of this tube in "B" -power supply
devices enables the owner of the
"multiest" of multi -tube receivers to
power it from the lamp socket without
the probability of operating the power
unit at its limit of handling capacity.
In other words, the use of this new
rectifier tube insures a current output
which is highly in excess of what will
be required by receivers employing a

tion, has as its main function the
smoothing out of the many pulsations
or ripples which exist in the output as
it comes from the rectifier tube. The
filter consists of a combination of
choke coils and condensers, the chokes
acting as a smoothing agent and the
condensers functioning in the dual
capacity of smoother and storage tank.
It is the business of the chokes to
retard or impede the flow of any alternating current which would manifest
itself in a series of pulsations at the
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rectifier output. Yet at the same time
the chokes must not have a high direct
Current resistance, otherwise there
would be too great a reduction in the
voltage available for use at the power
supply output. Now the use of a rectifier tube such as the 125 mil. R -9 tube
imposes certain restrictions upon apparatus which may qualify for use in
First, the chokes
the filter circuit.
must contain plenty of iron in the core
-that is, the core must be quite husky.
Secondly, the coils must be wound with
heavy wire so as not to set up too
great a D. C. resistance. The air gap
of the core must he such that the
chokes will satisfactorily pass. 100

slight, a mere fraction of the output
voltage of the transformer secondary,
it is well to choose filter condensers
which are rated at a working voltage
either equal to or in excess of the
transformer secondary voltage from
the mid -tap to either outside terminal.
This is a particularly important point
because if a poor make is selected it is
quite probable that such a filter unit
will be short lived, one or more of the
sections breaking down, making useless
those sections and jeopardizing the
others. As pointed out previously, the
use of the new 125 mil. R -9 Raytheon
tube in the rectifier circuit minimizes
the possibilities of broken clown conTYPE
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FIG.2
Schematic diagram of the B- eliminator which uses the new Raytheon
rectifier tube. Note the absence of buffer condensers.

milliamperes of current without saturating the cores. The chokes (two are
employed) may be assembled to be
contained together but they too should
be enclosed in a metal can for the same
reasons as given for the transformer.
The condensers comprising the storage tank of the filter circuit must
meet certain requirements which fix
their overall worth. First, they must
be of the proper capacity, that is, the
several condensers contained in the
block must not be lower in capacity
rating than the label on its front indicates. The only way to be sure that
the condensers finally selected are
satisfactory in this respect is to purchase units which have made a reputation for themselves and which are in
every way entirely reliable. Secondly,
these condensers should be of a voltage
rating which makes them satisfactory
for the particular type of "B" -power
supply in which they are to be employed. This factor depends largely
upon the transformer which is selected
to work with the type of rectifier tube
employed. For instance, in some filament types of rectifier tubes there is
only need for a 300 or 400 volt secondary winding on the transformer because the rectifier system is of the
single or half wave type. However,
when the R -9 Raytheon tube is employed as the rectifier in a full or
double wave rectifier circuit then the
transformer chosen must necessarily
have a higher secondary voltage output, usually on the order of 500 or 600
volts with mid -tap. Since the voltage
drop across the rectifier tube is only

R -9

(leasers because the new tube has a
lower peak voltage and thus exerts
less strain on the condenser bank than
with the older type of rectifier tube.
Together with the filter section of a
"B" -power supply may very well be
considered the use of the Raytheon
voltage regulator or R tube. The inclusion of such a tube in a "B "- supply
circuit presents several advantages.
First, because the tube has the property to function similar to part of the
condenser bank in smoothing out any
slight ripples which may have been
incompletely filtered by the chokes and
condensers, it makes possible the selection of n condenser bank with less
capacity in microfarads than was
formerly possible. In the older types
of "B" -power supply units it was customary to have a condenser hank consisting of a total of 14 microfarads.
as follows: 2. 2. 8. 1. 1. With the use
of the R tube. which by the way is
employed for tin entirely different purpose. it is only necessary to use a condenser batik totaling 12 microfarads,
surely an economical procedure. The
main use of the R tube is to maintain
at a steady figure the output voltage
from an intermediate tap at the output
of the complete "B" -power supply unit.
regardless of the total current drain
which might fluctuate under varying
conditions of load. The prevention of
"motor- boating," t it a t troublesome
noise which bothers satisfactory reception of radio signals where the receiver is powered from a dubious make
of power supply. is attributed to the
inclusion of a regulator tube to main-

tain the intermediate voltage at a
steady value.
Probably one of the
most serious objections to former types
of regulator or "glow" tubes as they
were called, was the tendency to
oscillate and thereby introduce noises
and other disturbances into the output
of the power supply, often of such a
disagreeable nature as to make reception virtually impossible. Besides the
usual two elements which have heretofore been found in such tubes there
is now incorporated in them a third
or "keep -a-live" element and its associated circuit. The complete keep alive
circuit is a most unique one in that it
consists of a tube within a tube where
the inner one is operated from a point
of high voltage off the filter circuit at
no load and keeps the gas within the
tube in an ionized state. If, for any
reason the voltage across the operating
electrodes should fall below a value
required to maintain the gas in an
ionized state, the potential of the third
element will be sufficient to maintain
A forty thousand ohm
ionization.
resistor is employed in the filter connection circuit to minimize the additional drain on the rectifier and filter
and limits this parasitic current to
approximately three milliamperes. Unlike former types of regulator tubes the
inclusion of the third element and its
associated circuit in the new type of
tube makes unnecessary the high starting voltage formerly required.

The Resistors
Like everything else which may be
classed as radio apparatus. resistors
suitable for use in "B" -power supply
devices have not been left to remain
unchanged.
By the use of the voltage regulator
tube, the necessity for variable resistors has disappeared. A long lived.
noiseless and trouble -free wire wound

Special connection for voltage
regulator tube.

resistor, with several taps, taking their
place.

With the new arrangement, there is
no "guessing" as to what voltage is
being delivered at any one tap: the
careless operator can no longer apply
excessive voltage to his R. F. or detector tubes; in fact, the power unit

becomes a true
na tor."

"B battery

Elimi-
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Constructing the "B" -Power

Supply
The arrangement of the parts as
shown in Fig. 1 was selected for two
reasons -to simplify construction and
to obtain compactness. As a result of
this compactness, the complete power
unit takes up but little more space than
a standard 45 volt heavy duty "B"
battery and far less than 180 volts of
heavy duty dry "B."
The "chassis" consists of 5"x10" Bakelite 34 inch in thickness.
Mounted underneath, but held away
from the bakelite plate by
inch collars or spacers are the power trans-
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former and the filter chokes. Between
these two units is mounted the 40.000
ohm resistor for the regular tube.
On top, the space is taken up by the
filter condenser, the tube socket, the
resistor and the binding posts.
As the R tube requires a contact to
the brass shell In addition to the base
prongs, either a spring contact, which
presses on the side of the shell when
the tube is inserted (See Fig. 3) must
be added to the R tube socket or else
a clip or strap must be fastened
around the tube base after it is inserted In the socket.
The several different leads from the
condenser block are of well insulated

An A. C. Operated Push -Pull
Amplifier
By A. R. Wilson

45

rubber covered wire and may be bound
together into a cable, as shown in the
illustration, in order to enhance the
appearance of the completed power
pack.
LIST OF PARTS REQUIRED
Power Transformer, Type R
11- National
National Filter Choke, Type SO
1-Dubiller B Block Condenser
2Radio Sockets
1- general
Arthur H. Lynch Tapped Resistor,
Type It

1-Arthur

II. Lynch 2,000 Ohm Resistor,

Type I'
1Raytheon R -9 Tube.
1Raytheon R Tube
--Itinding Posts

l-

5 "x1O

125 mils.

"xy" Bakelite Panel

25 Feet Corwico Rraidite

R.H.B. Machine Screws with hex nuts,
solder. etc.

resistance is usually variable and any
adjustment of it affects the plate voltage, consequently the final adjustment
is more or less an arbitrary value for
both grid and plate voltages. By
staking the plate voltage variable over
a wide range, it permits the tubes to

THE General Itadio Power Pack
is a complete two stage A. C.
operated amplifier, adaptable
for use after the output of the
detector tube or with a phonograph
magnetic pick -up, utilizing transformers with a 226 type tube in the
first stage and two 210 tubes in the
last stage. The rectifier system has
been designed to furnish approximately 750 volts D. C. when two 2S1
rectifying tubes are employed.
The voltages placed on the plates
of the two 210 tubes have been made
adjustable over a wide range as it
was felt that the common practice of
connecting the plate of the last stage
tube directly to the high voltage side
of the rectifying system was not in
keeping with the maximum efficiency.
In similar devices the grid voltage
for the last tube is usually obtained
by the voltage drop through a resistance placed in the grid return. This
Above: The completed A.C. Operated Push -Pull Amplifier.
Left:
The layout and wiring of the

amplifier.

be operated at their innximtttn efficiency regardless of the load.
The direct current available from
the rectifying system is approximately
200 milliamperes. A high current out-

.

Ei

..=ro,::rr
s

put makes for better voltage regulation and will easily supply sufficient
current to operate a multi -tube set
with a great reserve of power.
The construction and placement of
parts in the General Radio Power
Pack is evident from Fig. 1.
The wiring is all straightforward
and simple. The only precaution
needed is to place some sort of guard
over the high voltage side of the
power transformer and to use rubber
covered wire for all connections.
Under no circumstances should anyone attempt to make any adjustments
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without first turning off the electric
current.
For convenience the 2000 ohm variable resistor is mounted by means of
a metal bracket directly to the Bbinding post of the push -pull amplifier. When AC is used to light the
filaments of the tubes used in this
amplifier it is a simple matter to
utilize part of their plate current to
obtain a grid bias voltage. This is ac-

tubes are lighted from the low voltage secondaries of the power transformers. In the case of the 226 tube
a fixed resistance of 6 ohms, capable
of carrying at least 1 ampere, is
inserted in one of the filament leads

underneath the baseboard.
To operate this device it is simply
necessary to connect the oulPPut of the
detector tube or a phonograph magnetic pick -up to the primary of the

366

o

LIST OR PARTS REQUIRED

INPUT

The schematic diagram of the A.C. Operated Push -Pull Amplifier. Note
that the maximum obtainable B voltage is not placed on the plates of
the 210 tubes.

complished by connecting the Cbinding post directly to B- and
inserting a resistance, which in this
case is a variable 2000 ohm resistor
between the C- and the B- binding
posts. By- passing this resistance by a
condenser is sometimes helpful in
reducing hum.
The filaments of the rectifier tubes
together with those of the amplifier

input audio transformer. The reproducer is connected to the terminals
marked output on the push -pull amplifier. If it is desired, the push -pull
stage alone may be used by connecting
the output of another amplifier directly to the input terminals of the
push-pull amplifier.
Under normal operating conditions
the tubes, especially the two 281

The Vitrohm D. C. Unit with
Power Amplifier
THE Vitrohm D. C. eliminator,
described in the last issue of
RADIO ENGINEERING, has been
combined with an exceptional
two-stage amplifier with power characteristics. The first stage of the amplifier is transformer coupled, while
the second is push -pull, operating at
90 volts on the plates, with 9 volts
grid bias.
The combined eliminator amplifier
operates entirely without batteries of
any kind from the 110 -volt direct current light socket. All voltages, A, B
and C, are supplied through the eliminator to the receiving equipment for
use with the amplifier.
Using the combined unit is no more
difficult than hooking up any eliminator to a standard receiver. The
eliminator-power amplifier is so connected that leads need be run only to

rectifying tubes and the two 210 tubes
together with the resistance unit,
should get decidedly warm. If the
plates of the two 210 amplifying tubes
should get red after a period of use
it is an indication that the grid bias
voltage used is improper and the biasing resistance should be adjusted until
this condition disappears. It is almost a positive indication that one or
more filter condensers are defective if
the plate of the rectifier tube turns
red.
Under operating conditions, with
the primary of the input transformer
open, a hum should be beard in the
reproducer. This, however, should
almost disappear when the two input
terminals are shorted or a reasonable
load placed on them. In an AC operated device of this sort it is extremely
important that the plate and grid
voltages of the amplifying tubes be
adjusted properly as this helps materially in reducing hum ; also the cases
of the various parts should be
grounded to B-. When using a
phonograph magnetic pick -up with
this device it is sometimes helpful in
removing needle scratch to shunt the
input terminals by a fixed condenser.
The proper vhlue can only be determined after experimentation, but will
usually be around .01 mfd.

nulWlmnnlnlnumlmlmmmnmlmmlmmmmnmNmnminnlmmmltll@

The completed Vitrohm D.C. Unit
with Power Amplifier. Two 171's
are used In push -pull
anon
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3- General Radio
Type 365 Transformers.
1General Radio Type 366 Choke.
1- General
Radio Type 441 Push -Pull
.4mplifier.
2- General
Radio Type 446 Resistance
Units.
Type 285 D Transformer.
I-General Radio
Radio Type 349 Sockets.
32- General
General Radio Type 439 Center Tapped
Resistance Units.

1- General
Radio 6 Ohm Resistance
capable of carrying one ampere.
2000 -volt, 2 Mid. Condenser.
13- 1000 -volt, 4 Mfd. Condensers.
3

-500 -volt,

1

Strip

Mfd. Condensers.

Mfd. Condenser.
-1Variable
Resistance, 2000 ohms.
112" x 20 ".
1-Baseboard.
Misc. wire. screws, bolts, etc.
1

the receiver and the amplifier is automatically connected and ready to perform.
To those who have not had an opportunity to hear an amplifier of this
type working on 90 volts from direct
current sources a certain degree of
skepticism and doubt is natural. A
very brief discussion of the technical
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side of the question may help to clear
up skepticism. Let us compare this
new amplifier with a standard high
quality amplifier with 180 volts on the
plate of a 171 in the second stage.
The transformers afe 3.5 to 1 ratio.
Here is what we have for compara-

tive voltage amplification:
First.
Two Trans- Output
formers.
Tube.
Stage
171
OlA tube 3.5 to 1
3.5 squared
S
or 12.25
3
3.5x3.5x1

A

-

the Vitrohm D.C. Unit and Power Amplifier.

Total.
294

294+
S
or 12.25
3+
The conclusion is obvious. Look at
it any way you will, the second amplifier (with 90 -volt push -pull) has a
voltage amplification at least equal to
the regular amplifier with a 171 at
180 volts. The milliwatts output is
somewhat less, granted, but in practical use quality or volume from the
speaker is little affected. And incidentally the 90 -volt D. C. amplifier will
handle a signal input up to 18 volts.
So rather than losing with the push pull system we are more apt to gain
amplification and handling capacity.
There is another advantage in the
push -pull system which has a decided
appeal. Tube distortion and wave form
distortion are practically done away
with, due to the neutralizing effect of
the two opposed tubes in the system.
In actual practice this push -pull amplifier gives results and tone quality
which are most pleasing. Reproduction
is clean and clear cut. There is plenty
of volume. On any appreciable incoming signal the tendency will be to cut
down volume for regular home use.
Distortion is absent. And the final
point is simply that the amplifier
handles a heavy load admirably.
The eliminator section of the combined unit is fundamentally the same
as the Vitrohm D. C. eliminator discussed last month. The wiring of the

eliminator itself remains the saine, the
amplifier being wired in at the proper
points to bring voltage to the three
tubes.
The front panel of the eliminator
.

stays unchanged. The parts under the
perforated metal case are distributed
in the same manner, using the heat
baffle plate and the metal end piece to
throw heat upwards from the other
parts.
The two line fuses and their clip
holders are mounted under the baseboard in the combined eliminatoramplifier. This allows the Abox filter
to go closer to the metal case with a
resultant saving in space.
.Also under the baseboard are
mounted three Amperites controlling
the filament current on the amplifier
tubes.
A baseboard of treated transite
(hydraulic asbestos) 7/x24x% inch is
used to hold the complete unit. Six
mounting feet provide strong support
for the entire assembly.
The amplifier layout and mounting is

extremely simple, as shown in an accompanying photograph. The Ferranti
push -pull output transformer mounts
near the back center, with a socket on
both sides. The third socket mounts
in front of this transformer, up near
the Abox. Looking at the assembly
from the rear the AF4 transformer
goes at the left and the push -pull input
at the right. Two output binding posts
go at the back edge of the baseboard.
The schematic drawing shown here
gives the complete hookup for the
eliminator -power amplifier. If this is
followed no input posts or special connections to the amplifier from the set
will be needed.
In wiring endeavor to keep amplifier
grid and plate leads well apart with
grid leads as short and direct as possible. Rubber-covered wire will be best
for the whole Job, with the exception
of the leads to the top of the Abox
suit. which should be of duplex power
cable.
LIST OF PARTS REQUIRED

1- Ferranti
Type AF-4C Push -Pull Transformer.
1- Ferranti
Type OP -7C Push-Pull Transformer.
1- Ferranti Type AF4 Audio Frequency
Transformer.
3- Sockets.
2- Binding Posts marked "Output."
-.Abox Filter (6 volts).
1- Amperite,
1A.
2- Amperites,Type
Type 112.
1

6 -Ward- Leonard

Vitrohm Resistors, B300.
With Mounting Bolts.

-Ward- Leonard Vitrohm Resistor, No.
507 -52, With Mounting Bolt.
1 -Ward- Leonard Vitrohm Resistor, Type
ASCT, With Mounting Bolt.
1 -Ward- Leonard Vitrohm Adjustat, 10.000
1

Ohms.
1-Ferranti
B1 Audio Choke.
2-5 Ampere Fuses and Four Clips.
-Cord and Plug.
1- Parvolt
Condenser, Block 2, 2, 2, .5,
Mfds.
1- Sangamo Mica Condenser, .002 Mfd.
1

.5

S-Binding
Posts,
67 volts,

marked Power B plus,
B Det. plus, A Bat. plus,
Bat. minus, Gnd, 4 Volts C minus,
9 Volts C minus.
1 -Heat Bailie PlateTransite 4%
x 634
x
inch.
Baseboard, Transite, 7%x24x% inch.
Bakelite Front Panel 4 7- 16x3x7 inches.
110-volt Toggle "on-off" Switch.
Polarity Indicator (Charge -O- Discharge).
Stamped Metal Case.
(Incidental hardware, including tapped
rods, six mounting feet and mounting
A

11111-

brackets for metal case.)

Converting the D. C. Receiver
to A. C.
CONVENIENCE has been a
prime mover in life since days
primeval.
At the advent of the first
receiver designed for broadcast reception. convenience of operation was
not accorded any thought or consideration. The paramount item was reception. With the gradual progress in design, the ultimate receiver owner -operator was taken into account and
items which would tend to make operation simpler and more convenient,
were given detailed thought. The first
step was the development of the low

current consumption (filament) tube,
thus increasing the periods between A
battery recharging. Then arrived the
B-eliminator, which was soon followed

by the A. C. receiver.
"Converting the D. C. receiver to
A. C." is the title of a story by John F.
Rider, in which he describes the con-

version of an Atwater Kent 6-tube
D. C. receiver into an A. C. operated
unit by means of an A. C. filament
adaptor harness. While this one particular receiver is used as a concrete
illustration, the harness is adaptable
with equal facility to practically any
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standard five or six tube D.

tube and the green lead is the B
minus and C plus.
The actual conversion process is
simple, and the position of the adaptor
harness as applied to this receiver is
shown in Fig. 1. The regular D. C.
tubes are removed from the receiver,
and the harness adaptor sockets placed

C.

receiver.
The story continues as follows:
I know that many fans are interested in the conversion of their receivers from D. C. to A. C. filament
supply, particularly when alterations
in the receiver wiring are unnecessary.
AC 'FILAMENT SUPPLY
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Complete connections to the A.C. Adapter Harness and to the binding posts
of a 6 -tube receiver.

The person knows very little about receiver wiring and the ultimate gain is
convenience. Therefore, I am going
to briefly describe the transition.
I have mentioned the receiver in
use. It is a six tube affair utilizing
three stages of radio frequency amplification, detector and two of transformer coupling. The harness used
consists of six adaptor sockets wired
for three stages of radio frequency amplification, detector and two stages of
audio frequency amplification. These
sockets are wired to a cable which
contains the necessary filament mid tap resistances for all types of 226
and 227 A. C. tubes, and 112 and 171
tubes, or other tubes whose filament
characteristics are similar.
The cable consists of nine leads.
Six leads supply the filament potential
for the various tubes' in the receiver;
two supply the bias required for the
227 type detector tube, and one is connected to the new receiver volume control, which is in the form of a rheostat controlling the filaments of the
radio frequency tubes, an ideal forni
of volume control. The filament leads
comprising the harness are pairs of
black, blue and red wires. The black
leads are the 1.5 volt leads for the
226 tubes; the blue leads are the 2.25
volt leads for the 227 detector tube
and the red leads are the 5 volt leads
for the 112 or the 171. The yellow
lead is the B plus 45 for the detector

into the receiver sockets as shown in
Fig. 2. The loose end of the cable is
passed through the wiring hole in the
rear of the receiver cabinet. The two
wires from the harness volume control
rheostat are disconnected, passed
through the rear hole in the cabinet
and again fastened to the rheostat. If
the original receiver wiring is equipped
with filament rheostats, theee are permanently fixed at "full on" position
and are not manipulated thereafter.
The control of receiver volume is
effected with the harness volume control. The harness leads are then connected to the proper terminals on the
filament heating transformer required

Showing the
A.C. Adapter
Harness installed

Atwater
6 -tube

Transformer.

-227 Detector Tube.
4-226 Amplifier Tubes.
1 -171 Power Amplifier
1

WHEN

A

with the harness. The yellow and
green leads are attached to the Beliminator plus 45 and minus B respectively, or to the plus 45 and minus
B of the B battery, if battery source
of B potential is employed. The
original A minus, A plus, C plus and
B minus posts in the receiver terminal
board are connected together. The
A. C. tubes are now inserted and the
receiver is ready for operation.
The exact equipgtent used tp couvert
(his receiver into an A. C. unit is as
follows:
1 -Eby
Six Tube A. C. Adapter
Harness.
1- Silver -Marshall 247 Filament

in

the

Kent
battery

type
operated
receiver.

Tube (this
tube was also used when the
filament supply was D. C.).
Fans who have five tube receivers,
consisting of two stages of radio frequency amplification, detector and two
stages of audio should use a five tube
harness in place of the six tube affair
used in this receiver. The adaption of
this harness does not require any
changes in either B or C potential,
since this harness effects only the filament circuit, which voltage is supplied
by the power transformer from the
house supply. The control of the complete filament circuit is simple. In our
case, the B supply and the A. C. filament supply are connected to a double
plug which is located in a lamp socket.
The switch controlling the lamp socket
controls the filament and B supply for
the receiver. If the B supply is a B
eliminator with a built -in flush receptacle and a switch, plug the filament
transformer lead into the receptacle
and use the B eliminator switch to
turn them both on and off.
These harnesses are adaptable to
many other five and six tube receivers.
It is essential, however, that the correct filament heating transformer be
used, since the correct filament potentials and current values are essential.
The transformers suitable with this
harness are : Haras AC Former ; Don tau No. 6515; Acme AC2; Jefferson
Nu. 464 -131 and Silver -Marshall No.
2IT.

-
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Herbert H. Frost Leaves Cunningham-M. F. Burns Newly
Appointed Sales Manager
Herbert H. Frost, General Sales
Manager of E. T. Cunningham. Inc.,
has tendered his resignation, effective
February 29, 1928.
Effective March 1, 1928, Mr. M. F.
Burns, who has been New York District Sales Manager for Cunningham,
becomes Sales Manager.

Herbert H. Frost Joins Federal Brandes
At a meeting of the Board of Directors of Federal- Brandes, Inc., manufacturers of Kolster Radio, held on
January 23rd, Herbert H. Frost was
elected a Vice-president of the Corporation. in charge of Merchandising.

Melhuish Becomes Director of
Radio Division, N. E. M. A.
H. T. Melhuish, formerly manager
of sales administration of the Radio
Corporation of America. has joined the
staff of the National Electrical Manufacturers Association as Director of
the Radio Division, according to announcement by Alfred E. Waller,
Managing Director of NEMA.
For the past five years Mr. Melhuish
has been one of the principal executives of the Sales Department of the
R. C. A. representing that corporation
in the various trade associations and
other outside affiliations as well as coordinating the work of the several divisions of the Sales Department.

Ernest Kauer Elected to
R. P. A. Directorate
Mr. Ernest Kauer of the C. E. Mfg.
Co., Providence, R. I., has just been
elected to the Board of Directors of

the Radio Protective Association.

Pamphlet on Aquadag

-a

To break up graphite
comparatively inert, non -fusible solid, insoluble
In all known solvents -into particles
sufficiently fine to pass through the
pores of a filter paper is quite a feat.
Dr. E. G. Acheson, the father of car borundum, not only succeeded in accomplIshing this but did it on such a

large scale as to make the resulting
product an article of commerce.
"Defiocculated Graphite, as Dr.
Acheson calls it, is obtainable as a
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colloidel solution in either oil or water
and is marketed as Oildag and Aqua (lag. respectively. The merits of the
former as a lubricant have frequently
been cited in the scientific press.
Aquadag is not only indispensable in
the drawing of tungsten wire but enjoys at the same time, numerous special applications in the radio field, including its use as a raw material in
the manufacture of grid leaks, resistances, etc.
An interesting folder on these products has just been issued by the
Acheson Products Sales Company, Inc.,
of Newark, New Jersey. A copy can
be had upon request.

Rochester Radio Show Set for
September
The dates of the Fourth Annual
Rochester Radio Show, sponsored and
managed by Rochester Radio Trades,
Inc., have been set for September 17
to 22. inclusive, 1928, at Convention
Hall. Rochester, N. Y.

Arborphone Appoints New
Detroit Distributor
General Sales Company, 124 Woodward Avenue, Detroit, Michigan, has
recently been appointed distributor for
Arborphone Radio and Power Speakers in Detroit and vicinity, says an
announcement from the Arborphone
factory.
According to Louis Ingram, Sales
Manager of the General Sales Company, the new Arborphone A. C.
operated models are moving rapidly.
and. with the reopening of the Ford
Motor plants and the prospects of a
banner year in other motor car factories. a gratifying increase in radio
sales is expected.

C. C. Henry Joins Majestic
Charles C. Henry, for the past four
years with the Sonora Phonograph and
Radio Company of New York, has
joined
the
Grigsby -Grunow-Hinds
Company, of Chicago, manufacturers
of Majestic Electric Radio Power
Units, and has already entered upon
his duties in his new location. Mr.
Henry occupied the post of Radio
Sales Engineer with the Sonora Company and will continue as Sales Engineer for Grigsby-Grunow-Hinds Company.

A
Association to the aeronautical industry, to develop radio aids for air navigation, the RMA has been advised by
Mr. George K. Burgess, Director of the
Bureau of Standards, Department of
Commerce, that the Bureau is preparing a comprehensive report covering
the work done by Government scientists in the Bureau in developing apparatus for aeronautics. This is to
be furnished the RMA Engineering
Division for its studies and laboratory
experiments in development of radio
apparatus for use in connection with
aerial commerce. RMA engineers are
engaged in studies looking to the development of fixed aerials for airplanes,
for the use of short wave transmissions in aerial navigation, and other
radio nids in aeronautics.

Roy Dunn Joins Splitdorf
Roy S. Dunn has joined the staff of
Splitdorf Radio Corporation as western radio sales manager.
The announcement of Mr. Dunn's
appointment has just been made by
Hal P. Shearer, general manager of
Splitdorf. Mr. Dunn will handle all
radio sales for the Splitdorf organization in the North Central States.

J. W. Jenkins Sales Representative for Arborphone
J. W. Jenkins has joined the national
sales organization of the Arborphone
Division, Consolidated Radio Corporation, Ann Arbor, Michigan. as special
Sales Representative.
Mr. Jenkins will work intensively
with a selected list of Arborphone distributors, helping them apply to their
own territories the Arborphone plan
of merchandising. His long experience in selling and his intimate technical knowledge of radio should prove
very valuable to those distributors
with whom he will work.

Naylor Joins Arcturus
L. P. Naylor is

the latest addition

Radio Aeronautic Report

to the corps of radio pioneers headed
by George Lewis, added to the executive staff of the Arcturus Radio Company, A. C. tube manufacturers of
Newark, New Jersey.
Mr. Naylor, Sales Manager of the
organization, is a graduate E.E.
(Columbia University) and made his

In connection with the assistance
offered by the Radio Manufacturers

radio debut in the rather distant days
when crystals were used as detectors.
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L. A. Chambers Co. Open New
Offices
A successful sales year has made it
possible for the L. A. Chambers Company to establish new and larger headquarters in the Machinery Hall Building nt 549 West Washington Street,
Chicago. The L. A. Chambers Company is the sole representative in Chicago and the outlying districts of TobeImeuhchnuum Company and SilverMarshall, Inc.

factors in the design. This calls for
high voltages and high values of
power.
Realizing these needs, this
company has recently installed a new
4,000 -watt testing unit in addition to
the old one. This testing unit provides D. C. voltages from a fraction
of a volt up to 4,000 volts and A. C.
voltages of the same value.
All of the equipment is controlled
from a single panel board, and is
equipped with ultra- modern safety

He will work in conjunction with the
Grier -Sutherland Company, Detroit,
wholesalers for Federal Ortho-sonie
radio in that territory.
Mr. Wilkin 's assignment to California fills the post left vacant by P. J.
Rundle. who was recently made special
representative.

devices.

cost of radio products was initiated
recently at New York by the Radio
Manufacturers Association through its
Traffic Committee of which Captain
William Sparks, of Jackson, Michigan, is chairman. After conferences in
New York with RMA directors and officers and also traffic experts of RMA
members, Captain Sparks headed a
delegation which appeared January
12th before the Consolidated Classification Committee and inaugurated the
effort to secure fair and lower railroad rates for radio receiving sets, accessories and parts.
The Classification Committee indicated its agreement with the RMA delegation on the latter's plea to reduce
the minimum carload weight required

Chas. Himmel Appointed Chair-

man of the Mayor's Radio
Committee
Mayor Wm. Ilale Thompson of Chicago. has appointed Mr. Chas. S. Himmel. 1111 South Wells Street, chairman of the Mayor's Radio Committee.
Mr. Ilhumel. who is well known in
the Radio Trade, is manager of the
Hudson -Ross Company, Inc., Radio
Distributors. is now planning his committee, which will be composed of the
leading Radio men of this section, and
directors of many of the Broadcasting

Stations.
The names of the members of this
committee will be announced later.

Co- operative Research by Radio

Protective Association
Plans for co- operative research by
the independent manufacturers in the
radio industry were made at the first
meeting of the new Committee on
Patents and Engineering of the Radio
Protective Association, recently held
at the Palmer Flouse in Chicago.
The committee decided to invite the
assistance of the independent engineers and inventors of the industry,
whether they are connected with
manufacturers who are members of
the association or not. A number of
offers of new circuits and new radio
devices had already been received at
the Chicago headquarters of the association, and were referred to »members
of the committee for further investigation.

Aerovox Installs 4,000 -Watt
Testing Plant
A veritable power house has been
installed by the Aerovox Wireless
Corporation for the testing of their
power condensers and resistances.
The gradual trend towards high voltage "B" eliminators and amplifiers necessitates the testing of the
fixed condensers and resistances designed for use in these units at not
only the rated voltages, but at much
higher voltages to study overload
characteristics. In addition, in the
endeavor to produce a meritorious
product it is essential that the fixed
condenser and resistance manufacturer he in a position to carry out
extensive research work on the powerhandling ability of these units so as
to incorporate satisfactory safety

E. T. Angell Joins Polymet
Mr. E. T. Angell, formerly with the
Daven Radio Corp., has joined the
Polymet Mfg. Corp., 599 Broadway,
New York, as Assistant Sales Manager. Mr. Angell comes to the Polymet
organization with a wide acquaint-

ance among the jobbers and manufacturers of the radio industry.

Peter Podell Resumes Radio
Activities
Peter Podell. president of the Peter

Podell Company, Inc., announces his
resumption of radio activities after
an absence of six years from the field,
during which time he was in the automotive selling field and sales manager
for Dodge Brothers.
Mr. Podell is at the present time. a
factory representative for several automotive lines, and is manufacturing
cone speaker and "A" eliminator kits.
His company is located in the Fisk
Building at 250 West 57th .Street,
New York City.

Zenith Uses Hiler -Tuned
Double Impedance
Announcement is made by the Hiler
Corporation that the Zenith
Radio Corporation of Chicago, manufacturers of the Zenith line of radio
receivers. are using tuned double impedance coupled audio frequency
amplification in their 8 -tube receiver.
This type of audio amplification is
the invention of E. E. Hiler, an
American engineer. and is covered by
IT. S. patent numbers 1389692 and
Audio

1615224.

Other licensees operating under
Ililer patents are Ford Mica & Radio
Co.. Leslie F. Muter, American Specialty Company, Paragon and Kenneth Harkness Laboratories.

under the tariff for radio cabinets and
receiving sets. The present carload
minimum of 20,000 pounds cannot be
loaded by radio manufacturers except
in rare instances. The average carload is from 12,000 to 18.000 pounds.
and the RMA delegation's request for
a minimum of 16.000 pounds appeared
to be favorably received. The rates on
radio accessories and parts, with additional information on cabinets and receiving sets. will be discussed further
before the Classification Committee at
Chicago.

Federal Issues New Service
Manual
A very effective and adaptable type
of service manual has recently been
issued by the Federal Radio Corporation for the use of Federal Orthosonic wholesalers and retailers. This
is a looseleaf book, printed on a distinctive buff paper, and completely

furnished with index tabs for easy
reference. Standard supplements,
by 11 inches, can readily be inserted
when necessary. Wherever possible,
notes and sketches pertaining to the
general text have been placed in the
margin to eliminate needless turning

8.

of pages.

Federal Appoints New Representatives in Michigan and
California
The Federal Radio Corporation announces the appointment of W. F.
Kroenig as territorial representative
in Michigan to replace H. H. Wilkin,
who has been transferred to California. Although a new member of the
Federal sales organization, Mr. Kroenig has had several years of selling experienee in radio. and is expected to
continue the good record in Michigan.
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Radio Railroad Rates
A movement to reduce the delivery
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Directory of R. M. A. Personnel Available
The Radio Manufacturers' Association have just completed, for mailing
to all members. a complete directory
showing the officers and directors of
the association and also a complete
list of all committees, and committee
personnel.
In addition there has been prepared
an organization chart which is printed
in conjunction with the above list.

,. -......r
.

Radio Engineering. Febraarp. 1928

NI1

Page 51

VftCF1IENTçs

or
Daven A. C. Tube Ballasts
The Daven Radio Corporation, of
Newark. N. J., has developed two A.C.
tube ballasts, the Daven AC -20 Ballast
and Daven AC-27 Ballast.
It is stated that these ballasts are
so designed that they compensate for
any voltage or current fluctuations,
due to inaccuracy in transformer
windings, line surge, or overload. that
is likely to prove ruinous to alternating current filaments.
Whereas. ordinary D.C. ballasts
have become universally adopted because of their convenience in eliminating rheostats, the A.C. ballast is required more as an actual protective
device.
The manufacturer states that used
with any standard filament transformer. normally delivering 3.5 volts
for type 227 A.C. tubes. the Duren
A(' -27 Ballast, operating with a 20 volt
line variation. gives a total variation
of .17 (17/100) of a volt. The mini is 2.225 volts. and the maximum
2.4 volts -the best operating range of
227 type tubes, according to RCA specltications.
The Daven A(' -211 Ballast. operating
from a transformer aorntnll_y delivering 2 volts. and with a 20 volt line
overload. gives a total variation caf
.16 (16/1(0) of a volt on type 220
tubes. The minimum is 1.3. and the
maximum 1.40 volts,- the best operating point for minimum hum.

Carter A.

C. Tube Adapter
Harness

The new Carter Adapter Harness
manufactured by the Carter Radio
Co., ('hk'agu. Ill., makes it possible
to convert practically any battery operated set to AC tube operation.
When making this conversion, it is
not necessary to do any wiring or
niake changes in the set. The entire
operation takes but a few minutes.
Simply remove the present tribes.
nutect the "A" and "C" batteries,

tli

insert the adapters which are part of
the Carter Adapter Harness. into the
tube sockets, insert the Al' tubes, and
attach the end of the Harness to the
l' ling posts on the filament transformer. The terminals and wires are
clearly narked.
Since the "A" and "l "' batteries
were disconnected, the "A" battery
terminals. or leads, remain anus([.
The "e -" terminals or binding posts,
shunld be eiuneeted to the "C -' binding posts with a short piece of wire.
The receiver is then ready to operate.

of (omyerting battery operated sets
over to A. C. operation and solved it
by the development of an A. C. adaptor
harness whereby practically any standard ti t, or six tithe I). C. fllawent
radio receiver, cnu he converted into
au A. C. filament operated installation. without nutlesting any of the

wiring within the receiver cabinet.
After a survey iif the majority of
popular receivers manufactured since
the advent of radio btoadeastio_. the
engineers of the II. II. Eby ml1g. ('or
I uty. announce the development of an

The Eby A.C. Adapter Harness for 6 -tube receivers.

After the set is converted the old
volume control usually becomes inoperative. 'l'h( must effective volume
control for At' operated sets is a
variable resistance connected across
the aerial and ground terminals. The
Carter No. 100 Auxiliary Volume
Control consists of a suitable variable
resistance on a 111 foot cord. The
other end of this curd may be eon -

ut'ct(d across the aerial and ground
binding posts of a radio set. This
permits adding a volane control to
any converted set 'Vithuut changing
the wiring.
Standard harnesses are available
for 5. ti and 7 tube sets, both with or
without power tube.

New Eby A. C. Adaptor Harness
Accessory manufacturers have nc'to the prublenn

(ordd serious thought
C

alAS

harness adaptor suitable for use
with practically every standard rive or
six tnIii D. t'. filament receiver. The
only other things which are necessary
to buy with this harness are the A. C.
tubes and at filament supply transhornier Uf standard make.
A. C.

Lignole Adapts New Style Inlay
for Kit Panels
The I.lguole l'urporatien. manufacturers of Lignole I;adiu Panels, has

rei'eiitl adopted

This inlay consists of it uarruw strip
of imported tulip \\ eo,l bordered on
each sicle by a narrow line of white
holly and the whole. bordered by u
narrow line of black ebony. This
marqueterie, as it is ealled. is inlaid
into the panel and nerves to separate

luirOff

TYPE

REf,ULA7UR

TUBE

7/

TYPE

ITUBE
I
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®®tf./g
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style of inlay

a new

iu cuujauctiou with their kit panels.
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Wiring layout of Carter A.C. Tube Adapter Harness, including A.C. tube transformer, for

6 -tube

receivers.
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the body of the panel from the darker
shaded margin or border which comes
in contact with the cabinet.
This two -tone effect,as they term it,
permits a panel to be placed in any
.style or make of cabinet irrespective
of the shade of stain used in finishing
the cabinet. Lignole panels are also
made in. the above two -tone effect

New Lignole panel with attractive

inlay.

but instead of using the Inlay have
substituted in its place a narrow vein
which in the same way serves to separate the two shades of the panel.
While these panels lack the extreme
beauty and attractiveness contributed
by the inlay, they are, nevertheless. a
very attractive panel and represent a
material saving in cost.

Arcturus "A -C Cable"
By means of a simple and flexible
device, known as the "A -C Cable," it
is possible to adapt many battery receivers to the use of alternating cur-

rent tubes.

The "A -C Cable" is manufactured
by the Arcturus Radio Company and
N designed to adapt their A -C tubes

neetions. As the Arcturus tubes are
nections.
ail of the four prong base heater type,
no change in the detector socket is
necessitated.
It has been necessary to design a
special tube, providing the A -C Cable
connection screws, for this purpose.
The Cable tubes are manufactured
with the same characteristics as the
standard Arcturus A-C tubes. i.e.,
amplifier, detector, high -mu and power
types. respectively the 2SC. 26C 32C
and the 30C.

The Benjamin Electric Manufacturing Company, of 128 So. Sangamon
Street, Chicago, Ill., have devised a

Amsco Duo -Space Condenser

Benjamin Sub -panel Supports.

Amsco Products, Inc., of New York,
specialists in tandem tuning apparatus,
have brought out a line of extra -space
condensers, having a spacing between
rotor and stator plates of 32 thous-

receivers.
The "A-C Cable" takes the form of
the conventional buttery cable. In the
majority of eases it consists of three
colored leads in a braided covering.
having paired outlets spaced according to the tube arrangement in the
receiver. It is only necessary to connect the A -C tubes to the cable by
means of two small screws provided
on the base of tubes, insert them in
the socket and make the transformer
connection to convert the average receiver to A-C operation. According to
the manufacturer. the operation requires a screw driver and ten minutes.
No changes whatever are made in the
wiring of the receiver, all battery and
eliminator connections being effected
through the "A -C Cable" and the
original set cable. With the exception
of the transformer the power leads
onare usually identical with the D-C eon-

1

9029.

The supports thus made are adjustable to sub -panel heights of 17A" to
The two brackets proper are
2
used in the same manner as the ordinary rigid type bracket.

".

Amsco Duo -Space Gang Condenser.

andths of an inch, ten thousandths
greater than standard types. These
condensers, known as the Duo -Space,
are made in'single, double and triple
units. The large spacing, in addition
to contributing an accuracy essential
to single dial arrangements, recommends their use in power oscillators
and five watt transmitters.

Arcturus A.C. Cable and special Arcturus Tubes.
to a number of different and popular

very clever arrangement of this sort,
using the four heel plates furnished
with their adjustable bracket set No.

Condensers built up in three or more
gangs are often thrown out of alignment by different forms of mounting
which place varying stresses on the
frame. Condensers that match perfectly in the laboratory will often be
found considerably out, and to different degrees depending on whether
they are mounted with two or three
screws. or base mounted. The possibilii. ..f discrepancies arising from
this cause is also eliminated in the
Duo -Space Precision three gang condenser by casting the frame in aluminum. :1 factor of safety characterizing the casting eliminates the possibilities of warp.

Benjamin Sub -Panel Support

With the increasing use of wider
sub-panels. it is frequently advisable
to use some auxiliary support in addition to the self-supporting brackets.

Muter Audiochoke

The Leslie F. Muter Company, 76th
Street and Greenwood Avenue, Chicago, Ill., have placed on the market
all audio choke designed to be used in
the plate circuit of the detector tube
and the plate circuit of the first audio
frequency tube to prevent audio frequency regeneration. Since audio frequency regeneration tends to alter
the frequency characteristics of a good
audio amplifier and inject undesirable
humps in the characteristic curve, it is
desirable to use sonie form of choke,
together with a by-pass condenser to
prevent this reaction.
The Muter Audiochoke has been designed to have an inductance equal to
that obtained by transformer secondaries, but has a D.C. resistance of only
445 ohms. The drop in B voltage
across the choke is negligible thereby
in no way reducing the efficiency of
the power supply.
The effective inductance of the choke
is 100 henrys when used with a 201 -A
type tube and may be used with tubes
drawing plate current up to 15 milliamperes without becoming ineffective at
any frequency.

nnnvn icmnncnunm iwmmti

New Muter Au-

diochoke.

Spice a by-pass condenser is essential, the Muter Company have included
it in the case with the choke. This
condenser has a capacity of 1 Mfd. and
is tested at high voltage.
The Muter Audiochoke can also be
used to advantage in the first and
second stages of either a resistance or
impedance coupled audio amplifier.
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NO Radio set is any better than its
weakest link, and the weakest link is
very often a filter Condenser. No Condenser is any better than the thin strips

sEATllt

A -C

ADAPTOR

HARNESS

Enables Any One to Convert a Battery
Set Into a House Current Receiver
-Without Rewiring.
The

Corwico

RADIO designers and builders should
lare the assurance that Condensers which
they use are made with DEXSTAR Con-

Harness consists

twisted
cable of heavy
of a

Corwico F
ible wire
t h e

l e

It is insurance against
many radio troubles. The leading Condenser manufacturers are now using
DEXSTAR Condenser Tissues exclusively.
denser Tissues.

x-

and

necessary

number

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 product of a paper mill which has excelled
in Tissue Paper production for three
generations.

of

adaptors to fit
into the sockets
of the battery

set to be converted. Connect the harness to any standard
step -down transformer, insert the A-C tubes into the
adaptors and the old battery set is changed into an A -C
Receiver.

Made in Two Types

Corwico A -C Harnesses are made in twu types -one with
adaptors attached for R.C.A. and other A -C type tubes and
one without adaptors for Arcturus A -C tubes.

Convert Your Old Battery Sets
The Corwico A-C Harness offers a way out to those dealers
and jobbers who are over -stocked with obsolete storage battery receivers. With Corwico A -C Harness these sets can
be easily and quickly changed to house- current receivers and
moved on to the consumer -enabling dealers and jobbers to
turn such old stock into cash.

Write for lull particulars.

CORNISH WIRE COMPANY
32 Church St., New York City
Chicago Oftic, 326 W. Madison St.

C. H. DEXTER & SONS, INC.
Makers of Highest Grade Thin Papers
WINDSOR LOCKS, CONN.
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Karas A.C. Former
The Karns Electric Company, of 4040
No. Rockwell Street, Chicago, Ill., announce their new A.C. Former de-

signed for supplying raw alternating
current to the filaments of A.C. tubes.
The Karns A.C. Former has removable stand feet and long threaded
binding posts so that it may be
mounted on the sub -panel of the radio
receiver. or used externally as desired.
Together with the cord and plug for
eonnectiltg the A.C. Former to the light
socket. there are two wires protruding
from the rear cif the case which connect direct ly to the filament switch on
the radio receiver. This saves having
to tap or splice the light socket cable
or the trouble of removing the plug
from the light socket when the set
is not in use.

Efficiency of these center tap resistors depends upon how closely the
tap approaches a true electrical cener for grid return connections. To
this end, the Daven Radio Corporation has developed a wire wound center tap A.C. resistor, that is wound
f
each end inward. with the two
matched windings collij tcd at the

Daven Center

Tap Resistor.

It is claimed that this is
the best known practice for arriving
at a true node point.
Resistors of this type are now available to set constructors for application in any circuit calling for 10. 25,
and 00 ohm sizes.
mid -point.

Ettco Tap Holding Chuck
new line of Tap Holding Chucks
have been added to the tools manufactured by the Eastern Tube & Tool
Co.. 5t)4 Johnson Avenue, Brooklyn,
A

N. Y.

This new Tap Chuck has sonie very
new and novel features. The operator
can see the two floating jaws actually
gripping the square. The grip is positive as the square of the tap is held
by the two floating jaws which are

VIY

Karas A.C. Former.

By prucidiug a center tap on each

of the lote voltage windings at the
bias
electrical center, the proper
is supplied without the use of additional equipment.
There is a universal plug -in socket
OH the back of the AA'. Fumier where
the "1." eliminator cord can be plugged
in. In this way, the filament switch
on the receiver turns on and off. both
the 'Ir' eliminator and the A.C.

"t'

Bremer-Tully "B" Power Unit
The Bremer -Tully Manufacturing
Company, of 520 So. Canal Street,
Chicago. Ill. have introduced a new
"B" power unit. which will supply a
maximum of 150 volts and 125 milli amperes which is sufficient for all
power tubes up to and including the
171 type. There is a variable voltage
tap for the detector tube and two intermediate taps at 45 and 90 volts for
the H.F. tubes and the first stage
A.F. tube.

Saturn Power Toggle Switch
The Saturn Mfg. & Sales Co., Inc.,
50 Beekman St.. New York City. have
introduced a new Power Toggle Switch

Former.
The A.C. Former is made in two
types. Type 12 supplies filament potential for 12 tubes as follows: Eight
li volt type 220 tubes, two 21/ volt
type 227 tubes and two 5 volt type

/

tubes.
Type la supplies filament potential
for 10 tubes as follows: Eight type 227
tubes and two type 171 or two type 21(1
tubes.
The Karns A.C. Forster can be used
with any of the availin conjune '
able Cable Adapter Harnesses on the

round shank 1/4," capacity of taps
3/8". No. 2 size; capacity of round
shank 3/8 ". capacity of taps 1/2 ". No.
3 size; capacity of round shank 1/2 ",
capacity of taps 5/8 ". Two larger
sizes are being designed.
The Tap Chucks can be furnished
with backs threaded, tapered backs or
with Morse taper shanks in same. Provision is made for pinning the
threaded shanks securely in place.
The Chucks are also manufactured
with the back extended 1" so they can
be used in tamp holders of screw machines. The Tap Chuck fits directly
into the tap holder and is held by a set
screw. This takes the place of many
tap bushings and if a change is necessary, can be made much quicker than
replacing a tap in a bushing. The Top
Chuck drives taps more accurately
than a bushing especially if the bushings are worn.
Drills, reamers, counterbores and
other tools, can be used to advantage
in the Tap Chuck by simply grinding
any kind of a flat on the round shank
of the tool. The Tap Chuck will drive
them positive and true. It can also
be used for multiple spindle operations, both drilling and tapping.

Ettco Tap Holding Chuck.

fur use in connection with socket
power -operated sets.
This switch will handle six amperes
at 125 volts or 3 amperes at 250 volts.
The case is ruade of solid Bakelite and
the unit is of the single hole mounting
type. designed tu fit both thick and
thin panels.

171

market.

Daven Center Tap Resistors
To minimize the hum in electrified
receiving sets. many manufacturers incorporate center tap A.C. filament resistors. The value of these resistors
ranges from 2 to 60 ohms. depending upon the number of tubes and the
current supply.

-t..

tightened with at key. The jaws
operate by means of a right and left
hand thread. The two jaws are free
to float transversely as their only function is to grip the square and prevent
rotating. The tap is centhe tap fr
tered by three jaws which are closed
in by the knurled collar, centering the
tap dead true. The two gripping jaws
for the square of the tap are made of
at high carbon alloy tool steel properly
heat- treated and ground to an accurate
fit in the body. The lower centering
jaws are also made out of an alloy
and
properly beat -treated
steel
ground.
The Chucks are furnished in three
sizes. No. 1 size: capacity of

s«..-.,,--."

Saturn Power
Toggle Switch.

The switch shown is of the single
throw
type. opening
one circuit. and cati be -used with
Power Sets, A -and B- Eliminators and
Chargers.
The Saturn Power Toggle Switch is
also made in O. P. D. T. type.
pole. single
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Loud Speaker
Low Frequency Response

Mr. Radio Engineer:
ARAS Products are now available to radio set manufacturers,
the Karas Electric Co. being prepared
to furnish immediate quotations on
manufacturers' requirements for Audic
Frequency Transformers and A. C.
Transformers for A. C. Receivers.

The record of the Karas Electric Co.
as builders of precision electrical and
radio apparatus for more than a third
of a century is your assurance of highest quality and finest finish.

Write or wire us today as to your
needs.

KARAS ELECTRIC CO.
4040 North Rockwell Street
CHICAGO

A COMPLETE

REFERENCE LIBRARY
recommended by

Radio Engineering
MORECROFT

Principles of Radio Communication
$7.50

VAN DER BIJL

Thermionic Vacuum Tube
$5.00

MOULLIN

Radio Frequency Measurements

$10.00

ROBISON

Manual of Radio Telegraphy and
Telephony
$5.50

CRANDALL

Theory of Vibrating Systems and Sounds
$5.00

See Page 12 for Special Offer

...n.ws'

L

VO, Tacit
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The above curve, recently released in a
technical paper before the Radio Manufacturers' Association monthly meeting
in Chicago, disclosed the fact that loudspeakers do have limitations in their response with respect to fidelity of reproduction on the low frequencies. The
curve shows that of a number of motor
drives or units tested, used in loudspeaker
work, there is a tremendous difference
between the undistorted power output of
one compared with others at the low frequencies.
The power capacity of the last amplifier tube should be sufficiently great to
give undistorted power output of the
magnitude shown at these low frequencies, but, in addition to this, the loudspeaker should be of a type which will
give undistorted power outputs at these
low frequencies comparable to those
available in a power tube.
"Is your loudspeaker designed so as to
accommodate this input voltage so necessary for true reproduction?"

TEMPLE,

INC.

1925 So. Western Ave., Chicago
LEADERS IN SPEAKER DESIGN

Page
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Custom Work a Specialty

"DUO -SONIC SUPERHETERODYNE"

H. & F. RADIO LABORATORIES, Inc.

Reviewed in this Publication
Send $1.00 to
ALLIED ENGINEERING INSTITUTE
250 West 57th St., New York City

IllllllMMm

11111111

For Blueprints, Additional Data and Information on

Radio Engineers
168 Washington St.
New York City
Experts

Consulting "SUPER- HETERODYNE"

Radio Engineers and Designers
1

PATENTS

}e'
1

TRADEMARKS

1
1

-

Group Subscription Rates for
RADIO ENGINEERING

COPYRIGHTS

Special Attention to Radio Inventions

I

EUGENE E. STEVENS

3

C.
Washington, D.____a

905 F St., N.W.,
a.

Subscription
Subscriptions
Subscriptions
Subscriptions

1

2

Attorney at Law
Registered Solicitor of Patents

5

...
...
...
...

$2.00
3.00
4.00
5.00

For more than 5
subscriptions a d d
$1.00 for each additional subscription.

TESTING OF RADIO APPARATUS
samples.
Permeability and Hysteresis Curves of iron
Condensers tested for life, voltage breakdown, leakage, etc.
Input and output curves of socket power devices-Oscillograms.

80th St. at East End Ave.

New York City, N. Y.

ELECTRICAL TESTING LABORATORIES

p_»

L.

Pep Up
Your Set

'

/

-N"

Model

Vario

.

-

Denser

1

1

X -L

PRODUCTS

Tune

quickly- adjust acurately

LONG TERM SUBSCRIPTIONS
Group rates are available to individual subscribers
who wish to extend or renew their subscriptions
years, $4.00as follows:
years, $3.00
5 years, 5.00 -For each additional year add
$1.00.

-eliminate distracting noises --get
correct tube oscillation -with X -L
VARIO DENSERS in your circuit.
all latest and best
Designers of
circuite specify and endone.

"-

Micrometer adjustment easily
MODEL "N
made. assures exact oecillsUon control In all
tuned radio frequency circuits. Neutrodyne. RobBrowning- Drake. Silver's Knockout.
range 1.8 to 20 MId. Price $1.00
roper grid capacity
Obtains the
MODEL "G
on Cockaday circuits. filter and intermediate frequency
and pos2v grid bias In all
heterodyne
no
supertuning
U
G
-1
Model
sets. Capacity range.
Model 0 -10
Model G -5 .0001 to O105 Mfd.
.0001 MM.
.0003 to .001 Mfd. Price each with grid clips. $1.50.
X -L PUSH POST -NEW. Bakelite Insulated. Vibrations will
Price each Ise
not loosen, releases Instantly.
trip of 7 on black panel marked in white.
X -L
Arica in
Push
showing
diagrams
wiring
of
book
-date
up-to
FREE -New.
Pest
Comdata
WHITE
LOPTTNnew
m
the
Iuse of X-1.. units
coupled radio frequency circuit, and in other popular hookWrite toda,.
ups.

RADIO ENGINEERING

erta 2 -tube.
etc. Capacity

"-

RADIO LABORATORIES 24CHICAO"

WIR

COILS
DRESNER
tri, be
threaded ,i

DRESNER

D
i

I

;tr.

of

apace a'marl1 and
.00035 MF t

i

enameled) -DouSTRAND -Antennae (plain
ble Galvanized.
WIRE -Antennae (plain or enameled). Connecting and Ground (Rubber covered. braided or

plain).

BUS BAR -Litzendraht -Loop.

MAGNET (Cotton

paelty

or Silk).

John A. Roebling's Sons Co., Trenton, N. J.

lv
condenser.

used with any type

whether

It

be

CONDENSER SPECIALISTS

make one thing and one thing sly -wax
impregnated paper condensen in medium and
large capacities. We make no set hardware, no
eliminators. no transformers. no parts, no sets.
Our entire concentrated effort is on one product
alone. Such specialisation assures highest quality
economical production and dependable service.
Million, of Fast Condensers now in use In leadand
eliminators.
Send
m your
ing sets
specifications.
3982 Barry Ave.,
Dept. R.E.
Ll l
Chicago. U.S.A.

Write

free

or

\

.s.fii ii

booklet

PROFESSIONAL SET BUILDERS-

Save time and money -W. R. C. Parts, Panikits, Deckits and other accessories make
up easier than any other parts offered. Five and six tube decks with transformer,
resistance or push pull amplifiers -special gang condensers with new drumdial at
prices that will surprise you

-

Write for illustrated price sheet with special discounts

WIRELESS RADIO CORPORATION
41 VARICK AVE.

single.

They are matched. machine
triple or single and double factors.
wound and laboratory tested. The report of the testing laboratory of New
York University. indicates the high electrical qualities of Dresner coils.
Their external magnetic field is the lowest.
We are equipped to design and wind special coils to set manufacturera
.specifications. Write for complete details and send for prices. samples. etc.
Packed
Designed for Manufacturers' Use.
in Sets of Three for Jobbers and Retailer.
DRESNER RADIO MFG. CORP.. 564 Southern Blvd.. New York City

We

E
or

«41

L

t

X -L

-3

-2

BROOKLYN, N. Y.
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"For Better Connections"

SATURN
Jacks
Switches
Plugs
Connectors
Relay Switches
Power Switches
Sockets

"How would you set up

a one man service department?"
"Cive the measurements of each loot for a 44 lt.
Exponential Horn."
"Provide layout and circuit diagram of complete
Broadcast Station."
"Supply calculations for power dissipation in an

A .B.C.

eliminator."

If

they are answered a few days late we are
properly "sat upon" in a following communication
We have had to increase our technical staff to
handle this correspondence. Many of the questions require research work and laboratory analysis. which devolves upon the the editorial staff.

Effective at once, the following scale of charges
will be made:
Average Questions
$0.25 ea.
.50 ea.
Standard Circuit Diagrams
1.00 ea.
Special Circuit Diagrams
Prices on diagrams and questions requiring research
work or application of special reference work will
be quoted at time of receipt of inquiry.

NOTE

Samples upon request or
made to specification.

We will, of course, be glad to continue to answer
requests for information on sources of supply,
technical publications, manufacturers lines, etc.,
without charge.

The Saturn Mfg. & Sales Co., Inc.

RADIO ENGINEERING

48 Beekman St.

J Filter

New York, N. Y.

Condensers

READERS' SERVICE BUREAU
JOHN F. RIDER, Mgr.

Specially Priced to Clear

Do You Know

Power unit manufacturer has quantity grade
"A" condenser blocks, 93i4 mmf., 3- paper, high
voltage test, recently made by well -known concern, available for immediate shipment.
Also a number of 250 V. Jewell voltmeters,
3 -tap high external resistance.
Full particulars on request. Address

that every stage of radio frequency
amplification should be equipped
with a battery bypass condenser?
that the battery bypass condenser
plays an important role in attaining
the desired amount of stability?
that the battery bypass condenser
plays an important role in obtaining

MANUFACTURER
Dept. RE, Room 1306, 307 No. Michigan Ave.
CHICAGO, U.

'

QUESTIONS
The circulation of Radio Engineering has grown
tremendously during the past year. Every day,
scores of questions reach us, such as:

RACON

S.

A.

EXPONENTIAL

SOUND CHAMBERS
No. 320

Air Column
78 inches

Bell
]0" x

20"

Depth
13,A inches

size to fit
every cabinet

A

Racon Electric Company, Inc.
18

Washington

Phase, New

York, N. Y.

the maximum amplification?
that the AEROVOX bypass condens-

ers are designed for use in radio
frequency circuits?
that the AEROVOX bypass condensers are non -inductively wound?
that the AEROVOX bypass condensers are impervious to moisture and
have exceptionally low A C resistance
and losses?
that the above are only a few of the
reasons for AEROVOX SUPREMACY?

ERovox
"Built Better"

70 Washington Street, Brooklyn, N. Y.
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Five Times More
Accurate than
the Average
Resistor

.1(1.sitrit irta `,Iris.X
>,

Manufacturers' Export Managers(''
116 Broad Street. New York.

Scientifically equipped to
economically expor
pendeó
receiving and transmitting '
radio apparatus.

Avenue,
New York

!
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always guaranteeing maximum tube performance.
It is therefore indispensable.

We co- operate with dealers and custom builders.

<ádirall eompany

N.'-

50 Franklin St., New York, N. Y.

r
earbberr Conben5erz

rl Front that
to

-

AM PERITE is not a fixed resistor or so- termed filament
bespeak.
It is the only selfvariable tube filament control
insuring just the proper filament current for each and every
tube autrmatically. Does away with all rheostats on panel.
Simplifies wiring and operation. Precludes tube damage from
under or excessive ' Ar' current. increasing tube life and

19! IIIIIIIIIIIIIIIIIIIIIIIIIIIIII! IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPIIIIIIIIIillll8111ilIIIIIIIII`

Helps

::.: )nJll3DU111yJ

TE-1

Street,
Newark,

RESISTORS

:_;

`Jhe "SELF ADJUSTING "Rheostat

Factory

City.

`

'`-1\

Filament
Control

215 Emmett

WIRE -WOUND

Lei,

The LOGICAL

ir^

k` DAR-FI ELFI`

t

11011;°

Auedtuoj

HARDWICK, FIELD, INC.

Fifth

.
N.' xjie

.,;

Harfield Resistors are available in various
capacities up to 50,000 ohms with capacities
of 10 and 20 watts. Tell us about the resistor
pat want, and let us make up a sample for
you with prices. Write to

100

,,`'

2...

When extreme accuracy is vital get Harfield
Resistors. They can be supplied to you as
accurate as plus or minus 1% -five times
more accurate than the average resistor. And
they are guaranteed to maintain that accuracy
under average load conditions.

Sales Office

,....T...

g..3

Professional men are invited to communicate with us regarding
SHORT WAVE APPARATUS
TRANSMITTING APPARATUS

Sell

the Back

CONVERTERS

All

types of condensera from midget to broadcast
station types

lcS

ALLEN D. CARDWELL MFG. CORP, Br000kynN ÿ.
I.

HAMMARLUND

1

Bakelite Tapping Solved !

Illuminated Drum Dial

The ETTCO High Speed Tapping
Attachment will tap a good
thread in BAKELITE as well as
other materials. If you are
experiencing trouble try one
out for 10 days.
ETTCO Tappers eliminate tap breakage. whatever the cause. A "greed"
operator can bang the bottom of a
tapped hole using an ETTCO and still
not break the tap-he has no friction

Two-finger control.
Oxidized bronze escutcheon
plate.
Over -size die -cast frame; Bakelite drums,
with knurled edges; translucent wave -length scales
illuminated from the back by a small light connecting with the "A" battery circuit.
Beautifully proportioned-adaptable to all standard
panel dimensions.

Write for Folder

II:L)INARLUND MANUFACTURING
.121 -138

CO.

W. 33rd St., New York, N. Y.

g.,y,,Beiztoi.R,dicy

ammarlund

u.

PRODUCTS
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etre.r-

.
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I. ETICO Tapper
-Inch
Capacity
2. ETTCO Tapper
-inch
Capacity
No. 3. ETTCO Tapper
Capacity .. ach

No.

PRECIS/ON

No.

N-

m
III

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

a..e.

Illf

.

.

...

'

to adjust.
Where ETTCO Tappers have been
installed tap breakage has been eliminated and production increased 100
to 500%.
Try an ETTCO TAPPER for ten DAYS.
No obligation for the Trial.

EASTERN TUBE & TOOL CO.,
600 Johnson Ave., Brooklyn, N. Y.
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5 Ampere MET -ANODE Rectifier Cartridge
Metal to Metal Ionic Rectification, dry. low voltage
drop, 1200 hours in use guaranteed-cannot burn
out under normal load.

Independent Laboratories

Type SH, half wave, for use in chargers and
A' Eliminators of the Avox type. . List $4.00
Type SW, full wave, 5 amp., for all types
of "A" Eliminators and full wave
chargers .
List 37.00
Type MB, for "B" Eliminators. 200 mil.
at 300 V., UX base. (No Motorboat ing)
List $4.00
Electrostat 100,000 mierdared cond
tapped center, for -A' Eliminators. One
year guarantee
List $8.00
Blueprints, data, circuits and literature on request

Oxide Coated Filament

Newark, N. J.

for

All Tubes

Electro- Chemical Company of America
Indianapolis, Ind.

Special Getter
for
Detectors
Amplifiers
A.C. Tubes
Power Tubes Gas Rectifiers

- - -

PACKING PROBLEMS SOLVED
We can uvercume your packing difficulties, whether on ship large
sets or small sets -heavy power equipment or fragile speakers

whether the weight
is ten pounds or
fire Ir u n d
pounds. Our years
of experience in
the radio shipping
field are at your
command without
obligation.

rt

Cerium Alloys
Exclusive Sales Representative

TIFFT BROS.
8 Broadway,

50

New York City
Shipping Cases for
Dimnult Problems

A. U. HOWARD
East 42nd St. New York City
Phone: Murray Hill 0342 & 0343

r
L

With ARCTURUS

TUBES and ADAPTORLESS
A -C CABLE You Can Electrify Any Set
Arcturus A-C Tubes insure perfect operation under normal line voltage variation, exceptional tone quality, volume
and sensitivity, freedom from hum, and unusually long life.
A -C

.e

SCIENTIFIC
Type UXB

DRUM CONTROL

Unusual features of construction give Arcturus A -C Tubes
unique operating characteristics. Heater type -four prong base
-filament voltage the same (15 volts) for all types, detector
amplifier and power, operate with common toy transformer.
The use of a heavy carbon filament enables Arcturus A -C Tubes
to withstand even an unusual overload. Enormous electron supply resulting from low operating temperature of heater give
exceptionally long life.
Your distributor should be able to supply you, but unusual demand has depleted many stocks. To avoid delay readers of
RADIO ENGINEERING may write direct to the factory and their
orders will be filled promptly.

ARCTURUS RADIO COMPANY
255 Sherman Ave.,
Newark, N. J.

- --4

PHOTO -ELECTRIC
THE

BURT

The new SCIENTIFIC has been designed to meet the need for a dependable, fine appearing drum control to be

CELLS

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
develops no backlash. This unit is supplied with any combination
of condensers.
List price of drum dial with escutcheon plate,
$3.50: condensers .00035MF or .0005MF, $2.00 per unit. Write
or wire for information TODAY!

CELL

Without Fatigue- Highly Sensitive
Absolutely Reproducible- Instantaneous in Response
The BURTCELL 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.

United Scientific Laboratories, Inc.
II3 -II5 Fourth Avenue
New York City

We

also manufacture
the STABILIZED
OSCILLOSCOPE -the only VISUAL OSCILLOGRAPII tiarinc
linear tini,
an aaccurate picture of high frequency wave forms.
{Veit° for Bulletin 273

Bit ANCH
OFFICES
St. Louis
Chicago
Boston
Minneapolis
Canadian Offices:

a,.

DR. ROBERT C. BURT
Manufacturing and Consulting Physicist
327 S. Michigan Ave., Pasadena, Calif.
I.

BRANCH

OFFICES
Cincinnati
Los Angeles
Philadelphia
San Francisco
London, Ontario

J

Pa,,,'
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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 pr oper manufacturers. Address Readers'
Information Bureau.
Addresses of companies listed below, can be found in their advertisements -see
index on page 62.
ADAPTERS:
Carter Radio Co.
AMMETERS
Jewell Elec. Inst. Co.
Westinghouse Elec. & Mfg. Co.
AMPLIFIERS, RESISTANCE:
De

Jur Products

Co.

Polymet Mfg. Co.
ANTENNAE, LAMP SOCKET
Electrad, Inc.
ARRESTERS, LIGHTNING:

Jur Products Co.
Electrad, Inc.,
Jewell Elec. Inst. Co.
BASES, VACUUM TUBE:
Zierick Machine Wks.
BATTERIES, DRY:
National Carbon Co., Inc.
De

BINDING POSTS:
Eby, H. H., Co.
X -L Radio Labs.
BOXES, PACKING:
Tifft Broa.
BRACKETS. ANGLE:
Zierick Machine Wks.
BRASS:
Copper and Brass Research

Assn.

Scovlll Mfg. Co.

CABINETS, METAL:
Aluminum Co. of America.
Copper and Brass Research

Assn.

Hammarlund Mfg. Co.
National Co.
Samson Electric Co.
Precision Coil Co.. Inc.
COILS. MAGNET:
Dudlo Mfg. Co.
COILS, RETARD:
Aero Products Co.
Hammarlund Mfg. Co.
COILS, SHORT WAVE:
Aero Products Co.
Hammiarlund Mfg. Co.
Precision Coil Co.. Inc.
COILS, TRANSFORMER:
Dudlo Mfg. Co.
CONDENSERS, BY -PASS:
Automatic Electric, Inc.

Burt, A. G., Jr.
Concourse Elec. Co.
Electrad, Inc.,
Fast. John E. & Co.
Polymet Mfg. Corp.

CONDENSERS, FILTER:
Aerovox Wireless Corpn.
Automatic Electric, Inc.
Concourse Elec. Co.

Fast, John E. & Co.
Polymet Mfg. Co.
CONDENSERS, FIXED:
Aerovox Wireless Corpn.
Automatic Electric, Inc.
Burt, A. G., Jr.
Electrad, Inc.
Fast, John E., A Co.
Polymet Mfg. Corp.
CONDENSERS. MIDGET:
Cardwell, Allen D. Mtg. Co.
Hammarlund Mfg. Co.

CELLS, PHOTOELECTRIC:
Burt, Robert C.
CHASSIS:
Aluminum Co. of America.
Copper and Brase Research
Asa'n.
Scovill Mfg. Co.
United Scientific Laboratories, CONDENSERS. MULTIPLE:
Inc.
Cardwell, Allen D. Mfg. Co.
CHOKES, AUDIO FREQUENCY:
Hammarlund Mfg. Co.
Samson Electric Co.
Scovlll Mfg. Co.
United Scientific Laboratories.
CHOKES, RADIO FREQUENCY:
Cardwell, Allen D., Mfg. Co.
CONDENSERS, VARIABLE
TRANSMITTING:
General Radio Co.
Cardwell, Allen D. Mfg. Co.
Samson Electric Co.
Hammarlund Mfg. Co.
CHOKES, B ELIMINATOR:
Karas Electric Co.
American Transformer Co.
CONDENSERS, VARIABLE:
Dongan Elec. Mtg. Co.
Benjamin Elec. Mfg. Co., Inc.
General Radio Co.
Cardwell, Allen D. Mfg. Co.
Samson Electric Co.
General Radio Co.
Hammarlund Mfg. Co.
CLAMPS, GROUND:

Aurora Electric Co.
CLIPS. SPRINGS:
Aurora Electric Co.
COILS. CHOKE:
Dudlo Mfg. Co.
COILS, IMPEDANCE:
Dudlo Mfg. Co.
COILS, INDUCTANCE:
Aero Products. Inc.
Dresner Radio Corp.

Karas Electric Co.

Scoville Mfg. Co.
United Scientific Laboratories
Wireless Radio Corp.
X -L Radio Laboratories.
CONNECTORS:
Saturn Mfg. & Sales Co.
CONTROLS. ILLUMINATED:

National Co.
CONTROLS, REMOTE:
Algonquin Elec. Co., Inc.

COPPER:
Copper
Asén.

&

Brass

Research

Scoville Mfg. Co.
CURRENT CONTROLS, AUTOMATIC:

Radial'

Co.

DIALS:
Crowe Nameplate and Mfg. Co.

National Co.

DIALS. DRUM

Hammarlund IIfg. Co.
United Scientific Laboratories
DIALS. VERNIER:
National Co.
ELIMINATORS, B BATTERY:
Dongan Elec. Mfg. Co.
General Radio Co.
National Co.
Radio Receptor Co.
Samson Electric Co.
ELIMINATORS, UNITS FOR:
American Transformer Co.
Dongan Elec. Mfg. Co.
General Radio Co.

Radio Receptor Co.
Samson Electric Co.
ESCUTCHEONS:
Crowe Nameplate and Mfg. Co.

EXPORT:
Ad. Auriema, Inc.
FILAMENT, OXIDE COATED:
Independent Laboratories. Inc.
FILAMENT CONTROLS, AUTOMATIC:
Radials 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.
De Jur Products Co.
Electrad, Inc.
Hardwick, Field. Inc.
Lynch, Arthur H. Co.
Polymet Mfg. Corp.
HORNS:
Racon Electric Co.

Temple, Inc.
HORNS, MOLDED:
Racon Elec. Co., Inc.
Temple, Inc.
INDUCTANCES,
TRANSMITTING:
Aero Products. Inc.
INSTRUMENTS, ELECTRICAL:

Jewell Elec. Inst. Co.
INSULATION, MOULDED:
Bakelite Corp.
General Plastics, Inc.
Westinghouse Elec, Mfg. Co.

JACKS:
Aurora Elec. Co.
Carter Radio Co.
Electrad, Inc.
Saturn Mfg. Co.
Yaxley Mfg. Co.
JACKS, TIP:
Carter Radio Co.
KITS. LOUDSPEAKER:
Engineers Service Co.
KITS, SHORT WAVE:
Aero Products. Inc.
KITS, TESTING:
General Radio Co.
Jewell Elec. Inst. Co.
KITS, TRANSMITTING:
Aero Products, Inc.
LACQUER:
Egyptian Lacquer Co.
Zapon Co.. The
LABORATORIES:
Electrical Testing Labs.
LEAD -INS:
Aurora Electric Co.
Electrad, Inc..
LOCK WASHERS:
Shakeproof Lock Washer Co.
LUGS:

Aurora Electric Co.
MAGNETS:
Thomas and

Products

Co.

Skinner

Steel

METERS:
Jewell Elec. Inst. Co.
Westinghouse Elec. A Mfg. Co.
MOUNTINGS, RESISTANCE:
Aurora Electric Co.
Electrad, Inc.,
NUTS:
Shakeproof Lock Washer Co.
PACKING:
Tift Bros.
PANELS, COMPOSITION:
Lignole Corp.
Westinghouse Elec. A Mtg. Co.
Wireless Radio Corp.
PANELS, METAL:
Crowe Nameplate and Mfg. Co.
PAPER, CONDENSER:
Dexter, C. H. & Sons, Inc.
Strype, Fred C., Co.
PAPER, CONE SPEAKER:
Seymour Co.
PLUGS:
Bakelite Corp.
Carter Radio Co.
De Jur Products Co.
Polymet Mfg. Co.
Saturn Mfg. Co.
POTENTIOMETERS:
Carter Radio Co.
Central Radio Laboratories.
Electrad, Inc.
United Scientific Laboratories,
Ward Leonard Electric Co.
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RESISTANCES, FIXED:
Aerovox Wireless Corp.
Carter Radio Co.
Central Radio Laboratories.
Daven Radio Corp.
De Jur Products Co.
Electrad, Inc.
Hardwick, Field, Inc.
Lynch, Arthur H. Co.
Polymet Mfg. Corp.
Ward Leonard Electric Co.
Yaxley Mfg. Co.
RESISTANCES, VARIABLE:
American Mechanical Labs.
Carter Radio Co.
Central Radio Laboratories.
Daven Radio Corp.

Karas Electric Co.
Wireless Radio Corp.
TRANSFORMERS. B- ELIMINATOR:
American Transformer Co.
Dongan Elec. Mfg. Co.
General Radio Co.
Samson Electric Co.
TRANSFORMERS. FILAMENT
HEATING:
Dongan Elec. Mfg. Co.
General Radio Co.
Samson Electric Co.
TRANSFORMERS. OUTPUT:
American Transformer Co.
Dongan Elec. Mfg. Co.
General Radio Co.
TRANSFORMERS. POWER:
American Transformer Co.
Dongan Elec. Mfg. Co.
Ferranti. Ltd.
General Radio Co.

Jur Products Co.
Electrad. inc.
Hardwick, Field, Inc.
Polymet Mfg. Corp.
Ward Leonard Electric Co.
Wireless Radio Corp.
Karas Electric Co.
RHEOSTATS:
National Co.
Carter Radio Co.
TRANSFORMERS, R.
Central Radio Laboratories.
TUNED:
De Jur Products Co.
Cardwell, Allen D. Mfg. Co.
Electrad, Inc..
TUBES, A. C.:
Polymet Mfg. Corp.
Arcturus Co.
United Scientific Laboratories.
E. Mfg. Co.
De

Yaxley Mfg. Co.
SCHOOLS, RADIO:

National Radio Institute.
SHIELDING, METAL:
Aluminum Co. of America.
Copper and Brass Research

a

Pay,-

C.

Daveu Radio Corp.
TUBES. RECTIFIER:

Arcturus

Co.
C. E. Mfg. Co.
Eureka T. and M. Co.
Q. R. S. Company. The.

Assn.
TUBES, VACUUM:
Crowe Nameplate Co.
Arcturus Co.
SHORT 'WAVE APPARATUS:
C. E. Mfg. Co.
Aero Products Co.
Eureka T. and 31. Co.
General Radio Co.
Q. R. S. Company, The.
SOCKETS. TUBE:
Shieldplate Tube Corp.
Benjamin Electric Mfg. Co.
UNITS, SPEAKER:
General Radio Co.
Bacon Electric Co.
BOLDER:
Temple, Inc.
Chicago Solder Co. (Rester).
Westinghouse Elec. & Mfg. Co. VOLTMETERS. A. C.;
General Radio Co.
BOUND CHAMBERS:
Jewell Elec. Inst. Co.
Bacon Elec. Co.. Inc.
Westinghouse Elec. & Mfg. Co.
Temple. Inc.
VOLTMETERS, D. C.:
SPEAKERS:
General Radio Co.
Bacon Electric Co.
Jewell Elec. Inst. Co.
Temple, Inc.
Westinghouse Elec. & Mfg. Co.
STAMPINGS, METAL:
WASHERS:
Zierlck Machine Wks.
Shakeproof Lock Washer Co.
STRIPS, BINDING POST:
X -L Radio Laboratories.
WIRE, ANTENNA:
Cornish Wire Cu.
SUBPANELS:
Dudlo Mfg. Corp.
Lignoie Corp.
Roebling, J. A., Sons. Co.
Westinghouse Elec. & Mfg. Co.
SWITCHES
WIRE, BARE COPPER:
Aurora Electric Co.
Cornish Wire Co.
Carter Radio Co.
Dudlo Mfg. Corp.
F.lectra.l In,-..
Roebling, J. A., Sons. Co.
Saturn Mfg. Co.
WIRE. COTTON COVERED:
TA PPEItS
Cornish Wire Co.
Eastern Tube and Tool Co.
Dudlo Mfg. Corp.
Roebling, J A., Sons Co.
TESTERS, B- ELIMINATOR:
General Radio Co.
WIRE, ENAMELED COPPER:
Cornish Wire Co.
Jewell Electrical Inst. Co.
Dudlo Mfg. Corp.
TESTERS, TUBE:
Roebling. J. A.. Sons Co.
General Radio Co.
Jewell Elec. Inst. Co.
WIRE. LITZENDRAIIT:

TESTING INSTRUMENTS:
Cornish Wire Co.
General Radio Co.
Dudlo Mfg. Corp.
Jewell Elec. Inst. Co.
Roebling. J. A.. Sons Co.
Westinghouse Elec. & Mfg. Co. WIRE. PIGTAIL:
TESTING KITS:
Cornish Wire Co.
Jewell Elec. Inst. Co.
Dudlo Mfg. Corp.
TESTING LABORATORIES:
Roebling. J. A., Sons Co.
Electrical Testing Labs.
WIRE. SILK COVERED:
TOOLS
Cornish Wire Co.
Eastern Tube and Tool Co.
Dudlo Mfg. Corp.
Roebling, J. A., Sons Co.
TRANSFORMERS. AUDIO:
American Transformer Co.
WIRE. TINNED COPPER:
Dongan Elec. Mfg. Co.
Cornish Wire Co.
Ferranti, Ltd.
Dudlo Mfg. Corp
Roebling, J. A.. Sons, Co.
General Radio Co.
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CONE SPEAKER PAPER

H

the cone speaker is
supreme in radio reproduction, so also
is ALHAMBRA
supreme in imparting the utmost in
tone oualfty.

U B R A
PAPER gives ABSOLUTELY
UNIA L

A

RESO-

FORM

It has no
resonance point of
its own. Just as
NANCE.

-

9 out of 10 Radio Speaker Manufacturers use ALHAMBRA
so do the vast majority of skilled professional builders
insist upon ALRAWIBSA only.
Cone speaker manufacturers are Invited to communicate with us concerning their rnNirements for the coming season. ALHAMBRA is furnished
In sheets suitable for cone speakers of 13 inches to 36 inches diameter
special sizes to order. Prompt shipment guaranteed.

Just as

exclusively

-

The SEYMOUR CO., 323 W. 16th St., New York City
1

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
New York City

140 Lafayette St.

FOIL
FOR CONDENSERS
All grades of
TIN FOIL
LEAD FOIL
COMPOSITION FOIL
ALUMINUM FOIL

UNITED STATES FOIL
LOUISVILLE

-

C O.

KENTUCKY

olquadag
A concentrated colloidal solution of

Acheson Electric Furnace Graphite in
distilled water.
Manufacturers of grid leaks, other resistances, "getters,' and those interested
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.
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Cie -Ra -Tone Sockets

Red T°11
CkteenT°P

There are many occasions
in laboratories, service stations, and factories where
an approximate measurement of resistance is required.
The type 287
Direct Reading Ohmmeter
is designed for the quick
determination of resist ance where an approximate value is sufficient.
The type 287 Ohmmeter consists of a battery and meter in series with a resistance which
protects the meter from damage at short circuit
and provides a zero adjustment. The dial is
calibrated directly in ohms. Clip leads are provided for convenience in attaching the instru-

For Standard UX Type Tubes. For
quick and easy finding of the cor.
rect position of the tube and the
prongs.

A new Five Prong Socket for A. C.
Detector Tubes. Especially designed for heavy current -carrying
capacity for these new tubes.

You can tell immediately into what socket each tube should go. No more
mistakes, hesitation or confusion. Improves the appearance of the set.
Cle -Ra -Tone Sockets are spring supported to absorb the shocks that
distort tonal qualities. The tube "floats" on four finely tempered
springs, which absorb shocks and jars from slamming doors, passing
traffic and other disturbances caused by outside vibrations. One-piece
terminal to tube connection. Positive contacts. Knurled nuts for
binding post connections or handy lugs for soldering.
CleRaTone Sockets have been chosen for practically every prominent
circuit for several years.
At All Radio Jobbers and Dealers

ment. Made in two types, namely
Type 287 -A Range 0 -5000 ohms
Type 287 -B Range 0 -2000 ohms

$25.00
25.00

Described in Bulletin No. S0S0

GENERAL RADIO
Manufacturers of Laboratory
Instruments and Accessories

Benjamin Electric Mfg. Co.
Chicago:
Sangamon

New York:

:

GENERAL RADIO CO., Cambridge, Mass.

120-128 So.
St.
247 W. 17th St.
San Francisco: 448 Bryant St.
L
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HEAT- - proof
WARP - proof

Jewell A.C. and D.C.
Set Analyzer

POWER

RhéóstátS
Centralab Power Rheostat is constructed of heat proof materials with sufficient insulation to carry a continuous
current load at a power dissipation of 35 watts or
more.

.

An ideal unit to place in primary leads as a line
voltage compensator. Has three terminals and is
especially adapted to AC tubes and power circuits.
Wire is wound on metal core, asbestos insulated.
Wire is firmly held in position by reason of metal
core and wire expanding to the same degree.
Diameter 2 ", 1" behind the panel. Single hole
mounting. Bakelite knob.

Pattern
No. 137
A. C. and D. C.
Radio Set
Analyzer

Other products are Centralab Radiohms,
Modulators. Potentiometers and Standard Rheostat.

SEND

Central Radio Laboratories
25 Keefe Ave.

Milwaukee, Wis.

-for Folder
328. It shows
the correct application of resistances in receiver and
power supply

A new Jewell Radio Set Analyzer
now available to dealers who desire a service instrument that will solve the new service
problems coming with the increasing use of
A. C. operated radio sets and sets using the
new A. C. tubes. It is the last word in radio
testing equipment.
It will make A. C. tests on:
Four and five prong A. C. tubes,
Kellogg A. C. tubes, line voltage, filament and charger transformer voltages and filament
voltage on A. C. tubes or on
tubes operated in series from
A. C.
is

circuits.

CONVERT
YOUR SET

TO A. C.
WITH

THE

NEW KARAS

It will make D. C. tests

FORMER
List Price $13.50

Easy to do -No rewiring
A.C. operation of your present battery using the new Karas A- C- Former Filament Supply and the Carter Adapter Cable Harness now availYou can then use the new A.C. Tubes and enjoy the
able.
marvelous reception they afford -get distant stations with tremendous volume -be forever free from battery operation. Easy
to convert your set. No rewiring. Simply remove present
tubes, insert Carter Adapter Cable Harness. attach end of harness to Karas A -C- Former, and put in new A.C. Tubes. Anyone can do it in a few minutes. Mail coupon today for full
information on how to convert your set.
now can have
YOU
operated receiver by

The complete Radio Set Analyzer
weighs only six and one -half pounds and
comes equipped with adapters and test leads.
It is complete in every way.
Write for descriptive circular No.
1141 or ask your jobber about this new
service instrument.

KARAS ELECTRIC CO.
4036-B North Rockwell Street, Chicago

"28 Years Making Good Instruments"

KARAS ELECTRIC CO.,

4036 -B No. Rockwell St., Chicago:
Send me complete details on how I can convert my

tube

receiver to A. C.

Jewell Electrical Instrument Co.

Name

1650 Walnut St., Chicago

Address

City

on:

All D. C. tubes, A- batteries or
A- eliminators, B- batteries or
B- eliminators, total plate current or current per tube, grid
voltage, transformers and circuit continuity tests.

A-C

State
J

.4.
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at Slight Cost
in a Few Moments

Your Set Can Be AC- Operated
There is a Dongan A C Transformer designed
specifically for each of the approved A C Tubes

-for

instance here is No. 6512
A remarkably well -designed and sturdy A C
Transformer, mounted in a crystalized lacquered case, equipped with lamp cord and plug
outlet for B- Eliminator, also tap for control
switch. Operated with 4 UX 226, UY 227
and UX 171 RCA Tubes
$5.75 list
Then you can have exactly the same transformer without plug outlet and control switch
tap -No. 6515 for $4.75 list.
Ranging in price from $3.50 to $5.25 there
are 10 other A C Transformers, operating with
the approved A C Tubes.
1

1

No. 4586
$8.00 list

No. 5552
$20.00 list

A complete A B C Power Supply Unit.
For use with from one to eight UX 226,
two UY 227 and two UX 171 tubes and
85 mil. gaseous restifier tube.

A superlatively fine Transformer. For use
with from one to eight UX 226, two UY
227 and two UX 171 tubes.
Send check or money order

if your

dealer cannot supply you

CUSTOM SET BUILDERS -write for our special proposition to
Custom Set Manufacturers
MANUFACTURERS
You can secure any type of approved A C Transformer in quantity production and be
sure of deliveries. Our engineering department, working closely in conjunction with
yours, can assist you in special requirements. If you have any A C problems, write or

wire today.

DONGAN ELECTRIC MANUFACTURING COMPANY
2995 -3001 Franklin St.
DETROIT, MICHIGAN

TRANSFORMERS oF.MERIT for FIFTEEN YEARS

.aa
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Light Socket Aerial formed of Bakelite Molded.

The device is made by the Dubilier Condenser Corporation, New York

An excellent example of the
possibilities of Bakelite Molded
THE housing of the Dubilier

light socket aerial is a cup
shaped part 13/8 inches O. D. and
two inches deep. It is formed of
Bakelite Molded in a single operation. The part comes from the
mold with a lustrous surface that
requires no buffing, and with relief lettering sharply defined.
Thumb nuts for the binding posts
are also formed of Bakelite
Molded, with fine knurling and
with metal inserts firmly embedded. The electrical parts are

sealed within the housing by a
circular disc of Bakelite Laminated.
Bakelite Engineering Service
Bakelite Sales and Service Engineers
are located in important industrial
centers throughout the country,and
they are equipped to render prompt
and helpful cooperation to present
and prospective users of Bakelite
Materials. The Bakelite Corporation places at their service the facilities of its extensive laboratories, and
its unequalled experience in the
practical application of phenol resin
products to industrial needs. Write
for Booklet 38 "Bakelite Molded."

BAKELITE CORPORATION
247 Park Avenue, New York, N. Y.
Chicago Office: 635 W. 22nd Street
BAKELITE CORPORATION Or CANADA. LTD.. 163 Duferin St., Toronto. Ont.

BAK. LITE
famoso

THE MATERIAL OF
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