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EVERY ARCTURUS TUBE
must pass 131 TESTS and CHECKS

Reductions in prices ot revisions in methods
cannot . . . will pot . . . interfere with
Arcturus’ rigid standards of giving each
blue wbe 137 tests and checks before it
leaves the factory. The quality of Arcturus
Blue tubes, recognized by critical engineers
of leading set manufacturers, jobbers,
dealers, consumers . . . and even conceded
by other tube manufacturers . . . will not be
sacrificed for any reason!

Not an Arcturus Tube escapes these 137
tests and checks. All raw materials, each
operation, every part . . . each tube is in-
terminably “third-degreed.”

Each Arcturus Tube must meet the rigid

Arcturus limits, closer than those of any
other manufacturer; it must check for the
highest degree of vacuum practically ob-
tainable, precise characteristics, humless
and undistorted reproduction in actual re-
ceivers, gruelling life tests, continuously
checked and re-checked. Then, and only
then, is the tube ready.

Certainly a painstaking operation to give
you a well-engineered product to comple-
ment your well-engineered set. Technical
data sheets on Arcturus Blue Tubes will
be sent to engineets upon request.

ARCTURUS RADIO TUBE COMPANY
Newark, New Jersey

ARCTURUS

FHe BLUE TUBE w74 %% LIFE-LIKE TONE
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THE Elkon Electrolytic condenser is dry—not a drop of free water* in it! Yet it has all the per-
formance characteristics of the best electrolytic condenser —stable —compact—highest filtering
efficiency. It costs less than any other good condenser. Furthermore Elkon has practically the same
characteristics as paper condensers —but is lower in cost and much less bulky . . . and here’s news
—all of the above characteristics apply to our new By-pass condensers. 73 leading set manufacturers
have standardized on Elkon. A request today will bring you your sample tomorrow. Complete infor-
mation will be sent to all members of your technical staff. Just send their names. *water of crystal-

lization of course—

Elkon Division of P. R. MALLORY & CO., Inc., Indianapolis, Ind.  but no free water.

Sales Offices: New York - Clev»l;xndeetroit + Chicago + Los Angeles

[
(OST LESS TO BUY AND LESS TO INSTAI.I.
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Dependable

wound with

ANACONDA
MAGNET
WIRE

Direct engineering control of every problem of design, paces

factor, efficiency and construction . .. new and modern coil-

making machinery under the supervision of experienced ANAg(}ND A
production men . . . winding with Anaconda Magnet Wire from mife to congumer
exclusively. These practices explain in part why Anaconda

Coils are the finest that can be made.

ANACONDA WIRE & CABLE COMPANY

GENERAL OFFICES: 25 BROADWAY, NEW YORK
CHICAGO OFFICE: 20 NORTH WACKER DRIVE
Sales Offices in Principal Cities

Magnet Wire Mills at Muskegon, Michigan; Anderson, Indiana; Sycamore, Illinois; and Ansonia, Connecticut

www.americanradiohistorv.com


www.americanradiohistory.com

E |

LR R e LR LERR T AL IR LR TTRTFRRATY

d

DECEMBER, 1931

YEAR or more ago much

was made of the idea that
by this time more thermionic
tubes would be used in indus-
tries other than radio than in the radio art it-
self—tubes were reported to be on their way
into the hands of others than radio engineers.

The developments of eighteen months indi-
cate that by far the bulk of the tube product
still finds service in radio receivers, transmit-
ters and in associated sound systems in thea-
tres and public-address.

True, power tubes, relay tubes and photo-
cells have during the recent past been applied in
various mechanical industries to simplify
mechanical operations, and these applications
will expand and increase as ingenuity provides
the mechanism to meet new needs, but so far
as is discernible now the market for tubes for
twenty million radio receivers and three thou-
sand transmitting stations, of all types, consti-
tutes the major outlet for the immediate future.

A speaker at the Rochester Convention of
the I.R.E. in November, stated the situation
clearly when he reminded radio engineers that
to them all industries look for infermation and
for thermionic tube development. As the eco-
nomic situation improves capital will no doubt
become available for a broader exploitation of
the tube in industry. The immediate oppor-
tunity for radio engineers is that of learning
all of the uses and applications of tubes to the
end that they may be prepared to meet the ex-
pansion as it develops.

The tube manufacturers appear now to
realize that the furtherance of tube applica-
tions in industries other than radio is best
served by acquainting radio engineers with tube
advances as in the majority of cases when tubes
find their way into factories, shops, operating
services and into common use, radio engineers
will play a major part in these applications.

A

FUTURE OF THE
THERMIONIC
TUBE

BROADCAST EGINNING on June 22,
FREQUENCY 1932, Federal Radio Com-
ASSIGNMENTS mission general order No.

116 requires that all radio
broadcasting stations operating between 3550
and 1500 kilocycles shall maintain the assigned

frequency between the limits of 50 cycles per
second above to 50 cycles per second below the
assigned frequency. Further, stations are re-
quired to make provision for the checking of
the frequency of the emitted wave by means
independent of the frequency control of the
transmitter, the independent means employed
to be capable of measuring with the prescribed
accuracy.

Monitor instruments which will indicate
directly deviation from channel frequency as
the familiar pointer type of meter will be in
demand.

A

N DETERMINING broad-
cast station coverage fan
mail still occupies an impor-
tant position. A year or two
ago it was predicted that in time fan mail
would dwindle to inconsiderable volumes due
to a lack of observable results of such letter
writing. It appears now, however, that fan
mail may still be stimulated and that when this
evidence of coverage is desired by the broad-
caster there are ways of largely increasing the
daily receipt of letters from listeners-in.

On November 18, last, approximately 35,000
letters and telegrams were received at the New
York headquarters of the National Broadcast-
ing Company. In addition to this large bulk
of communications some 10,000 letters were
opened and read at NBC division offices in Chi-
cago and San Francisco. The grand total for
the day was larger than the mail received by
NBC in a month five years ago, and more than
half the amount received during the entire year
1923, the first year of chain broadcasting
through WEAF. For these communications
not only is regular mail service used, but mes-
senger boys, the telegraph, air mail and radio-
grams serve to bring in the avalanche of ap-
proval, disapproval, suggestion, razzing, appre-
ciation and whatever it is of emotion that seeks
expression from 35,000 individuals located here
or there throughout the country.

ngaﬂ:{_;-«'mg’/uco(,

Edstor

FAN MAIL
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without tapping

Stromberg- Carlson
speeds production

When Stromberg-Carlson used machine
screws to fasten parts to their radio re-
ceiver chassis, assembly work had to be
halted while holes were being tapped.
- This delay in production was eliminated
simply by changing to Self-tapping
Screws—the modern means of making metallic fastenings.
In addition to doing away with twenty-nine tapping op-
erations on each receiver, Self-tapping Screws eliminated
all of the expense and troubles that go with tapping.
Stronger fastenings were gained, too.

Self-tapping Screws have made tapping an out-of-date,
unnecessary operation in radio production. Practically all

Type ’Z’’ Hardened Self-tapping Sheet Metal Screws
For joining and king fastenings to sheel metal up to six
gauge; also alumi , die castings, Bakelite, etc. Simply turn
Screw into drilled, pierced or molded hole. It forms athreod in
the material as it is turned in. Can be removed ond replaced.

of the leading radio manufacturers, and
scores of smaller concerns are now sav-
ing the time, labor and money once ex-
pended on tapping and the upkeep of
tapping equipment. On their assemblies
which were once made with rivets or
bolts and nuts, Self-tapping Screws have eliminated un-
handy operations that slow production and waste labor.

What will Self-tapping Screws save on your assemblies?
It costs nothing to find out. Our Assembly Engineers will
tell you, FREE, if you attach a description of one or more
fastening jobs when you send the coupon for the inform-
ative booklets shown below.

Type “U” Hardened Metailic Drive Screws
This type of Self-tapping Screw is used for making perma-
nent fastenings to iron, brass and aluminum castings, steel,
Bakelite, Durez, etc. Just hammer the Screw into a drilled or
molded hole. It forms a thread in the material as it is driven.

PARKER-KALON Hardened Self-tapping Screws

PAT. IN U, S. AND FOREIGN COUNTRIES

Name and Co

eecmacae-Scientists Explain Fastening Security —»
PARKER-KALON CORPORATION, Dept. L, 190-198 Vorick Street, New York, N. Y.

Tell us whether Self-tapping Screws can be used to advantage for assemblies described on attached sheet.
Alsa send booklets on the Security and Econamy of assemblies made with Self-tapping Screws.

<— 14 Unbiased Reports on Savings.ecaccacaaaaa.

FELTTARANG 1EREWY
s 9TROVGIR
P

FARTENIKGN

Address oo
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Impressions

and

Expressions

By AUSTIN C.

CHEAPER
TUBES

S these lines are written the
radio tube’ industry has slashed list prices once again, and
the air is rife with rumors of still another drastic slash.
To the uninitiated, it would seem that long ago the list
prices had been reduced to profitless levels. Actually, how-
ever, the better equipped plants can still make money at the
present list prices, and even at lower levels that may be
established through further slashing.

During the past two years, remarkable tube production
equipment has found its way into the larger plants. Where-
as, until then the tube producers were contented to employ
revised lamp-making equipment, the urge for lower pro-
duction costs compelled the developments and introduction
of equipment designed primarily for tube making. Recently
the production speed, particularly on the sealing and ex-
hausting units, has been further increased, in anticipation
of lower list prices. Make no mistake about it, the large
tube manufacturers are not yet selling at a loss, even with
the startling low list prices.

The only question is whether tube list prices are not being
reduced to ridiculously low levels. A study of recent sales
figures indicates that price slashes do not increase sales ma-
terially, and even if they did, the volume in dollars would
not match that before the slashes. The authors of these
price slashes are not creating any additional demand. They
are not making as much profit as before. They are not set-
ting themselves apart from competitors, since their slashes
are immediately met. And if they contemplate squeezing
out the weaker manufacturers, they are certain to face a
long and drastic struggle in which their own stockholders
may prove unwilling to stand the gaff.

A

BETTER
NETWORKS

HE critical radio listener has
doubtless noticed a marked improvement in the tone quality
of programs originating in remote studios and brought to
the local broadcasting station via long wire lines. Quite
obviously, the telephone lines have been improved upon, for
there is a noticeable extension of the frequency range. No
longer does the network program suffer by contrast with the
local program.

Upon investigation, we find that the telephone organiza-
tion has been installing a new type of cable for the handling
of broadcast programs. The cable is now in use, linking the
various stations between New York and Chicago, and an
extension of the installation is planned in the near future, so
as to link up with stations in other areas. The new cable
has been developed in anticipation of better microphones,
better broadcast transmitters, and better radio receivers.
Rather than handicap radio developments with limited wire
lines, the telephone engineers began research work some
time ago on improved long lines service.

The new cable enables the handling of a wider frequency
band than has heretofore been possible over wire lines. It
permits a frequency range of from 30 to 8,000 cycles, in-
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stead of the ordinary telephone line range of 150 to 5,000
cycles. In practical terms, this means that there is no longer
a marked discrepancy between the network program and the
local program. The entire country will soon be joined to-
gether into a truly local audience.

A

COSTLY
ENGINEERING

HERE is nothing more costly
in the radio industry today than cheap engineering. A study
of manufacturing failures discloses poor engineering as a
common contributory cause. And just so long as the indus-
try believes that real engineers can be hired for $25 to $40
per week, just so long are we going to have an epidemic
of failures seemingly due to mysterious causes.

Resting on a highly intricate technique, the radio industry
is mainly dependent on competent and thorough engineering.
While stockholders of manufacturing companies may be
contented with the appointment of a new high-powered sales
manager, the fact remains that any company is made or
broken by the intrinsic worth of its products. Unless the
engineering is sound, the product cannot be sound. Sales
success starts in the research and engineering department,
and any number of prima donnas in the merchandising end
cannot undo a false start.

In traveling about the industry, the writer is frankly ap-
palled to find mere boys, paid a salary of $25 to $40 per
week, entrusted with production schedules that run into the
hundreds of thousands of dollars. How anything else but
failure can come out of such rank gambles is difficult to
comprehend.

A

TELEVISION
LITIGATION

HE first shots have been
fired in what promises to be a lively television patent battle.
With television workers here and there laying their hands
on real money through actual effort rather than the sale of
promises to stockholders, the television patent situation is
looming up as a bright picture for some and a dark one for
others.

While it is true that the basic principles of television are
very old, dating back several decades to the German in-
ventor, Nipkow, the fact remains that many patents have
already been granted on television details and refinements.
Such features as lens, scanning discs and signal synchro-
nizing means are covered by presumably sound patents, al-
though one would never think so. judging by the general
use of such features by various television workers.

Television organizations that have pioneered in evolving
a workable system out of the many experiments of the past,
covering their efforts with many patents, may now have an
opportunity of testing their property rights, especially at a
time when opportunities are rushing into the field for the
purpose of quick and easy profits. It remains largely for
the courts to decide to whom belongs the fruits of pioneering
efforts.
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PRODUCTION FACILITIES

IN LINE WITH THE SET MANUFACTURER’S NEEDS:

As evidence of its unusual ability to
serve set manufacturers who must
have a dependable source of supply
of radio tubes —

Hygrade Sylvania presents

these quall:ﬁcations:

Experience

Not only has Hygrade Sylvania made
a comprehensive study of the needs of
set manufacturers, it has already had
a wide experience filling them.

Production Facilities

Capable of taking on stiff production
schedules and meeting them.

Financial Strength

Financial strength, the result of sound
and successful methods has made Hy-
grade Sylvania one of the outstanding
companies in its field.

HYGRADE SYLYANIA HAS

PRODUCTION FACILITIES Engineering Skill

IN LINE WITII THE SET This same financial strength makes it
possible to maintain at all times an

MANUFACTURERS NEEDS engineering department representa-

tive of a high degree ot skill.

HYGRADE SYLVANIA CORPORATION

HYGRADE LAMP DIVISION SYLVANIA DIVISION
SALEM, MASS. EMPORIUM, PA.
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RADIO ENGINEERING

THE SIXTH ANNUAL

RM A TRADE SHow

AND 8™ ANNUAL CONVENTION

MAY 23-26,1932

CHICAGO

THE ONLY OFFICIAL R M A TRADE SHOW—
RADIO’S BIG ANNUAL CONCLAVE

Held by and for the Industry—Advanced to May, for Early Trade

NOTE—The May, 1932, Trade Show is the only Radio Show sponsored by the
RMA and under its management, for R M A members, Jobbers and Dealers.

Everybody in Radio will be at Chicago during the week

IMPORTANT

Radio sales will be helped greatly by the 1932 Presi-
dential Election Campaign!

The Republican and National Conventions are planned
next June., Therefore, the annual “JUNE?” trade show
and Convention of the R. M. A, is being advanced to
the week of May 23rd, 1932—for the Radio Industry
to start early, before the Presidential nominating Con-
ventions and Campaign.

{“

Reduced railroad rates—Special trains,

Official Hotels—Stevens Hotels and The Blackstone
—together on Michigan Avenue.

Joint meetings—Radio Wholesalers Association, Na-
tional Federation of Radio Associations and other
industrial organizations.

Invitation credentials for the Trade
mailed about April 15th, 1932.
DATE—MAY 23rd—AT CHICAGO!

i
ﬁADIO MANUFACTURERS ASSOCIATION

11-W. 42n0 STNY.CiTY

of May 23rd.

This is the Radio Industry’s own and largest annual
meeting! Thirty thousand (30,000) square feet of
Radio Exhibits in the Stevens Hotel. Public not ad-
mitted. For the trade only.

All Exhibitors required to show current merchandise
—-no vacant booths.

Twenty thousand (20.000) radio manufacturers, job-
bers and dealers to attend.

Show will be
REMEMBER THE

v 3177
NIRRT

32 W. RANDOLPH ST.CHICAGO

www americanradiohistorv com
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OF EVERY TYPE

For Every Coil Application

GENERAL CABLE

offers coil engineering service. For years
General Cable has been universally
recognized as the pioneer in the devel-
opment and manufacture of coils of pre-
cision, uniformity and quality.

GENERAL CABLE CORPORATION

EXECUTIVE OFFICES: 420 LEXINGTON AVENUE, NEW YORK . CONSULT OUR NEAREST OFFICE
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Type RL-2
De Luxe Electro-
dynamic Loudspeaker

Type RL-36
Midget Electro-
dynamic Loudspeaker

FROM “RADIO HEADQUARTERS”

Dependable loudspeakers

for every purpose

Type RL-43 Permanent
Magnet Loudspeaker
for automobile receivers

’I;lere is now available to radio manufacturers an
RCA Victor speaker for every purpose. The latest
development from the RCA Victor laboratories is the
type RL-43 Permanent Magnet Dynamic Speaker for use
with automobile or battery operated receivers. This
speaker combines high quality reproduction with low
cost and eliminates the objectionable drain on the “A”
battery required for field excitation of an electro-dy-
namic speaker.

Write us today for information on a speaker to meet
your particular requirements.

wwWw americanradiohistorv com
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De Luxe Permanent
Magnet Loudspeaker

Type RL-31
Consale Electro-
dynamic Loudspeaker
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T he

Review
of
Progress

EVERY step in elec-
tronic development has been anticipated by
Clarostat engineers in their art of control
design . .. They now offer a 60% saving in
the ““C”-bias limiting resistor.

This year engincering problems in set design were
largely matters of lowering cost. Many methods of
cost reduction were attempted . . . . . some were seri-
ously menacing factors of safety.
The *‘C"-bias limiting resistance
was subjected to various forms of
design economy. In some cases it
was attached like an appendix to
one of the volume control termi-
nals. In most cases these efforts
resulted in lack of mechanical and
electrical protection and a high

percentage of assembly troubles.

The Era of
Economy
Though classed as a
luxury the radio re-
ceiver for 1930-31 is
selling at the rate of

s 3,500,000 annually ..... ¥y
but 149 under the un-
usual year of 1929. 7

This was made pos-
: sible largely by efh-
= . ciency and design
" economies in sets and
components.

Clarostat engineers, backed by a decade of con-
trol and resistor experience are now offering a simple
solution. The ““C"-bias limiting resistor is made an
integral part of the volume control resistance wind-
ing. The contact arm is accurately stopped when it
reaches the bias winding, resulting in an exact fixed
value of desired “‘C'’-bias permanently set at the
Clarostat factory. Thus the *‘C"’-bias limiting resist-
ance is protected within the volume control housing,
resulting in a simpler trouble-
proof design. More important, a
60% saving is effected in the cost
of the "C"’-bias limiting resistance,
with actual increase in mechanical
and electrical factors of safety.

Clarostat can provide this de-

sign to meet any special require
ments.

Clarostat service to the electronic arts
includes  volume controls, woltage

regulators, vheostats and vesistors.

Clarostat NIanufacturing Co., Inc.

285 North 6th Street, Brooklyn, N. Y.
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www.americanradiohistory.com

Page 12

RMA directors

consider problems

patent problem, the proposed sales tax on

radio and many other important industry

problems were considered by the RMA
Board of Directors at their meeting November
19, at the Hotel Cleveland in Cleveland, Ohio.
Preliminary plans for the 8th annual RMA
convention and trade show at Chicago, begin-
ning May 23, 1932, the only official industry
show, also were approved. ]. Clarke Coit of
Chicago, president of the RMA, presided at the
directors’ meeting. Officers and directors of
the National Federation of Radio Associations
and the Radio Wholesalers Association also
met at luncheon with the managing committee
of the RMA for a conference on sales promo-
tion projects and improved radio merchandis-
ing practices.

Probability of treasury recommendations to
Congress of a manufacturers’ sales tax on radio
products was presented to the RMA board by
Frank D. Scott, the association’s Washington
legislative counsel. Action in the sales tax mat-
ter was deferred by the board, to await devel-
opments in Washington. It is planned to take
any necessary and appropriate action with due
regard to the Government’s revenue needs and
conditions of the radio industry, in cooperation
with other radio and industry organizations.
The RMA legislative committee, of which H.
B. Richmond, former RMA president, is chair-
man, is in charge of the matter.

President Coit and other chairmen reported
progress on the patent problem, in which nego-
tiations and conferences have not been com-
pleted.

Deploring many false reports regarding tele-
vision and “blue sky” television stock promo-
tions, the RMA board took steps to advise the
industry and the public regarding the true prog-
ress at present of television. A special state-
ment on the actual status of television will be
prepared and issued by the RMA. The board
of directors ordered preparation of such a
statement by the association’s engineering divi-
sion of which Dr. C. E. Brigham of Newark,
N. J., is chairman.

SALES promotion plans, television, the

Cooperation with Broadcasters

Closer cooperation on mutual problems has
been effected between radio manufacturing and
broadcasting interests, through the RMA and

RADIO ENGINEERING

LESLIE F. MUTER, Treasurer, RMA.

the National Association of DBroadcasters.
Legislative, advertising and many other broad-
casting problems are being studied and assisted
by the RMA. At the annual convention at
Detroit on October 27th of the National Asso-
ciation of Broadcasters, Bond Geddes, execu-
tive vice-president of the RMA, was a guest
speaker representing President Coit and the
Association.

Engineering Service

Expansion of engineering service to RMA
members is being effected by its engineering
division. Dr. C. E. Brigham of Newark, N. J.,
chief of the Association’s engineering division,
has completed organization of the division.
He has appointed the following: general
standards committee, Virgil M. Graham.
Rochester, N. Y., chairman; vacuum tube com-
mittee, R. M. Wise, Emporium, Pa., chairman;
interference committee, Tobe Deutschmann,
Canton, Mass., chairman; television committee,
D. E. Replogle, Newark, N. J., chairman; cab-
inet committee, E. V. Hughes, Peru, Ind.,
chairman; service section, E. M. Hartley, Cam-
den, N. ]J., chairman; safety section, L. C.
Curtis, Springfield, Mass., chairman; acoustic
devices committee, Peter L. Jensen, Chicago,
chairman; committee on receivers and power
supply, Lincoln Walsh, Buffalo, chairman.

In addition, Director Brigham plans to or-
ganize a committee on component parts for
standardization work.

Chairman Wise of the vacuum tube commit-
tee held a meeting in New York on October
28th to develop further standards for new
tubes.
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Dominant among Volume and "Tone Controls

EADERSHIP in any industry usually is founded upon several factors, not the least of
L which are that the product itself must be of superior quality and of unquestioned value.

Our Volume and Tone Controls have won their position of dominance in the radio
industry through sheer merit plus an easily recognized value.

Striking examples of this are to be found in our recently announced 70" Series Com-
position Element Volume and T'one Controls, and in our No. 20 Series Wire-Wound
Units, both of which are outstanding achievements in their respective fields.

Our new 70" Series Controls
offer surprising value and high
quality in a low-priced unit of
the composition element type.
Similarly, our No. 20 Series, with
its specially designed contact
member, provided the first really
practical solution of the problem
of noise in wire-wound Volume
and Tone Controls.

We shall be glad to send full
details of the seasoned principles
involved in the construction of
these controls, and invite inquiries
from interested engineers. If you
will send us exact specifications,
we will, without obligation, sub-
mit samples free of charge.

CHICAGO TELEPHONE SUPPLY CO.
HERBERT H. FROST, Inc.

SALES DIVISION

N N e N N N

Mo, 70 Series, withour switch
"Underwriters' Laboratories Inspected'” Switch, Rated 1.5 Amps, 230 Volts, 3 Amps. 123 Vol

N S N S S N e

N N N R N N N N N N i N Nt N e et e = e S N N N N e N N S N N N e N e N N N N ™ Vi ™ e
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T Resistonce Curves
of
— Bradleyomerers

In the Bradleyometer approxi-
mately 50 solid resistance
disks are interleaved between
metal disks, forming a resiste
ance column that will produce
any form of resistance-rotation
curve, as shown to the right,

RADIO ENGINEERING

The Bradleyometer is a
“stepped’’ potentiometer for
volume level control and tone
control. Can be furnished with
one to six units operated by
one knob. Ideal for sound re-
cording, telephone lines, etc.

0 8 n 0

Poi cant Toiol Roralion ol Knob

Every Radio Engineer
should have the latest data
on these remarkable resistors

N (" Pem— {ﬂ
Bradleyunit Resistors are made in five sizes, with : 3
or without leads. All Bradleyunits are color-coded 1
Bradleyunit Resist- to meet set manufacturers' specifications. These
orscanbe furnished N ) N =
with or without solid molded resistors are accurately calibrated = . i
. £=50
and have great mechanical strength. They are used
by the world's largest radio manufacturers for y =
o q L N
providing correct C-bias, plate voltage, screen Brodley Suppressors installed
grid voltage, and for use as grid leaks. Get an on spark plugs and distribu-

2 tor of radio-equipped car.
Aflen-Bradley quotation on your next order. 4 SR

Bradley Suppressors are special solid molded
resistors which minimize the disturbing oscilla-
tions in the ignition circuit of cars equipped with
radio resistors. They resist the destructive effects

of heat, moisture, and age. They are the last word
for motor car radio. Send for complete data.

Allen-Bradley Bulietin 880

Allen-Bradl ey Co. Photo-electric Relay used
with Allen-Bradley Bulle-
126 W. Greenfield Ave. Milwavkee, Wisconsin tin 875 Light Savrce. Can

be furnished in water-tight
enclosures for ovtdaor
service. Send for Bulletins

\&-v/ 875 and 880 today.

ALLEN -BRADLEY RESISTORS

Produced by the makers of Allen-Bradley Control Apparatus

www americanradiohistorv com
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Choosing a
screen-grid
tube

By Rinarpo DE Cora
A

An experimental inquiry
with reference to charac-
teristics of the 235, 55!
and 224 type radio tubes.

A

INCE the first inception of the

high vacuum thermionic device,

the most important single factor

for judging the merits of such
devices has been transconductance. This
was and still is an excellent merit fac-
tor, since it represents a relationship
between the more important tube con-
stants, i.e., amplification factor and al-
ternating plate circuit resistance. How-
ever, the application of such a figure of
merit for tubes does not apply equally
well in all cases. For illustration, in
radio receivers, it was found that sub-
stitution of screen-grid tubes with a
high value of transconductance did not
yield a higher value of amplification as
expected, when compared with tubes
with a smaller value of transconduct-
arice. In some cases a considerable de-
crease in gain (voltage amplification)
was realized with the higher Sm tube.
The effect mentioned above has led to
some doubt as to the importance of Sm
as a factor of merit for tubes when
used as voltage amplifiers.

To make more clear what is to follow
it will be stated here, that for voltage
amplifiers, the term, u (R’/R’4R,),
is more significant as a figure of merit
than the transconductance factor. In
this term, (1, represents the voltage am-
plification factor of the tube, R’, the
d-c. internal plate circuit resistance and

’

R,, the a-c. resistance. Also, the d-c.
resistance of a tube has a very material
effect upon the circuit into which it is
connected. In fact, this value of resist-
ance can be considered as connected
directly across the plate circuit load.
Consequently, tubes with low values' of
d-c. resistance may very materially af-
fect such circuits, especially those of
high impedance, due to the high damp-
ing introduced.

In the early stages of the introduc-
tion of the variable-mu or exponential
tube, and the various debates hinged
upon the original 235 versus the 551,
the affects mentioned above were par-
ticularly noticeable, due to the consid-
erable decrease in d-c. resistance of
these tubes, and also to the reduction of
the factor, p (R'/R'4-R,).

However, this reduction was greater
in the 235 than the 551, and less in the
case of the 224 than in either of the
two other tubes. This was to some ex-
tent responsible for many manufactur-
ers, who were not primarily interested
in other virtues possessed by the vari-
able-mu tube, in retaining the 224. This
consideration was undoubtedly of some
weight in the final choice of character-
istics for the present 2353,

Table I shows the average readings
of various characteristics of several
makes of 224 tubes. The readings rep-
resent an average of 12 tubes of each

e
O

5 TYPE A

o

Z40 T T

" el L |

[ e TYPE B&D

_’30 [

8 ' 2
S20 ]

s A TYPE Cf

3

550 790 1270

1030
KILOCYCLES

Fig. 1. Sensitivity of superheterodyne receiver.
make. In the subsequent considerations
the average readings shown in this table
will be used rather than the individual
reading of the particular tube used. In
all cases, however, the particular tubes
used conformed quite closely to the
average characteristics indicated.

Fig. 1, shows a sensitivity curve of a
superheterodyne receiver. Different
curves represent the sensitivity for the
particular make of tube used, and are
so indicated. This particular receiver
employed the following tubes: 224—first
r-f. 227—osc., 227—first detector, 224—
first i-f., 224—second i-f. and a 227
second dctector. This detector fed di-
rectly into a single pentode. Both plate
and grid circuits of the i-f. amplifiers
were tuned. Tle input signal was modu-
lated at the customary 400 cycles and

4
> 1 <
- L R' 3 }_—:C %L R=1/ 202
R'g e C'-l/w'lcplz E R /wictr
w=2Tf = {4 X 106 2wf=w= {75000 X 2T = {.1 X {06
C = .0002 uf = 200 uuf C = 0002 uf = 2X 1079 FARADS
R'= SHUNT RESISTANCE R = SERIES RESISTANCE
C'= EQUIVALENT CAPACITY R'= SHUNT Q
40 2400
232 \— 1920
S\ \
2 \\ 1440 \\
\ P
216 \ 960 \\
\
8 N 480 N
N N
200 [T T
1040 [ 108 1040 105 1086
R' R'
Fig. 2 A. Fig. 2 B.
Infl of shunt r
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the output taken at fifty milliwatts. In
each case only the 224 type tubes were
replaced.

It will be noticed that these curves
do not give any conclusive indication
of which set of tubes had the highest
value of transconductance. In fact tube
type C, with a much lower value of
transconductance, gave an average value
of gain greater than that of tube type
D, which had the highest value of trans-
conductance. A study of these curves
shows quite clearly that a relationship
of gain to transconductance is not very
evident, but the term p (R’/R’-LR,;),
gives a very good indication of which
is the most desirable tube.

In most cases substitution of different
tubes, required a retuning of circuits.
This retuning was necessary mostly in
the plate circuits.

However, a measurement of the various
interelectrode capacities for individual
tubes showed very close conformity, he-
tween the various makes. Consequently,
the change in capacity upon substitution
of various tubes could not be accounted
for by the small differences in inter-
clectrode capacities. In fact, the varia-
tions in capacity of different tubes did
not hear any relationship whatever to
the change apparent when inserted in
the set. In most cases the substitution
of a tube having a slightly greater ca-
pacity necessitated an increase in ca-
pacity rather than the predicted de-
crease. However, the change in capac-
ity mentioned can be accounted for by
reference to Fig. 2-A. This shows the
influence of the shunt resistance R* on
the effective capacity in the tuned cir-
cuit. For resistances in the vicinity
of 45,000 ohms, which is average for
the 224 type tube, a certain per cent
change in resistance is not as effective

in changing C’, as is an equal percent- .

age change, say to 30,000 ohms, which
is the d-c. resistance of the average
235.

Fig. 2-B shows the influence of dif-
ferent values of shunt resistance R/,

introduced into the tuned circuit LC.
This value of series resistance was cal-
culated from the relation,
R — l/w'.‘CQRI

where o is 2xf, and R, R/, C have the
same meaning as indicated in this fig-
ure. It will be noticed that even re-
sistances as high as 500,000 ohms have
an appreciable equivalent series resist-
ance, which in this case is 40 ohms. A
20,000 ohm resistance introduces over
2,000 ohms series resistance into the
circuit. The values of resistance shown
in this figure do not include the resist-
ance which exists within the condenser
and inductance. In this figure both of
these factors are considered perfect elec-
trically.

To show more clearly the effect of
the resistance R and its effect upon
the gain, the curve shown as Fig. 3 is
illustrated. This gain was calculated
from the relation, K = o L/R. The
svmbols have the meanings and values
indicated on the figure. This relation
expresses a voltage gain obtainable in
such a circuit, and is most accurate
for small values of R. Since this gain
is just as intrinsic as gain obtainable
through vacuum devices its importance
cannot be overlooked. In fact a well
designed circuit of this nature may he
more effective in increasing the gain of
an r-f. system than the addition of an-
other stage of amplification.

The Theory

Let us consider a single stage of r-f.
amplification and from it attempt to ob-
tain some simple but effective methods
of predicting its gain. Such a circuit
is shown in Fig. 4-A. For r-i. voltages
the by-pass condensers illustrated can
be considered as effective in connecting
each point at which they are connected
directly to ground. Since the space cur-
rent due to R’. exists hetween the ca-
thode and plate. the cathode end of R’
is at zero r-f. potential.

We can picture the circuit by an

equivalent form shown as Fig. 4-B.
’

upon the equivalent series resistance This shows the d-c. resistance R’ as
. _\_
HEgG - g L
-B-
l l AAAANA
R'R
Cl Rz i ' -
ER' R L Er R'+Rp FINITE
1- I _T_ LOAD
= W e W = - -D- =
Fig. 4. Analysis of gain in a single stage of r-f
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K= wlL/R
30 \\ w= {4 X {086~
K L =.004 H
A C = .0002 mf
20 \ K = VOLTAGE GAIN
N
10 N
N
m—
102 103 104
R

Fig. 3. Effect of resistance on gain.
connected directly across the tuned LC
circuit. The LC circuit is assumed to
be ideal, i.e, resistanceless. A study of
Fig. 4-B will show that it can be rep-
resented in its equivalent, simpler form,
as shown in Fig. 4-C. And the voltage
across R’ expressed by

RI
Ev=p |—E, (€}
R’ + R,

This relation is obvious. If we con-
sider E; as a unit voltage we obtain,

[ ]'{/
e ()
R + R,

As previously illustrated R’ can be re-
duced to its series equivalent, in cir-
cuit LC, from which we can obtain an
expression for optimum voltage gain.
This can be written as,

E, R’
e (e
E. R 4+ R,
Where E, is the voitage developed
across the inductance L. It will be no-
ticed that the transconductance factor
ot the device piays no direct part in the
determination of voltage gain obtain-
able, which is quite in keeping with
the experimental results mentioned

previously.

For conditions of plate load other
than the ideal circuit considered above,
it must be remembered that due to the
reduction in impedance or reactance,
depending on which type of load is
used, the circuit will have a shunt ef-
fect upon the resistance R’ reducing
the voltage drop across it. Thus it can
be seen that for small plate loads such
as used in many radio-frequency sys-
tems, this value of voltage developed
across the output circuit will be smaller,
becoming zero for short circuit con-
ditions.

To obtain some idea of what voltage
may be expected across the load, in such
cases, we can picture Fig. 4-A, with a
small load, instead of the ideal circuit
shown. This is shown in equivalent

(Concluded on page 32)

(2)

o L/R (3)
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Photo-

electric
relays

By Lyn~x H. MaTruias*

HOTOLELECTRIC relays con-

sist essentially of a light sensi-

tive cell and means of amplifying

the minute variations in current
through the photocell to sufficient mag-
nitude to operate a relay or other elec-
trical device. A variation in the inten-
sity of light falling on the photocell
causes variation in the photocell cur-
rent. This current greatly amplitied,
operates a relay or other electrical de-
vice.

The photoelectric relay may be used
as a pilot control for any operation
which may be initiated by the interrup-
tion of a heam of light. Since the in-
terruption of a beam of light does not
require appreciable mechanical forces.
the photoelectric relay may he used for
a great number of applications where
mechanical devices are not suitable. It
thus opens up an entirely new field of
automatic control.

Photoelectric relays mayv be used as
counting relays. limit switches, align-
ment controls, sorting devices, auto-
matic smoke detectors. for signs, air-
plane beacons and warning lights, of-
fices, etc., illumination controls, position
indicators, safety devices, automatic in-
spection devices, etc. Perhaps the wid-
est field of application is in automatic
equipment, although the use of the de-
vices ju other fields is widespread.

1931

Operation

A heam of light is allowed to fall on
the photoelectric cell. Any interruption
of this beam of light varies the current
through the photoelectric cell. The cur-
rent through the photoelectric cell con-
trols the operation of the two discharge
tubes which act as a discontinuous am-
plifier, i. e., for certain impressed po-
tentials, they conduct current. They
either conduct maximum current or are
entirely off, there are no intermediate
points at which the current through the
discharge tubes is slowly increasing.

The schematic diagram of this device
is shown in Fig. 1, the tubes D, are
2-element gaseous discharge tubes. The
current voltage characteristics of this
type of tube are shown in Fig. 2. It is
seen that the potential across the tube
must be increased to A hefore an ap-
preciable current flows through the tube.

*Allen-Bradlexy Company.

Once the discharge is started. the po-
tential across the tube must be reduced
to B before it stops conducting current.
This characteristic of the discharge
tube, i. e.. the fact that it requires a
much higher potential to get the tube
in a conducting state, than it does to
render the tube non-conducting, is made
use of in the photoelectric relay.

In operation, the photocell alters the
potential distribution across two dis-
charge tubes in series. When the po-
tential across one tube becomes greater
than A (Fig. 2), that tube hecomes a
comparatively good conductor and the
voltage drop across it, falls to B. This
increases the potential difference across
the remaining discharge tube, since the
transformer voltage is practically con-
stant, and, hence it also breaks down.
Since the two tubes are in series across
the supply and both in a conducting
state, a comparatively large current
flows through the relay transformer, etc.

The condenser C is adjustable and
varies the potential applied across the
tubes at the nominal illumination, i. e,
it is varied to adjust the operating point
for different light intensities.

The photoelectric relays may be op-
crated in any position. Provision must
be made for access to the light inten-
sity adjustment and also for removal or
opening of the cover.

Relay

The relay is a sensitive type. requir-
ing only 0.15 watts to close with d-c..
and is operated dirvectly from the small
currents through the discharge tubes.
Since the current through the tubes is
pulsating d-c., some means must he pro-
vided to keep the relay from chattering.
This is accomplished by shunting the
relay coil with a condenser and by the
use of a small shading coil on the relay
armature. The contacts of the relay are
coin silver, providing low contact re-
sistance and ample carrying capacity in
a small contact. The contacts are car-
ried on long flat phosphor bronze
springs. These springs are worked un-
der very small stress and should give
exceptionally long life.
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Photocell and relay circuit.
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attached to

Photoelectric €
2-foot flexible connecting cord as us-d for indoor

relay with photocell

service. Cabinet door opened showing amplifier
tubes, relay, and related equipment.

The relay may be supplied with nor-
mally open, normally closed, or both
types of contacts.

The contacts will carry and break 10
anmiperes, 110 volts, a-c,, non-inductive
load.

Power Supply

The photoelectric relay equipment de-
scribed above will operate only on alter-
nating current of commercial fre-
quency. It may be supplied for various
line voltages and frequencics.

The speed of operation is normally
limited by the mechanical devices in the
circuit, such as relays, counters, etc.
This may not be true in cases where the
photocell is mounted externally, then
the clectrostatic capacitance of the ca-
ble is comparable to the controlling im-
pedances at low light intensities. This
has the effect of giving the control cir-
cuit an appreciable time coustant. The
time lag in the tubes, and the remaining
portion of the electrical circuit, is only
of the order of a few microseconds. The
present photo relays will close the relay
contacts in 1/10 second.

The minimum differential in light in-
tensity necessary to give positive oper-
ation is approximately 10 foot candles.
In special cases, this may be made con-
siderably smaller.

The adjustable condenser provides
for wide range in operating light inten-
sity over which the differential is sub-
stantially constant.

Installation

The two discharge tubes and the pho-
toelectric cell are inserted in their
proper sockets, and the supply voltage
is connected to the terminals provided.
The tap on the primary of the trans-
former should be changed to the one
which is nearest to the actual norma?
value of line voltage. The light source
is then set up and light allowed to fall
on the photoelectric cell.

The small condenser adjustment at
the top left-hand corner of the cabinet
is then adjusted with a screw-driver
until the relay turns on and off when
the light beam is interrupted.
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The design and
development of the high-
power oscillator or

amplifier tube UV-862

By R. W. Larsex*

[T

W

Herewith is an authoritative and understandable tech-
nical account of the development of the UV-862 trans-
mitter electron tube, designed for Class B and Class C

amplifier service.

History

URING the world war a few

types of small air-cooled trans-

mitting tubes were in regular

production. The development
of larger types was given additional im-
petus by the increasing demand for re-
liable means of communication in war-
fare. There was a constant demand for
higher antenna output. This demand
could be met by parallel operation of
available tube types or by the develop-
ment of larger and more powerful tubes.
Both of these means were subsequently
used but in this country, at least, it
soon became apparent that in high-pow-
er transmitters the use of comparatively
large tubes had certain advantages over
the parallel operation of several smaller

Vacuum Tube Engincering Department, Gen-
eral Electric Co., Scwencctady, N. Y

TR TR T T R
tubes. In general, these advantages
were

1. Lower tube cost per hour per kw.
of antenna output.

2. Fewer items of auxiliary equip-
ment required.

3. Better continuity of service.

4. Less space required.

5. Simplified transmitter design.

While the conventional type of anode
used in air-cooled tubes can safely dis-
sipate approximately 30 watts per square
inch, a water-cooled anode can dissi-
pate approximately 400-500 watts per
square inch. It is obvious from these
figures that an air-cooled tube designed
to have a useful output of 10-20 kilo-
watts would be unreasonably large and
expensive as compared to a water-cooled
tube. Therefore, development work was
started which resulted in the construc-

Fig. 1.

Evolution of the water-cooled tube.
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tion and operation of transmitting
tubes in which the plate (or anode)
was cooled directly by a flow of water.
Details of design and methods of manu-
facture have been continuously im-
proved to bring these tubes to their
present status of useful life and reliabil-
ity.

Further development of new types
of water-cooled tubes was conducted
along two lines; higher frequencies and
higher power. This article deals with
the trend to higher power. Fig. 1 il-
lustrates some of the steps in the evolu-
tion of the water-cooled transmitting
tube.

Technical Data on Radiotron UV-862

The largest of the Radiotron family,
the UV-862, is a direct step from the
older UV-207. Table I gives a tabula-
tion of the summarized technical data
of these two types.

TABLE !

General Information uv-gez UV-207
Filament Voltage ......... 33.0 22.0 volts
Curremtt ...ocooeiennns 207.0  52.0 amps.
ilpe—T\mgsten
Avg. characteristic values
Amplification factor ..... 48 20
Plate resistance ........ 2800 3500 ohms
Gnd-plate transcondnc-
(fT093 _q000009000000000000 17150 5700 mmbhs.
Approx. direct interelcc-
trode capacities
Plate to grid . 80 27 puf
Grid to filament 52 18 puf
Plate to filament . 2 2 puf
Max. overall dimensions
Length  ....ovvveniiinuns 60% 201 inches
Dianteter ....e.evieeeennes 6% 4 5-32 inches

R-F. Power Amplifier—Class B
Max. operating d-c. plate

% 20000 15000 volts

current ....... 5.00 1.0 amps.
Max. plate dissipa . 100000 10000 watts
Max, r-f grid current. 60 30 amps.
Typical operation
Plate supply voltage ... 18 12 kv.
Unmodulated d-c. plate
current 4.20 0.90 amps.

. 100000 14000 watts
25000 3500 watts

Oscillator & R-F. Power Amplifier—Class C
Max. unmodulated d-c plate

Peak output
Carrier outpu
factor

voltage .....ivriireriias 15000 volts
Max. d-c. plate current ... *10.00 2.00 amps.
Max. d-c. grid current .... 100 0.2 amps.
Max. plate dissipation ..., 100000 10000 watts
Max. r-f. grid curremt .... 60 30 amps.
T\plcal operation
Plate suppiy voltage ..... 18 12 kv.
Qutput  covvvvrinianiran 100000 15000 watts

*If plate modulation is wused, divide this
figure by (1 + modulation factor) to get the
maximion d-c, plate current.

The following are the Institute of
Radio Engineers definitions of class B
and class C amplifiers:

Class B Amplifier

A class B amplifier is an amplifier
which operates in such a manner that
the power output is proportional to the
square of the grid excitation voltage.

This is accomplished by operating
with a negative grid bias such that the
plate current is reduced to a relatively
low value with no grid excitation volt-
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Fig. 2.

Assembly of tube elements.

age, and by applying excitation such
that pulses of plate current are pro-
duced on the positive half cycle of the
grid voltage variations. The grid may.
usually go positive on excitation peaks,
the harmonics being removed from the
output by suitable means.

The characteristics of a class B am-
plifier are medium efficiency and output
with a relatively low ratio of power
amplification.

Class C Amplifier

A class C amplifier is an amplifier
which operates in such a manner that
the output varies as the square of the
plate voltage within limits.

This is accomplished by operating
with a negative grid bias more than
sufficient to reduce the plate current to
zero with no excitation. An alternat-
ing grid excitation voltage is applied
such that large amplitudes of plate cur-
rents are passed during a fraction of
the positive half cycle of the grid excita-
tion voltage variation. The grid volt-
age usually swings sufficiently positive
to allow saturation plate current to flow
through the tube. Thus the plate out-
put waves are not free from harmonics,
and suitable means are usually provided
to remove harmoniés from the output.

The characteristics of the class C am-
plifier are high plate circuit efficiency
and output with a relatively low ratio
of power amplification.

In rating transmitting Radiotrons,
certain values are given as maximum;
that is, the values beyond which it is
unsafe to go from the viewpoint of life
and performance. For example, the
maximum operating plate voltage can

be obtained from Table I and the
amount of plate voltage fluctuation due
tc line voltage variation, load variation,
and manufacturing variation in the ap-
paratus must be determined or estimat-
ed. An average value of plate voltage
must then be decided upon so that under
the usual operating variation the maxi-
mum rated plate voltage will never be
exceeded.

Typical operating conditions for each
recommended class of service, A, B,
and C amplifiers, are also given in Table
I. These values must not be considered
as ratings, since the tube can be used
under any suitable conditions within
the maximum ratings to secure the re-
quired output. The output values are
approximate tube outputs; that is, tube
input minus plate loss. Circuit losses
must be subtracted from tube output in
calculating useful output. These output
figures are therefore approximate
tube outputs under certain typical op-
erating conditions and must not be used
as output ratings.

Design Features

In designing a new type of tube all
the factors involved must be so coor-
dinated that the final design is balanced
in so far as possible both from the eco-
nomic and the technical points of view.
The major technical requirements are
efficiency, emission, dissipation, and ex-

citation. In the final design, optimum
efficiency with reasonable excitation
RO
Fig. 3. Assembling

a type 862 tube,

TR
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should occur at, or just below, the
points of maximum safe dissipation and
maximum available emission, assuming
the most exacting of typical classes of
service. If more than this emission is
provided the operating cost in the cus-
tomer’s transmitter will be unnecessarily
high. If more than the required plate
dissipation is provided the first cost will
be increased unnecessarily. The design
and the procedure in manufacture must
be so unified that no material is used
and no labor is required which does not
pay its way. Unnecessary material is
particularly objectionable in that the
time, equipment, and labor required on
final exhaust are increased.

The Filament

The filament of Radiotron UV-862 is
of pure tungsten and approximately 8
feet of .050 inch wire are used. This
wire forms three parallel paths which
may be considered as three V’s.

The design of the filament involves,
in addition to the mechanical problems,
the following factors:

1. Total peak emission required.
2. Emission per watt.

3. Filament life.

4. End cooling and lead losses.

In the case of pure tungsten filaments
ir is not true that the filament with the
longest possible life is the most desirable
or economical. The problem must be

considered primarily with regard to
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minimum cost per hour per kilowatt of
transmitter output.

We have assumed that we are to de-
sign for a particular class of service.
The general requirements, such as ap-
proximate normal plate voltage, normal
plate efficiency and required output,
nwust be known or calculated. From
these requirements we can calculate the
d-c. plate current and the emission
which must be supplied by the filament.
The two important factors in the oper-
ating cost of a tube with pure tungsten
filament are: cost of filament excita-
tion per hour, which in cents we will
call a; and tube cost per hour, which
in cents per hour we will call b. These
values a and b vary with filament tem-
perature, which we will call t. By cal-
culating and plotting curves of a -
f.t and b = f.t and then plotting a 4 b
— f.t, we can find the temperature at
which the cost of operation is at a min-
imum. These data can be calculated
from the characteristics of pure tung-
sten wire.

The chief consideration in the me-
chanical design of the filament are ther-
mal expansion and rigidity of the wire.
In the UV-862 the expansion is cared
for by a large tungsten coil spring at
the lower end of the filament assembly.
To prevent distortion of the filament.
alternate wires are tied together at
equipotential points at the middle of
the span by Y shaped yokes of fine
tungsten wire. In addition, the tungsten
filament wire must be carefully selected
for its sag characteristics. Wire which
is too hard will break during the ship-
ment of the tube and wire which is not
sufficiently rigid will sag during the
operation of the tube. Sagging will
eventually short circuit the grid and
filament electrodes, rendering the tube
inoperative.

The filament heating current is con-
ducted to the filament from the outside
of the tube through two heavy leads.
These leads are securely bound to each
filament leg through a set of fingers;
are sealed to the glass by copper seals
and, after passing through the metal

cap or base at the top of the glass en-
velope, end in large switchboard-type
copper lugs. The copper seals are min-
iature models of the large anode seal
which connects the glass bulb to the
anode proper. During operation of the
tube the filament seals are cooled by an
air blast. The filament base is pro-
vided with air tubing which is connect-
ed during operation to the blower sys-
tem of the transmitter. Below the
filament base, within the filament stem
tubing, the air tubing is divided into
two nozzles which properly direct the
flow of cooling air against the two fila-
ment seals.

The Grid

The design of the grid can also be
divided into two parts—electrical and
mechanical. Some of the electrical con-
siderations are: amplification factor, in-
terelectrode capacity, grid current char-
acteristic, space charge loss, resistance
and inductance of leads, and uniformity
of characteristics. Since the UV-862
was designed for class B and class C
amplifier service, the amplification fac-
tor is relatively high—50. The grid-
filament spacing is designed to effect the
optimum compromise hetween low space
charge loss, low interelectrode capacity,
and low heat transfer by radiation from
the filament. The amplification factor
and space charge loss can be predicted
with considerable accuracy from theo-
retical calculations.

The mechanical design of the grid
involves: rigidity, strength, mass, sim-
plicity of assembly, and uniformity of
characteristics. The UV-862 grid is
fabricated almost entirely of tungsten
wire with the exception of the molybde-
num clamps, bands and shields. The
grid as made has six stay wires, and a
spiral grid winding interlocked by
means of a binding spiral. This design
is especially rigid and results in me-
chanical uniformity. Although the grid
is supported at both ends, nevertheless,
the design of a structure sufficiently
strong requires considerable care since
the overall length of the grid is 40

i

Fig. 4. X-ray exami-

nation of mechanical

condition of tube
electrodes.

RN AT IR P

www americanradiohistorvy com

RADIO ENGINEERING

L ETHE TG

Fig. 5. The tube
complete.

SIS

inches and the diameter only 214 inches.
Fig. 2 shows the grid assembly.

The Plate

The safe plate dissipation per square
inch for a copper anode in a water-
jacket was known from experience with
smaller tubes. We could therefore cal-
culate the required anode area for the
dissipation rating which was required.
It then remained to determine the rela-
tive length and diameter of the anode.
This determination involved a calcula-
tion of the characteristics and consider-
ation of the mechanical design.

In the construction of the anode we
were assisted by developnients in the
art of drawing of copper. These anodes
are drawn by a series of dies from a
flat sheet of specially selected copper.
When received from the factory where
the drawing is done the anode is in its
final shape, 4.2 inches outside diameter
and 40 inches long with a slight flare
at the open end. The wall thickness is
approximately .100 inch. The flared end
is then turned to the proper taper for
the seal and a copper flange is forced
onto the outside and soldered just be-
low the flare to provide a surface for
the gasket in sealing the water-jacket.

Assembly

The assembly of a tube as large as
the UV-862 is something of a problem
in itself. The three electrodes are
mounted rigidly with respect to each
other at the top of the tube by three
concentric insulating glass cylinders,
The electrodes are so long that they
must also be supported at the bottom
end. This is accomplislied by the use
of a fused quartz rod about 11 inches
long and half an inch in diameter,
mounted in the axis of tlie tube. The
top of the quartz rod is fastened to the
lower end of the filament spring which
is mentioned above. The center of the
quartz rod is fastened rigidly to the
bottom of the grid support stays. A
molybdenum disc which fits inside the
anode with only a few thousandths of
an inch clearance is mounted on the
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lower end of the quartz rod. The
quartz rod maintains tension through
the spring on the filament wires and
also serves to keep the three electrodes
in good alignment at the lower end of
the tube. After the grid and filament
have been mounted together so that the
proper spring tension is applied to the
filament, these electrodes are sealed into
an anode on which the glass cylinder
has already been sealed. Fig. 3 shows
the tube being prepared for the last
operation in assembly. This final as-
sembly is done in a large vertical seal-
ing-in machine which rotates the elec-
trodes at a constant speed, while a
dozen gas flames are applied to the
flare seal at the top of the tube. The
grid seal is later made by hand and the
tube is ready for the exhaust treatment.

Exhaust

Most of the metal parts have been
hydrogen fired and some, in addition.
have been preheated by high frequency
eddy currents in vacuum prior to as-
sembly. The final exhaust therefore
consists mostly of glass “bake-outs,”
anode heating, high temperature fila-
ment operation, and grid bombardment.
Since the tube is exhausted without a
water-jacket, the anode reaches a tem-
perature just below the melting point
of the copper and well above the point
where the copper begins to lose me-
chanical strength. Tt is therecfore nec-
essary during the entire exhaust to
maintain a rough vacuum on the out-
side of the anode by the use of a metal
container attached to a vacuum system.
Since there is a good vacuum inside of
the anode, the high temperature of the
anode would result in its collapse duc
to atmospheric pressure on the outside
it these precautions were not taken. The
exhaust procedure is designed to bring
all of the tube parts to temperatures
well above those encountered during
normal operation. These temperatures
are maintained, high speed vacuum
pumps removing the evolved gas. until
the gas pressure within the tube has
remained at'a very low value for about
half an hour, indicating that the fur-
ther evolution of gas at this tempera-
ture is so slow as to be negligible.

Testing

The next step in manufacture is the
test procedure which is intended to
accomplish the following:

(a) To detect tubes which are slow
leakers through the metal anode or the
glass seals.

(b) To test for degree of exhaust.

(¢) To test for uniformity of charac-
teristics.

(d) To test for filament emission.

(e) A full load test simulating actual
operating conditions as a final check on
the quality of the tube.

The preliminary tests—a, b, ¢, d, above

—are much more sensitive than the
final full-load test and, therefore, minor
variations in quality can be detected
and corrected in manufacture before
they seriously affect production. One
of these preliminary tests is a shelf test
of sufficient duration to demonstrate
that the vacuum in the tube will not
deteriorate in storage. X-ray photo-
graphs are used wherever necessary to
check the mechanical conditions of the
electrodes within the tube (see Fig. 4).
Fig. 5 shows the completed Radiotron
UVv-862.

Shipment
Due to the unit value of these large
tubes and the fact that radio transmit-

ting stations are often in rather out-of-
the-way places, special attention is given

Fig. 6. Shipping container for the 862.

to the packing of these tubes for trans-
portation. The tube is shipped in a
crate which resembles a truncated pyra-
mid. This crate is approximately 6%
feet high and 3 feet square at the hot-
tom. In the crate the tube is supported
by a mounting designed to prevent the
transmission of a shock to the tube.
The crated tube ready for shipment
weighs approximately 175 pounds. TFig.
6 shows the tube in the shipping crate.

General

Safety factors in vacuum tube de-
sign can be approached entirely from
the economic point of view. Apparatus
can be huilt into a transmitter at rea-
sonable cost to adequately protect the
tube from excessive currents, voltage
and energy dissipation. Such equip-
ment can be designed to insure correct
operating conditions at all times. Tt
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is more economical to protect a tube in
the transmitter in this way than to de-
sign the tube with such large safety
factors that it will not require external
protective apparatus.

There 'is one important difference be-
tween design and development in high
powered transmitting tubes and in re-
ceiving tubes, In receiving tube manu-
facture, the cust of each unit is small
and the production of these units per
month is very large. The unit cost of a
UV-862 is relatively large and the pro-
duction of units per month is small.
While a change in design of a receiv-
ing tube to effect a saving of a fraction
of a cent per unit may be justified, a
similar change in design of a large
transmitting tube intended to effect a
saving of dollars may prove to be bad
economy when one or more units are
lost during the change in production.
Furthermore, it is not economically
feasible to run life tests on representa-
tive samples of large tubes in quantities
sufficient to give data of any value.
Therefore, every step in the design
must be worked out with the utmost
care since “cut and try” methods are
very expensive. Design data are ob-
tained, to a considerable extent, by care-
ful examination of returned tubes from
service. Such information, accumulated
during the development of smaller
water-cooled tubes, has proven to be
of immense value in the design and de-
velopment of the UV-862.

Installation

The water-cooling system for the
plate of Radiotron UV-862 usually con-
sists of a source of cooling water, a
feed-pipe system connecting the source
to the inlet of the cooling jacket and a
discharge-pipe system connecting the
outlet of the cooling jacket to the source
where the water is cooled again. The
use of distilled water is recommended
hecause it prevents the formation of
scale on the plate.

One system of cooling, which is com-
monly used consists of a relatively large
water-cooling unit such as an outdoor
tank, a well, or a large radiator, a
pump to supply water under pressure,
and lengths of rubber hose to carry
water from a grounded point in the pipe
system to and from the tube jackets.
The hose should be of sufficient length
so that the water column contained
therein has a resistance high enough to
reduce the leakage current to a neg-
ligible value. Water with a specific re-
sistance not lower than 4,000 ohms per
cc. should be used.

Cooling the Plate

Cooling of the plate of the tube is
accomplished by using a water jacket.
Tt supports the tube in the correct ver-
tical position with the glass end up and
is provided tvith a corona shield to pro-
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tect the glass of the tube against punc-
ture. To insure proper cooling of the
plate, there exists an optimum clear-
ance bctween the plate and the inner
water jacket wall.

The flow and temperature of water
in the jackets are important. The water
should not be allowed to boil and the
flow should be large enough to prevent
steam bubbles forming on the plate sur-
face. A flow of 12 gallons per minute
is ordinarily sufficient except in cases
of scale formation when an increased
flow is beneficial. If the water flow
fails, even for a short time, the Radio-
tron will be damaged. For this reason,
it is .advisable to interconnect the fila-
ment and plate supply with the water
supply so that if the water flow is less
than that recommended above, the volt-
ages cannot be supplied. Without the
cooling water, the filament heat alone
is sufficient to damage the Radiotron.

Mention has been made of scale for-
mation on the plates of Radiotrons
wvhen water other than distilled water
has been used. Such formation must
not be allowed to occur, since the ac-
cumulation of scale prevents the proper
transfer of heat from the plate to the
water. When scale occurs, it is found
ordinarily that the water contains a
high percentage of mineral matter, es-
pecially sulphates and carbonates. When
the hardness of the cooling water is
above 10 grains per gallon, and the
dissipation, flow and outlet temperature
are normal, there is possibility of scale
formation. Another possible danger is
the use of water having a specific re-
sistance lower than the recommended
value of 4,000 ohms per cm. cube. A
sample of the cooling water should be
analyzed before plans are made for the
water system.

The air-cooling system for the UV-
862 Radiotron is usually interconnected
with the filament and plate supply to
prevent the application of voltage with-
out suitable air cooling. The air-cool-
ing system consists of a blower and air-
ducts of large cross-section. These
ducts lead from the blower to the per-
forated hollow ring supplying the air
to the bulb just above the anode seal
and also to the nozzle supplying the
air to the filament stem. The perfor-
ated hollow ring is part of the water
jacket and acts as a combination air
nozzle and electrostatic shield. An air
flow of approximately 25 cu. feet per
minute is usually required. The pres-
sure at the inlet to the nozzle under
this condition is equivalent approxi-
mately to 34 inch of water. The fila-
ment seal nozzle is incorporated in the
hase design and consists of a tube ex-
tending down inside the filament stem.
An air flow of approximately 5 cu, feet
per minute is usually required to main-
tain correct stem temperature.

Fig. 7. Tube mounting in broadcast transmitter.

The associated electrical apparatus
tequired for Radiotron UV-862 is simi-
lar in most respects to that required for
lower power tubes except that, as with
other power equipment of high capacity,
more attention is given to the provision
of protective equipment.

Filament Circuit

The filament circuit for the UV-862
carries a fairly large current at low
voltage. Therefore, the usual precau-
tions must be taken against loss of volt-
age and heating due to poor connec-
tions. Filament power may be either
alternating current, furnished by a trans-
former, or direct current, furnished bv
a generator. The power supply must
be arranged with suitable resistors or
regulators to raise the filament voltage
gradually on starting or in several
steps. The reason for this lies in the
very low resistance of a cold tungsten
filament which results in an initial cur-
rent of about ten times normal in the
case of full voltage suddenly applied.
This, combined with the sudden heat-
ing, would set up undesirable mechani-
cal strains in the filament structure.
The instantaneous value of filament
current in starting should not exceed
double the rated value. For broadcast-
ing or similar service, the filament is
best supplied by direct current to insure
minimum hum of the carrier wave. The
filament of the Radiotron should be
operated at constant voltage rather than
constant current. If the Radiotron is
used at relatively low output, the plate
current will be less than normal, re-
quiring less than the normal emission
of the filament. The filament may,
therefore, be operated at a slightly
lower temperature, giving longer life
than at normal temperature. Care must
be taken, however, that sufficient emis-
sion is provided; otherwise, instability
of operation may be experienced or the
rated plate dissipation of the tube ex-
ceeded. The filament should, of course,
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be allowed to reach normal operating
temperature before the plate voltage is
applied.

The plate circuit must be provided
with a protective device to prevent the
Radiotron from drawing a heavy over-
load. For this purpose, the coil of an
instantaneous overload relay may be
placed in the ground lead of the plate
return. This is set for slightly higher
than normal plate current and operates
to open the circuit breakers in the pri-
mary winding of the rectifier trans-
former.

R-F. Power Amplifier—Class B

The maximum safe plate voltage is
20,000 volts when the tube is used singly
at a frequency less than 1,500 kilo-
cycles. When these tubes are used in
parallel the plate voltage and output
per tube must be decreased and in ad-
dition, precautions must be taken to
balance the load between tubes. The
normal peak power output is usually
approximately 100 kilowatts at a plate
voltage of 18,000 volts. This means
that with conditions such that a modu-
lation factor of 1.0 may be used, the
carrier output is approximately 25 kilo-
watts. Under these conditions the d-c.
plate current is about 4.2 amperes. The
following tabulation (Table II) gives
voltages and certain typical operating
conditions which correspond to the
various plate voltages which may be
used.

TABLE It o
Typical Approx. *Typical Value of
peak orid  carrier

Plate output bias output Plate Plate
voltage kw. volts kw. current losskw,
18,000 100 —380 25 4.2 50
15,000 70 —310 17.5 3.5 35
12,000 45 —240 11 28 22.5
10,000 30 —200 7.5 2.3 15.5

*The wvalues given are jor conditions such
that a modulation factor of 1.0 can be wused.
The wvalues themseclves are those taken when
no modulation is being applied, the output being
pure carrier.,

R-F. Power Amplifier—Class C

The tube can be used either as an
oscillator or as a radio-frequency power
amplifier, the ratings being the same
for each. The typical operating values
given in Table III are based on good
efficiency and proper circuit adjustment.

TABLE (1l
Approx.
Typical  Typical plate Gri:l-bias
Plate volts Output kw. Current amps.  volts
18.000 100 8.4 4000
15 000 75 7.0 3300
2,000 45 5.6 2700
10 000 30 45 2200

The values of grid-bias volts given
in the Table III are the total grid-bias
voltages, regardless of the method of
cbtaining this voltage. With the rec-

(Concluded on page 30)
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Portable

speech-input

1931

equipment’
By E. G

N the early days of broadcasting,
program directors, quite naturally,
found it desirable to undertake the
transmission of programs taking
place outside of the studio. Athletic
events, speeches by prominent people,
or excerpts from plays picked . up
directly from the stage, all seemed desir-
able material.- To take advantage of
such programs, however, required that
complete speech-input equipment be in-
stalled fairly close to the actual
program. In general it was
not possible merely to install
the necessary microphones at

FRACKER

the units of the rack-mounted sys-

tem with some modification were
arranged in trunks, thereby pro-
viding a. semi-portable equipment.

Its general :appearance and method
of use are shown in Fig. 1. After
this 6-A speech-input equipment, as
it was called, had been in use for
some time, sufficient data were obtained
to form the basis of an entirely new
design which would combine all the re-

TO BROADCASTING

the scene of the program be- STATION

. I = — -
cause their output was at too | TO ORDER
low a level to be transmitted [ RTINS W&

to the studio over any con-
siderable length of circuit with-
out suffering objectionable in-
terference.

Speech-input equipment in-
cludes, in addition to the one
or more microphones, mixers
which combine in the desired
proportion the output from the
various microphones, and am-
plifiers which raise the level
of combined output to a value
satisfactory for transmission
to the broadcasting studio.
Switching and power-supply
equipment is also required at
the speech-input point. The
equipment originally employed
for this service was that design-
ed for use at the broadcast-
ing station and was arranged
for permanent mounting on re-
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quired features in more portable appa-
ratus. Embodying the latest develop-
ments in the amplifier art, the resulting
equipment is smaller, much lighter, and
more convenient than the equipment it
supersedes. Omitting accessories, the
new equipment is contained in two cab-
inets of suit-case size, and a small bat-
tery box, as shown in Fig. 2. It is in-
tended that the battery box, cords, trans-
mitters, subscriber set, monitoring head-
set and other material required in addi-
tion to the amplifier and control cabinet
for picking up programs will be carried
in an ordinary suit case. One of the
major units is the 710-A control cabinet
which is used as a mixer, and the other,
the 55-A amplifier which increases the
output of the mixer to a level suitable
for. transmission to the broadcasting
studio. The 55-A amplifier may be used
alone when only two mlcrophones and
no mixing is required. .

The development of these new units
required consideration of many unusual
factors and the solving of many elec-
trical and mechanical problems. The
new equipment not only serves its pur-
pose as well as and even better than
the equipment it replaces, but it occupies
a space of only 3.7 cubic feet and weighs
bhut 149 pounds, as compared with 12.1

lay racks. Considerable work
was required, therefore, to in-
stall and connect such rack-
mounted speech-input equip-
ment whenever a program was
to be picked up at a location
not permanently equipped as a
pickup station.

To improve this situation,

tBeil  Laboratories

Record,
October, 1931,

1 AMPLIFIER CABINET .
2 CONTROL CABINET

3 MAGNETO TEL.SET (DESK STAND)
4 MAGNETO TEL,SET (SUB.SET)

2 MONITORING HEAD SET

B MICROPHONE FOR ANNOSUNCER

3
9 MICROPHONE FOR MINISTER CHOIR AND CONGREGATIONAL SING ING
J,:IIJICROPNONE FOR ORGAN MUSIC,

Fig. 1.

‘The use of speech-input equlpment is shown by this schematic illustration of the

semi-portable 6-A equipment.
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Fig. 2.

cubic feet and 558 pounds for the equip-
ment illustrated by Fig. 1. The net
result is a considerable saving in oper-
ating time, in first cost, in transporta-
tion time and expense, and a reduction
in the personnel.

The control cabinet, at the left of
Fig. 2, has receptacles on its left end
for connection to three microphones, and
on its face has three potentiometer dials
for regulating the relative volume of
each microphone. Directly beneath
these dials are three lever-type keys used
for measuring the current in either
button of two-button microphones, and
beneath them are three other keys for
switching on or off each of the micro-
phones. An ammeter is provided which
by use of a lever-type key may be used
for measuring either the microphone-
button current or the filament current
of the vacuum tube employed as a single-
stage amplifier. A volume indicator,
a battery switch, and a filament
rheostat complete the equipment
on the front panel.

A schematic of the control

circuit is shown in Fig. 3. The E
amplifier is designed to make up [
for the loss in the mixing po- 39
tentiometers only. Since the E
239-A tube is employed, only r

small batteries are required and
these are contained within the
cabinet. The interconnected po-
tentiometers serve to mix the
output of the three microphones
in any desired proportions, and
their output, through the ampli-
fier, furnishes the input to the
main amplifier contained in the
other cabinet.

This amplifier cabinet, shown
on the right of Fig. 2. carries
on the left end receptacles for
two microphone connections—
one of which would be connected
to the control cabinet—and on
the other end a five-point re-
ceptacle for connection to the
battery box. Terminals arc
provided on the lower right-

TRANSMITTER

hand corner for three lines
to broadcasting stations, and
for a telephone set. In addi-

tion, two jacks are furnished:

The new speech-input equipment. reduced to a much 11 p is pletely portable.

one for monitoring and the other for
a telephone. An ammeter and a vol-
ume indicator are mounted on the
upper part of the face, and dials for
gain control, filament current, and two
for control of the volume indicator are
also provided. In addition there is a
lever-type key for connecting either of
the two microphone receptacles to the
amplifier, a battery switch, push keys for
measuring filament or microphone cur-
rent, and three lever-type keys, on the
right, for connecting any of the outgoing
lines either to the output of the amiplifier
or to the telephone set so that any line
may be used as an order wire.

A schematic of the amplifier circuit
is shown in Fig. 4. A three-stage am-
plifier is employed, the last stage of
which is connected push-pull. A trans-
mission gain of about 67 db. is pro-
vided at 1000 cycles, and over the fre-
quency range from 40 to 7000 cycles
the variation in gain is not more than

RADIO ENGINEERING

+ 1.5 db. The final push-pull
stage minimizes distortion and
makes possible an output level of
-+ 8 db.

The volume-indicator circuit in-
cludes a potentiometer for adjust-
ing the initial grid bias of the
vacuum tube and a six-point dial
switch for selecting the proportion
of the output voltage to be ap-
plied to this tube. The points are
marked to correspond to the level
being transmitted when the switch
is adjusted properly in conjunction
with the reading of the meter. A
three-point receptacle for connecting the
circuit to an external volume indicator,
so that the output level may be observed
remote from the amplifier, is also sup-
plied. The volume indicator on the
control cabinet is commonly employed
for this purpose.

Cases of both control and amplifier
cabinets are made of plywood covered
with fibre. Structural members have,
wherever possible, been made of dur-
alumin or aluminum to make the
cabinets as light as possible. The cab-
inets, weighing less than 60 pounds
apiece, are arranged in the form of suit-
cases and one man can carry both for
short distances. With this develop-
ment, completely portable speech-input
equipment is available which may be
carried by train or taxicab to the re-
quired location on short notice so that
programs may be broadcast with a mini-
mum of delay where there is no per-
manent speech-input equipment.

NO.2
PUT VACUUM

TRANSMITTER
NOT.Z

o

NO, 3

[+

REPEATING N OUTPUT
. coiL TRANSFORMER TUBE TRANSFORMER
TRANSMITTER CURRENT KEY E 3 g H
T i b=
= 3 i'*:-'ii—' - ] B! out
=1 Z"tL...p = = e
[t z SE ;
o 5 DR
II o J
-——-M-'Jm'.-"_—-t
r FIII}AMENT
N
TRANSMITTER RHEOSTAT K
CURRENT KEY " -albvoLTs 24 +45 VOLTS
5 £
E =" g j: l G "||||||| = NO,763
AT : E I Evereaoy
i _"_]__I_ = T= & BATTERIES
Rar=" 3 ZeEe il
%J =4 =
: g =
by ~
| i T on<"0oFF
— Iy NO. 714 w L=y
apefean : EVEREADY {1 FILAMENT
| jJ TRANSMITTER BATTERIES + B |CURRENT KeY
mmm| ¥ W :
Ul NT K + w
oW
[' -9 VOLTS LNH'I T
az
: T : g
Fi} - :..- %‘_ & METER KEY M2 (2 <Q
) r_/i’l =31 & ] e + o
¥ 1 § n = ]' = NO.KS-6547
]%:F é : T 8| k][5 GALVANOMETER
E 5 > |5 i
o g o 3 ] NO.KS-8548
|_l_ i 2 ell&Tl]es MILLIAMMETER
A ] z & 1 gv
[[+] [rransmirTer i e 3
A KEY 'é Z |

Fig. 3.

www americanradiohistorv com

Schematic for control circuit of speech-input equipment.


www.americanradiohistory.com

DECEMBER, 1931

The amplifier circuit lay-

TRANSMITTER
NO: {

NO.231-D INPUT NO.231-D
INPUT VACUUM  TRANS -
TRANSFORMER TUBE  FORMER TUBE

VACUUM TRANS-
Tul

INPUT  2=NO.231-D
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oUTPUT
FOAMER ToBEs. TRANSFORMER

out here shown is a three- - %
stage system, the output stage iyl 2 ﬁmt_& -
being connected push-pull. At S ] A A Tw-'
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ant engineers to insure posi- = B Tiagy Ry
tive performance. Fig. 4. Schematic diagram of amplifier circuit.
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SPECIAL CIRCUITS TO IMPROVE fection are now brought to the radio resentative of.the American Telephone

QUALITY OF MUSIC OVER RADIO
NETWORKS

HILE the average radio lis-

tener has probably not real-

ized it, there has been a

distinct improvement in the
tonal quality of programs being trans-
mitted by stations in the big nation-
wide broadcasting networks, radio engi-
neers and tone experts declare.

The reason for this improvement,
they explain, has been the recent instal-
lation of a new type oi cable for the
telephone lines linking the various sta-
tions on the main hookups connecting
most of the cities between New York
and Chicago. Further extensions of
the new type facilities to other points
are contemplated in accordance with
the requirements for them.

Heretofore practically all of the pro-
gram transmission service to cities in
the networks has heen furnished over
open wire telephone circuits. But for
some time increasing use has been made
of long-distance cables to provide the
necessary growth and to supplement the
open wire facilities.

Anticipating future improvements in
such broadcasting equipment as radio
transmitters, receivers and microphones,
it was thought that the ordinary tele-
phone cable would not be sufficient.
Consequently, to meet the more exact-
ing requirements the new tvpe of cable
with special broadcasting circuits was
developed by the Bell System engineers.

This new cable enables the radio cir-
cuit to carry a wider frequency or tone
range than has hitherto been possible
over the ordinary telephone circuit. It
permits a irequency range from 30 to
8,000 cycles instead of the ordinary tele-
phone wire range from 150 to 5.000.
Thus many of the lower and higher
notes which previously could not be re-
produced with any high degree of per-

listener almost perfectly, provided, of

course, that his receiving set is in good

working order. Today the piano’s low

C, at 32 cycles, should be heard as well

as squeaks and chirps above 5,000 cy-

cles, hitherto outside the range of radio.
A

I. R. E. 1932 CANDIDATES

THE Institute of Radio Engineers,
with headquarters in New York
City, announces as candidates for the
office of president for 1932, the names
of W. G. Cady, and L. E. Whittemore.
Dr. Cady is professor of physics at
Wesleyan  University, Middletown,
Conn. He is perhaps best known to
those in the radio field for his work
on the use of quartz crystals in the con-
trol and measurement of frequency.
Mr. Whittemore is special radio rep-

TECHNICAL DATA OF GREAT
VALUE

EGINNING iu the January,
1932, issue of Rapio ENGI-
NEERING, and continuing serially
for one year, or longer, will ap-
pear a chronological history of
the important events in elecirie
communication — telegraphy, tel-
ephony and radio. This historical
engineering data has been twelve
years in the making and will re-
cord accurately inventions, discov-
eries, development, statistics, with
dates and names, from the begin-
ning down to modern times.
There will be a large demand
for the issues of Rapio EncI-
NEERING for the year 1932. You
will do youwr mon-subscriber
friends a favor by telling them to
begin their subscriptions with the
January issue.

wWWW americanradiohistorv com

and Telegraph Company and has taken
a leading part in the legislative and
regulatory branch of radio, having rep-
resented the Bell system at practically
all of the important radio conferences
held both here and abroad.

The nominees for the vice-presidency
for 1932 are Professor E. V. Appleton
of Kings College, London, England, and
Dr. Balth van der Pol of the Phillips
f.amp Works in Eindhoven, Holland.

A
BOOK REVIEW
“ELECTRICITY, WHAT IT IS AND

HOW IT ACTS” VOL. 2, by An-

drew W. Kramer, 287 pp. Technical

Publishing Co., Chicago, 1931.

Here is a first rate book on the phy-
sics of radio and other forms of high-
frequency radiation, including X-rays,
light, photoelectric phenomena, etc.
Some works on elementary electricity
and magnetism have chapters on radio
and radiant energy but in most cases
the matter incorporated is quite elemen-
tary and not always quite up to date.
The present work is not lacking in this
respect: it is a thoroughly modern ex-
position of the mechanism of electric
wave propagation.

“RADIO AND ELECTRONIC DIC-
TIONARY,” by Harold P. Manly.
300 pp. Frederick 1. Drake & Co.,
Chicago, 1931.

Various attempts have been made to
turn out a useful dictionary of radio
terms, phrases, names, etc., but most of
the hooks published are either too bulky
for handy use or are so limited in the
number of terms defined that their in-
completeness renders them of little
value. Mr. Manly’s excellent book re-
flects prodigious research and careful
selection of the thousands of terms used
in evervday radio engineering, manu-
facture and operation. The book sells
for $2.30.
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Wireless

synchronization

By VerNE V.

HE ideal method of eliminating
rapid fading, fluttering, and guty y

be for the Federal Radio Commis-,
sion to operate or control a low-fre-
quency high-power station centrally, so
as to secure continental coverage, and
require all stations to use its carrier,
or harmonics of the modulation of such
a carrier as the basis of frequency con-
trol. The crystal control of the ordin-
ary station would be supplanted ‘with
frequency. multipliers, and its frequency
would then be under the control of the
Commission at all times. All stations
on the same channel would have iden-
tically the same frequency and ‘phase,
eliminating entirely the fading and dis-
tortion due to heterodyning. While this
method leaves cross talk as a form of
interference, it still is an -enormous im-
provement over the scramble of signals
that now result on every shared chan-
nel.

While the foregoing plan is ideal, it
is not probable that the Federal Radio
Commission will put such a plan into
effect. If it should consider the matter
seriously, the wheels of government
grind so slowly that it would be a long
time before any such plan were adopted.
Meanwhile, those stations which despatr
of ever having such a universal timing
wave put on the air may consider the
adoption of the following principles and
plans as an alternative. Discussion of
the difficulties and objections to the
method will be reserved until the last.

Assume a receiver tuned to a station
that is fully modulated. In the same
room have an oscillator capable of ex-
tremely fine frequency adjustment; as
with a micro-drive condenser. Start the
oscillator at a frequency difference of
500 cycles per second. Reception from
the station will now have the usual 500

tural distortion of signals would ™

GUNSOLLEY

cycle heterodyne note...Now slowly ad-
just the frequency to.agree with that of
the statigri—carrier. The note drops in
pitch.;EAs:‘the frequency difference con-
tinues to1€8sén, the heterodyning grad-
uilly apptroaches inaudibility, but con-
tinues to interfere as evidenced by a
fluttering of the signal accompanied by
excessive distortion and loss of intel-
ligibility. The next lower difference in
frequency iresults in rapid fading with
distortion ‘only during the fading. At
frequeticy ‘differénces of one-tenth cycle
per second;“the fading periods are of
five' seconds duration. The distortion
is especially 'hoticeable on receivers hav-
ing automatic volume control since the
distortiont. is amplified more than in the
case of manual-control recejvers. As
synchronism is finally attained, the fad-
ing stops, but whether the distortion
remains or is absent depends upon
whether the two carriers are additive;
in phase, or whether they are subtract-
ive; 180° out of phase. Between these
two extremes, all possible degrees of
distortion may exist; depending on the
phase displacement between the carriers
at the moment of synchronization.

As is well known, the station signal
consists of a carrier and two sidebands.
Since the oscillator neutralizes a por-
tion or all of the station carrier, but not
the side-frequencies, the carrier is re-
duced in effectiveness but the side-fre-
quencies remain unaltered. The result
is that during fading periods the small
net carrier is over-modulated, causing
the usual over-modulation distortion. If
at the instant synchronization is ac-
complished the oscillator carrier is in
opposite phase relation to the station
carrier, the net carrier amplitude re-
mains insufficient relative to the side-
bands, and the over-modulation and dis-
tortion remain permanent. If synchron-

A

A method of synchronization whereby the need of an
interconnecting land line is partially or wholly elimi-
nated. Means are described whereby it is possible to
control the frequency of a station wholly by the char-
acter of the resultant of the interfering waves of two
broadcasting stations sharing the same channel.
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ization occurs when the carriers are in
additive phase relationship, then the net
carrier amplitude is more than sufficient
to absorb the modulation from the side-
bands, and if the station originally had
any tendency toward over-modulation
the signal quality will be improved; for,
the net modulation factor is less than
unity.

It would appear that the conditions
necessary for distortionless synchroniza-
tion are: (1) A modulation factor of
slightly less than unity to allow for
failure to exactly synchronize the car-
riers in additive relationship. (2) Con-
stant maintenance near maximum addi-
tive relationship.

From the foregoing it is plain that if
two stations partially neutralize each
other’s carriers, the net carrier iave is
over-modulated unless the sidebands are
likewise lowered in amplitude by a re-
duction in the modulation factor.

It has been assumed that tke phase
angle is zero when the carriers are ex-
actly additive and in synchronism. The
detector circuit will have a plate cur-
rent due to the sum of the two carriers
and an ammeter placed therein would
indicate a maximum; let us say 100. If
now the oscillator is allowed to slowly
gain or lose frequency until it is 30°
out of phase, lagging or leading, and
synchronism then held, the meter will
indicate a value which is the vector
sum of the two carriers which, let us
estimate, is now only 86.

Thus we see that if the oscillator
changes frequency slowly so as to shift
the phase from 30° lagging to 30° lead-
ing, the ammeter will slowly vary its
indication from 86 to 100 and back to
86. If synchronization is not held at
this point, the indication will continue
to fall through minimum when the car-
riers are subtractive, and come back to
maximum again as the slow phase dis-
placement due to frequency difference
restores the additive condition. Thus
the meter indicates the beating of the
carriers due to tlieir alternative addi-
tive and substractive polarity; other-
wise known as inaudible heterodyning
and evidenced on the receiver as fading.

Since either increasing or decreasing
the oscillator frequency will decrease
the indication of the meter from maxi-
mum the operator will need to use ex-
perimental methods of determining
which way to move the oscillator con-
denser to maintain maximum indication.
This will have to be done by “hunting”;
by varying the condenser setting but
slightly either way in order to deter-
mine which way to move it to restore
maximum indication. This will require
a constant eye on the meter and prac-
tice on the part of the operator. It is
evident therefore that if automatic con-
trol is to be possible, some method must
be employed for detecting whether the
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loss of indication is due to a loss or
gain in phase; that is, whether it is
due to a slow loss or gain in frequency
on the part of the oscillator or the sta-
tion. If the stalion is crystal controlled,
for. purposes of discussion, we may con-
sider it as being of constant frequency.

As a proposed remedy for this situa-
tion, suppose that instead of the exact
additive relation the oscillator is syn-
chronized 30° out of phase and lagging.
The meter reading is then 86. If the
oscillator gains frequency the meter will
gain in indication. That is, if the os-
cillator gains, the meters gains, and a
gain on the part of the meter will be a
positive indication of a gain in fre-
quency. The operator may immediately
decrease the frequency of the oscillator
to restore the meter reading to 86. This
at once suggests a means of obtaining
automatic stability.

If the meter movement is made rug-
ged enough to drive a condenser ver-
nier, and this vernier is so related to
the condenser and meter movement that
a gain in the indication increases the
capacity, the frequency will be lowered
and the indication lowered thereby re-
storing the normal indication corre-
sponding to 30° lag in the oscillator
carrier behind the station carrier. If
the oscillator loses frequency, the lag
will increase, the meter will lose indica-
tion, the vernier will reduce the capac-
ity and restore the frequency to normal.

If the station carrier should increase
in intensity the meter indication must
likewise increase exactly as for an in-
crease in frequency on the part of the
oscillator, resulting in the same series
of events as before, but the final phase
displacement is now more than 30° be-
hind the station carrier. Thus such a
system is also an automatic volume con-
trol within reasonable limits and will
have some control over atmospheric
fading. If the atmospheric fading is so
bad as to cause maximum additive re-
lationship then the device becomes un-
stable and inoperative, merely hunting
until the signal of the station returns,
whereupon it takes up control of the
oscillator once more.

Due to the nature of the sine function,
considerable phase displacement is al-
lowable before seriously reducing the
amplitude of the resultant or net car-
rier. It is not necessary therefore to
seriously reduce the modulation to ac-
commodate the slight reduction in the
net carrier when a station using nor-
mally full modulation replaces the
oscillator we have been using as a
demonstration. If either station nor-
mally uses less than full modulation
anyway, there is no need to consider
this phase of the problem critically.
The meter can then be worked at con-
siderably less than maximum indication,
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Fig. 1. Representation of two stations sharing the same channel. In this diagram
of a hypothetical broadcast area is shown the interference region due to the overlapping

of two station carriers sharing the same frequency. In the graphs 1 to 4

the side

frequencies are omitted, leaving only the unmodulated carrier. It is assumed that the
stations are in exact isochronism and that only the phase angle between carriers is

adjustable feom graph to graph.

No. 1. Station carrier Iv is isochronous with and lagging station carrier I, by 180°.
The carrier waves are in direct opposition and subtractive, The meter in the receiving
circuit indicates the resultant of the two carriers which is Ic. This net carrier amplitude
is seen to be much smaller than either I, or In. It is greatly over-modulated therefore
by the side frequencies, which, not being in isochronism, are undiminished in amplitude.

The result is great distortion.

No. 2. Station carrier In is now at zero phase angle with station carrier Ja. The
carrier waves are in synchronism and the net carrier amplitude Ic is equal to the sum
of the carrier amplitudes In and Ib. Since there is sufficient carrier amplitude to accom-
modate both sets of side frequencies, there is no over-modulation and no distortion,

No. 3. Station carrier In is now made to lag carrier I, by 30°. The net carrier Ic

is now only slightly less than in No. 2; about 86 per cent. of the sum of the carriers.
If both stations are modulated 100 per cent., slight over-modulation and distortion will
result, If one or both of the stations are using less than full modulation, no distortion
will result, since the net carrier amplitude is still large enough to absorb the combined
amplitudes of both sets of side frequencies.

No. 4. Station carrier In is now made to lead the other by a phase angle of 30°.
It is at once evident that the net carrier amplitude Ic is the same as in No. 3, which

means that all the other conditions regarding distortion are the same.

By shifting the phase angle between the carriers, the net carrier amplitude may be
made any value between the minimum in No. 1 and the maximum in No. 2. Since No. 1
corresponds to maximum fadeout and distortion, it is desirable to keep to the conditions

in No. 2 as nearly as possible.

making for much easier and less critical
control.

As is well known, the frequency of a
crystal circuit may be shifted consider-
ably by adjusting the plate circuit con-
denser in the first tuned stage. There-
fore if we put a microdrive on this
condenser, and actuate it with the rug-
ged meter movement, it will be possible
to hold the frequency of the station to
synchronism with the interfering sta-
tion, provided the interfering station is
also crystal controlled and its crystal
ground to and adjusted for the same
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frequency to within a very few cycles.

When we come to the problem of ob-
taining a sample of the signal in the
interference area, we find that we must
consider first some means of transmit-
ting a sample to the station to be con-
trolled. This is possible by means of:
(1) Land lines; (2) Carrier current
over power lines; and (3) Short-wave
transmission. The choice of transmis-
sion methods depends upon all the fac-
tors entering into each individual prob-
lem. For the sake of illustration the
simplest method will be chosen, which
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is that of land line transmission. None
of these methods require interconnec-
tion with the other station.

As shown by the illustration accom-
panying this article, a receiver is set up
as near as possible to the station to be
controlled and yet as far out in the in-
terference area as it is desired to pro-
tect the program. The receiver is so
located that imaginary lines joining it
with the stations are at a sufficient
angle to permit its directive loop to
select either station at will or to ob-
tain the desired ratio of reception from
the two stations. The output of the de-
tector is fed to the land line shown and
transmission to the local station com-
pleted. At the station the line is con-
nected to the indicator which as before
explained takes up control of the fre-
quency.

Reference to the illustrations and
their accompanying explanations will
give a clearer idea of the operation of
the system.

In the opinion of an expert, there are
four chief objections to this method of
synchronization. They will be treated
in order.

(1). “There is no likelihood of the
Federal Radio Commission operating a
radio monitor station. The Bureau of
Standards operates the station at Grand
Island, Nebraska, and now transmits
signals of standard frequency on 5,000
and 10,000 kc. These might be useful
in monitoring broadcast stations.”

It really makes no difference what
branch of the government service oper-
ates a station broadcasting a universal
timing wave. It would still be under
the supervision of the Federal Radio
Commission. Such transmissions as are
now issuing from Grand Island are use-
less because they do not give national
coverage, nor are they of a frequency
that is useful to all stations. Such a
system as proposed would need a very
low frequency of very high power in
order to secure continental coverage
for the United States and at the same
time through international courtesy be
available for Mexican and Canadian
stations if they desired to avail them-
selves of greater freedom from U. S.
interference for their listeners. Fur-
thermore it must be modulated at a fre-
quency that will permit any station in
the broadcast band to find a harmonic
suitable for its use. Such systems have
already been worked out and are in
laboratory use. How long it takes the
forces of government to get into action
towards the solution of the present
broadcasting dilemma will depend some-
what on just how many progressive
stations there are in the country with
sufficient energy to stir the government
into action. Until such a time as action
is taken, if ever, the alternative explain-

ed in this article offers some hope of
solution.

(2). “It is too much to expect that
two stations maintaining carrier waves
in exact time phase would remain in
phase in space. Transmitting antennas
sending out identical frequencies still
have space relations which cause points
of minimum and maximum intensity
when the true waves are intercepted by
a receiving system.”

Herein lies the great advantage of
this system over others. It does not
maintain the stations in exact phase re-
lation but maintains only the controlled
station in phase with whatever signal
arrives no matter how much out of
phase with its sending station it may
be in space. Thus we may expect that
the actual phase relation between the
stations themselves may shift very much
if there is any great variation in the
space phase relationship issuing from
the distant station. It must be realized
that any shift in phase at the receiver
corresponds to a‘'momentary slight shift
in frequency for the duration of the
phase shifting. Even though the send-
ing station has not shifted phase, its sky
wave has, and since the receiver works
only on the actual wave in the inter-
ference area, the controlled station will
shift frequency accordingly to keep the
phase displacement 30° at all times. If
the interference area is extremely large,
as between Chicago and San Francisco
stations, then it cannot be hoped that
the shift in space phase will be homo-
geneous throughout the interference
area. In this case the phase can be
maintained only for that area surround-
ing the receiver which remains homo-
geneous. Since this area varies with
reception conditions; steadiness of the
KHL, there is no way of determining
just what that area will be.

John V. L. Hogan, before the Radio
Commission, testified that a 500-watt
station on the west coast would reduce
the service radius of a 5,000-watt sta-
tion in Chicago from about 100 miles
to 20 miles, while if the coast station is
increased to 5,000 watts the radius 1s
reduced to 15 miles.! The writer knows
of an actual case where a 10,000-watt
station on the east coast reduces the
service area of a Minneapolis station also
of 10,000 watts to a radius of about 10
miles. When the coastal station starts
up it is frequently impossible to under-
stand either words or music from the
Minnesota station at a radius of 12
miles. The telephone switchboard of
this station is blocked for two hours or
more at a time with complaints from
an area some 18 miles in radius con-
taining a little over a million people.
All day long the operator is taking com-

Y“Radio Facts and Principles.””
Printing OFice.

Government
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plaints that have hung over from the
night before. This interference is not
from cross talk, but from the rapid fad-
ing and distortion that results from the
beating of the carriers at frequencies
varying from zero to 10 cycles per
second. When cross talk is intelligible
it is very faint, showing that the main
cause of interference is due to the rela-
tively much larger power in the carrier
than in the sidebands, and that if the
stations were phased, the cross talk
would be a very minor objection.

Now all we ask of such a system
therefore it that it extend the service
range of the station until it will cover
the local audience. By local audience
is meant a body some 100 miles in dia-
meter. Beyond that area it would be
nice if we could give service, but it is
not essential to the life of the commer-
cial contract and may be sacrificed. It
is only necessary therefore that the
phase shift of the interfering station be
homogeneous throughout an area about
100 miles in diameter. If it is less than
this, there is still an enormous improve-
ment in service over an extremely wide
area, because there is always a large
area, or a number of smaller areas in
which the phase shift is similar, and
thus in which the reception remains un-
distorted.

Now it is well not to overlook the
fact that though there will be some
fading in other areas, it will not be com-
plete since the interfering station signal
is not as strong as the local station.
Furthermore it will not be a minimum
excepf at one point or at points separ-
ated by the wavelength of the beat fre-
quency. [T the stations drop their mod-
ulation to about three-fourths full mod-
ulation the signal may fade enormously
without causing distortion. This means
that fading due to phase shifting, and
which is comparatively a very slow at-
mospheric occurrence usually, can be
overcome by the listener by using his
volume control if he must hear the pro-
gram at all costs, and if he happens to
have a receiver with an automatic vol-
ume control, his troubles are over, and
he rapidly returns to the status of a
“satisfied customer.”

In concluding the answer to this ob-
jection. it is well to keep in mind that
whether the phase shifts or not, the
waves are always in synchronism. This
eliminates the havoc that is raised by
the beating of powerful carriers. Since
even with full modulation, only one-
third of the power is in the sidebands,
cross-talk is a very minor offense com-
pared with heterodyning. Even inareas
where the interfering cross-talk is loud-
er than the program from the local sta-
tion the two programs can be separated
by the ear most of the time. However
when the carriers start beating, all in-
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telligibility is lost, and switchboards
become useless for their ordinary pur-
pose.

(3). “The factor of fading also must
not be lost sight of. Adjustments made
by means of an indicating instrument,
between a fading and a non-fading sig-
nal would be precarious.”

It has been pointed out previously
how the device operates as an auto-
matic volume control. If the fading ex-
tremes are too great or the percentages
of modulation employed so high that
considerable phase displacement over
30° is not permissible, then it will be
necessary to install two loop receivers
in the interference area, one of which
has an automatic volume control. The
auto-receiver is tuned to the interfering
wave, while the other is tuned to the
local station. The outputs of these two
receivers are then coupled together and
fed to the indicating instrument through
the transmission line as usual.

It is well to note here that the land
line transmits no radio frequency. It
is made to transmit only the slow pulses
that result from beating or through
phase shifting. None of the troubles
due to high-frequency transmission in
other systems will he encountered, and
this means that extremely long land
lines may he used without appreciable
distortion.

(4) “Plate circuit condenser control
of frequency has its troubles. Ratio of
capacity to inductance in the plate cir-
cuit of a piezo-electric oscillator affects
the power output of the oscillator. With
piezo master oscillator anv change in
the plate circuit condenser would alter
the power output. This, multiplied by
succeeding amplifiers might play havoc
with the transmitter output.”

The correction required is on the
order of 10 cycles for two cryvstal con-
trolled transmitters of modern design.
In the experiments with the oscillator a
Hartley circuit was used. A dynatron
oscillator would have much greater sta-
bility and require less range of adjust-
ment. TIf such an oscillator can he held
to a broadcast station, then it is also
possible to control a transmitter in the
same way. Tf the crystal controlled
circuit may not be used it may be
switched out of operation and a dyna-
tron master oscillator used during in-
terference periods. Tt is certain that
this objection is not serious, as it is
the most easily solved of all the prob-
lems involved.

(5) “With reference to using short
waves for transmission and monitoring,
the distances involved are too great for
very high frequencies—above 30,000 kc.,
and the other channels are already
crowded.”

Short waves are mentioned merely as
a possibility, however small. The dis-
tances to be covered vary from five to
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Fig. 2. Schematic diagram of operation. Let A be the station whose frequency is
to be controlled. B is the interfering station. As soon as reception conditions become
favorable, In becomes strong enough o cause rapid fading, fluttering, or audible hetero-
dyning as the case may be. The superheterodi\;nc. which is located in the interference area
at such an angle as to permit separation of the stations to a reasonable degree, is turned
on, and the loop is adjusted at an angle that will permit the desired ratio of reception
from A and B. A crystal filter is placed before the second detector to ecliminate the
sidebands as much as possible. All the desired amplification is obtained in the radio-
frequency amplifiers as the detector output which will be the envelope of I. will be of
such low frequency as to prevent effective amplification. The telephone line has to
transmit only a direct current of an amplitude, depending on the frequency difference and
the phase difference of In and Ib; frequency difference while heterodyning but only phase
difference when in isochronism. This direct current which is the envelope of I causes the
indicator to operate as an ordinary meter, which further drives a mechanical filter to
further reduce sidebands and static, and which filter at the same time acts as a reduction
gear to the rotor plate of the variable condenser. The stator plates are in the plate circuit
of the crystal oscillator so that motion of the rotor will either increase or decrease the

station A frequency slightly.

Assume that heterodyning has been stopped and that the conditions in No, 4 graph

obtain.
maximum, say.

Then A is lagging behind B by 30° and the indicator points to 86 per cent. of
Any tendency for A to gain frequency or for B to lose frequency will
cause the phase displacement to lessen and Ic therefore to increase,

‘This in turn causes

the indicator to move the rotor plate closer to the stator, thereby offsetting the tendency
of the frequency to increase, or, to lower the frequency to meet the drop in frequency on

the part of

Had the frequency tended to decrease, or had B increased in frequency, then the
phase displacement would have increased and Ic would have become smaller, causing the
indicator to show less, thereby moving the rotor away from the stator and offsetting the
tendency to lose frequency and restoring synchronism.

fifty miles depending on the extent of
coverage desired. Carrier current sys-
tems on power lines have heen used
successfully over 200 miles. If the sta-
tion happens to be connected to the
same network, it is a simple matter to
install carrier apparatus by arrange-
ment with the power company. For the
most part, land lines will be the more
available plan. Telephone facilities may
be engaged for the period of interfer-
ence daily or a special line may he huilt,
depending on the inclination of the com-
pany.

There is one objection that might
arise which apparently has heen over-
looked. Tt is principally the fact that it
is applicable to only two stations at a
time on a channel. Tt is believed that
the proper solution to this problem
which certainly would exist on the
channel of 1,200 kc., is to assign one
station much larger carrier power, but
limit its modulation so that its side-

www americanradiohictorvy com

bands are not increased; thereby in-
creasing its carrier power without in-
creasing its signal strength. All other
stations on this channel that are near
enough to obtain steady reception from
the high power carrier could use it to
tie to, in the ordinary manner as de-
scribed. Naturally this. station would
have to he subsidized by the other sta-
tions to pay it for operating on the in-
creased power, which it does without
additional advantage to itself.

As to the troubles that may arise in
the operation of the system i any man-
ner, the writer has no doubt there
would he plenty. We have troubles with
automobiles, radio receivers, locomo-
tives, airplanes, electric lights and flat
irons, but they do not prevent us from
using the devices. With all their troubles
they are still much better than nothing.
and the congestion of the hroadcast band
is now at a point where almost any kind
of a change will he an improvement.
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. R. E. November meeting

at Rochester

HE Fall meeting of the Institute

of Radio Engineers held at Roch-

ester, N. Y., on November 9 and

10, was largely attended by engi-
neers and manufacturers. Manufac-
turers of radio receiver parts and ac-
cessories had on display a wide variety
of the latest products of the shops and
factories. This year, exhibitors’ engi-
neers were given opportunity to address
the meetings for the purpose of de-
scribing their products. The invitation
was taken advantage of by most of the
forty exhibitors.

A list of the parts manufacturers who
exhibited at the show follows:

Aerovox Wireless Corporation
Allegheny Steel Company
Allen-Bradley Company
Bastian Brothers

Cable Radio Tube Corporation
Carter Radio Company

Central Radio Corporation
Central Radio Laboratories
Chicago Telephone Supply Company
Continental Carbon Company
Cornell Electric Mfg. Company
Electrad, Incorporated

Erie Resistor Corporation
General Electric Company
General Industries Company
General Radio Company
Hammarlund Mfg. Company
Hardwick, Hindle, Incorporated
Hygrade Sylvania Corporation

THE DESIGN AND DEVELOPMENT
OF THE HIGH-POWER OSCILLA-
TOR OR AMPLIFIER TUBE UV-862

(Concluded from page 22)

ommended grid-leak resistance the d-c.
grid current must not be greater than
1.0 ampere. The exact value for best
adjustment will vary with individual
tubes and circuits.

Existing Installations

Although antenna outputs of as much
as 400 kilowatts have been obtained
from a class C amplifier suitable for
radio telegraph service, using four UV-
862 tubes in a push-pull circuit, the
most common application at present is
in the RCA-50 kilowatt broadcast trans-
mitter. These transmitters use two UV-
862 tubes in a push-pull class B ampli-
fier to generate peak antenna output of
200 kilowatts at modulation factor equal
to 1.0. The UV-862 stage of a typical
RCA transmitter is shown in Fig. 7.

International Resistance Company
Isolantite, Incorporated

Jewell Electrical Instrument Company
McGraw-Hill Publishing Company
Ohio Carbon Company

Polymet Mfg. Company

Precise Products, Incorporated

Radio Condenser Corporation

Radio Engineering

RCA Radiotron Company, Inc.

RCA Victor Company, Inc.

Sangamo Electric Company

Scovill Mfg. Company

Stackpole Carbon Company
Stromberg-Carlson Telephone Mfg. Co.
U. S. Magnetic Products Corporation
Utah Radio Products Company

Ward Leonard Electric Company
Weston Electrical Instrument Corp.
Yaxley Mfg. Company

Among the technical papers presented
at the four technical sessions the fol-
lowing were read from prepared
material :

“Battery Design Problems of the
Air-Cell Receiver,” by F. T. Bowditch,
radio engineer, National Carbon Com-
pany.

“European Reception Conditions,” by
W. A. MacDonald, chief engineer, Haz-
eltine Service Corporation.

“Pentode Circuit Operation,” by
David Grimes, engineer in charge,
RCA licensee laboratory.

A A A

There are at present nine broadcast in-
stallations of this type in the United
States and one in Italy using Radiotron
UV-862 in the last stage of amplifica-
tion. Other installations are proposed
or in process of construction.

It is interesting to prophesy regard-
ing the further expansion of the high
powered transmitter field. Will the
trend be toward a multiplicity of low-
power transmitters or toward a small
number of super-power stations? Per-
haps Radiotron UV-862 will be one of
the smaller transmitting tubes in use
ten years hence.

CROSLEY RADIO CORPORATION

For six months ended September 30
reports net loss of $60,952 after ex-
penses, taxes and depreciation, etc.,
against net loss of $323,479 for the six
months ended September 30, 1930. For
the quarter ended September 30 net
profit was $84,005 after above charges,
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“Mica Capacitors in High Frequency
Circuits,” by I. G. Maloff, development
engineer, RCA-Victor Company.

“Magnetic Cores for High Frequen-
cies,” by W. J. Polydoroff, director of
research, Johnson Laboratories.

“Experimental Visual Broadcasting,”
by A. B. Chamberlain, chief engineer,
Columbia Broadcasting System.

.“Advances in Ultra Short-Wave
Transmission and Reception,” by Edu-
ard Karplus, research engineer, General
Radio Company.

“Correlation of Radio Tube and Re-
ceiver Designs,” by R. M. Wise, chief
engineer, Sylvania Division, Hygrade-
Sylvania Corporation.

“Recent Developments in Amplifica-
tion and Detection Systems,” by P, O.
Farnham, development engineer, Radio
Frequency Laboratories.

“Use of Suppressor Grids in Radio
Tubes,” by E. W. Ritter, development
engineer, RCA Radiotron Company.

“An Examination of Selectivity,” by
R. H. Langley, consulting engineer.

The technical sessions were presided
over by R. H. Manson, president, and
by C. P. Edwards, vice-president of the
Institute. The engineering exhibit ses-
sions were presided over by L. C. F.
Horle.

The general committee in charge of
the meet was made up of :

Executive, Chairman, Virgil M. Gra-
ham; Vice-Chairman, Howard Brown;
Secretary-Treasurer, H. J. Klumb. Pub-
licity, R. A. Hackbusch. Finance, H. J.
Klumb. Transportation, M. A. Wood.
Electrical, A. E. Soderholm. Program,
H. E. Gordon. Entertainment, E. C.
Karker. Exhibits, Howard Brown.
Trips, A. L. Schoen. Hotels and Reg-
istration, O. L. Angevine.

equivalent to 15 cents a share on $540,-
800 no-par shares of common. This
compares with net loss of $144,957 in
the preceding quarter and net loss of
$223,409 in the September quarter of
last year.

A
IMPROVEMENTS RELATING TO
SEALING-IN BODIES FOR
YACUUM TUBES

HE sealing-in body consists of a

hollow metal tube (adapted to be
surrounded by the glass envelope of the
vacuum tube), made from a material
which has substantially the same co-
efficient of expansion as glass and is
formed by a metal chemically or elec-
trochemically applied to a core. The
sealing-in member is closed at one end
by a closing member of special form
made from molybdenum or nickel——
N. V. Philips Gloeilampenfabrieken,
British Patent 354,620. Issued: August
13, 1931.
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Difficulties of the small
sroadcast stations and
how to effect remedies

By Rarepr C. PoweELL*

NE of the most important de-
velopments taking place in
radio broadcasting at the pres-
ent time is the increasing use

of the low-power station by both the
local and national advertiser.

The national networks have in the
past been responsible for the general
growth of radio advertising since
through their organization and re-
sources they have been able to provide
programs and continuity which attracted
a large portion of the radio audience
and as a consequence produced desired
results for the advertiser. The demand
for network facilities during the past
two years has been so large that adver-
tisers are finding it difficult to obtain
desirable time for their programs. As
a result the advertisers are looking to
the independent commercial stations
which in numbers constitute over 50
per cent of the broadcasting facilities
of the country. It is believed by many
persons that by means of electrical
transcriptions the advertiser may con-
trol the quality of his program and by
the use of a large number of local sta-
tions obtain more coverage at a better
price than through the use of the chains.

Unfortunately, however, there are cer-
tain drawbacks which make the adver-
tiser hesitate to use these stations. One
objection is that many stations use in-
efficient or obsolete equipment which
prevents them from obtaining the cover-
age which should normally be expected.
Advertisers are told that a number of
these stations do not comply with federal
regulations and that their licenses are
frequently in jeopardy on this account.
Financial instability and a consequent
lack of organization is a common con-
dition. With no money available for
programs many of these stations have
been unable to build up a listening
audience.

The small broadcaster has had to en-
dure many hardships. In the first place
the programs and technique of the na-
tional networks improved so rapidly that
the small station has been unable to
compete on even terms. Because of
the unfavorable comparison in programs

*President, R, C. Powell & Co., Inc., Ncw
York City.

it has been difficult for the low-power
broadcaster to convince the local busi-
ness organizations that his station has a
satisfactory audience. Although the
high-power chain station 50 or 100
miles away is not competing for the
business of the small station it is never-
theless detracting from its means of
doing business.

Sale of "Time"

In its struggle for existence the small
station has been thrust into further difhi-
culties. Take for example the activities
of groups of high-pressure salesmen
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who travel from station to station with
glowing offers to ‘“make” the station
overnight. With or without the con-
sent of the station owner they canvassed
the towns, selling the merchants all the
time they wanted for anything they were
willing to pay: anything to get a check
and of course, their percentage. At the
end of the week some were considerate
enough to divide the proceeds with the
station owner. Following the departure
of these solicitors the station owner,
examining his contracts discovers that
in some cases his time on the air has
been sold out for several months at two
or three dollars an hour, leaving him in
the embarrassing position of operating
at a loss or repudiating what apparently
were bona fide contracts.

A further and unavoidable obstacle
has been the development in technical
equipment. The Federal Radio Com-
mission being charged with the respons-
ibility of providing the best possible
public service in the overcrowded broad-
cast bands had no alternative but to
insist that any new development that
would help the situation be applied to
sending stations at the earliest practical
moment. The use of automnatic fre-
quency control and high modulation

Fig. 1,
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100-150 watt broadcast transmitter.
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efficiency were readily accepted at the
large stations having a going business,
but the small station found improve-
ments of this nature only an added bur-
den of expense. Some delayed too long
and were either deprived of their li-
censes or forced to defend their opera-
tion at great expense, before the com-
mission.

The small station has a definite value
in broadcasting. The trend is now in
favor of these units and it is to be
hoped that within a short time their
operation will become generally sound
and profitable. The well equipped sta-
tions operating economically and effi-
ciently will be the first to receive the
benefit of the new business which is
now before them.

The erection of low-power stations
is essentially the field for the smaller
manufacturer, who should understand
the problems, recognize the limitations
of present income and be able to plan
expenditures wisely. It is of paramount
importance that these small stations
comply with federal regulations regard-
ing frequency stability, modulation effi-
ciency and power output. The manu-
facturer should comply with these regu-
lations as a matter of course. He should
go further than this, however.

Too many stations are using trans-
mitters with power ratings from four to
ten times their allotted power. Their
maintenance and power costs are all
out of proportion. Some have been in-
duced to spend on antenna towers and
buildings an amount exceeding their
gross annual income. Granting that the
high-power stations find it worth while
to spend thousands of dollars to increase

CHOOSING A SCREEN GRID TUBE
(Concluded from page 16)

form in Fig. 4-D. It will be noticed
that in order to realize any appreciable
gain from such a system the value of
series resistance R. should be as small
as possible. This condition is realizable
when the values of R” and R, are made
comparatively small. However, the
value of R’ cannot be reduced too much
or it will materially affect the load. No
lower limitation is imposed upon the
value of R, however. In the screen-grid
tube term (R’/R’ 4 R,) is numerical-
ly equal to about 0.1. This is a definite
limitation of such a device since the
voltage amplification obtainable from it
is limited to 0.1 X MU. Consequently
with a given value of R’, the optimum
value of which is dependent upon the
load into which its works the only
means of obtaining more gain would be
to reduce the value of R, or increase u.

Since, except for comparatively small

Fig. 2.

A 100 watt broadcast transmitter. These
panels may form sections of a 500, 1,000 to 5,000

watt unit.

A A A
TABLE |
Make
of R’
Tube - —
(224s)MU Ry(a.c.) Ip(ma) Sm R’(d.c.)u\Rp + R"

A 530 625,000 3.95 850 45,000 36
B 475 450,000 4.20 935 43,000 42
C 575 600,000 3.30 960 54,000 47
D 485 450,000 4.20 1080 43,000 42.3

changes, the value of R, is definitely

determined by R’, the only means of in-
creasing the gain would be to increase
u. This offers no theoretical difficulties.
It is in respect to this particular point
that most tubes vary. For in spite of
the fact that the value of Sm may be
quite uniform the value of u and R,
vary considerably. Which accounts for
the wide variations in realizable gain.
A
CATHODES FOR ELECTRON
DISCHARGE DEVICES
VESSEL of vitrified inert material
of high melting point such as
chromium oxide is provided with an
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their efficiency a few per cent, such
expenditures have little or no value to
the small station. The management
must judge the probable return from
operation and stay within the income,
obtaining the largest satisfactory serv-
ice area per dollar of investment and
running expense. The transmitters il-
lustrated in the photographs accompany-
ing this article are designed to provide
the small station owner with suitable
equipment which, while meeting all fed-
eral requirements, and consist only of
essentials necessary for satisfactory op-
eration.

In design consideration is given not
only to the initial cost but also to the
conservative use of tubes and other
parts which require periodical replace-
ment, constituting upkeep expense. In
so far as possible all wiring and acces-
sories to the installation are constructed
at the factory before shipment to reduce
the time and expense required for in-
stallation. At the time of installation
final tests were made of the frequency
stability, modulation efficiency overall
frequency response, harmonic content
at peak modulation, antenna resistance
and efficiency of power conversion.
These tests requiring the use of hun-
dreds of dollars worth of test equipment
are charged only at the time rates of
the engineers engaged in the work.
When the work is completed the station
owner is assured of having an efficient
and reliable plant, an investment upon
which he can earn a satisfactory return
and the opportunity to devote his time
to the production of programs and the
sale of advertising upon which his suc-
cess will depend.

inner lining of thermionically active
material such as oxides of barium,
strontium and calcium; cathode ma-
terial such as platinum-nickel alloy is
placed in the vessel; and the vessel and
its contents are heated sufficiently to
cause the reactive lining to combine
with the melt to produce a thermioni-
cally active product. This is formed
into cathodes. H. T. Reeve (As-
signed to Western Electric Company)
United States Patent 1,809,067. Appl.
October 7, 1924 and June 9, 1928. Is-
sued: June 9, 1931.

A
THE RADIAN

A radian is an arc of a length equal

to the radius r. There are
2qr
=2 7=6.283 radians to a cir-
r circumferance, or
360°
a radian = = 57.3°, nearly.
6.283
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Crid controlled
vapor rectifiers

Dr. PauL G. WEILLER

O

The future will see many

useful applications of hot

cathode rectifier tubes. This technical article presents
a review of the present state of development of recti-

fier tubes.

N a previous article the writer pre-

dicted that while the high vacuum

tube had opened the field of oscil-

latory currents for all cases where
high voltages and relatively low cur-
rents could be used and where efficiency
was not of paramount importance, the
vapor tubes would be able to handle
large powers at ordinary commercial
voltages with good efficiency.

This prediction bids fair to come
true in the near future. Thyratrons arve
being experimented with for intercon-
nection of power systems. : Such a con-
necting link consists of a rectifier unit,
its d-c. output being fed to an oscilla-
tor or, as it is usually called, “inverter.”

The advantage of such a system lies
largely in the fact that, while one sys-
tem can freely take power from the
other, transients or surges created in
one system by some fault are not trans-
mitted to the other. It is also possible
to interconnect by such links d-c. and
a-c. systems or systems with different
frequencies. The development of prac-
tical uses for gas tubes must, however,
he slow because of their complex char-
acteristics.

The function of a vacuum tube of the
threc-element type follows relatively
simple laws.

Variations from theoretically predict-
ed behavior are caused by such phe-
nomena as secondary emission, contact
potentials of various kinds, changes in
the work function of the filament mate-
rial caused by surface changes and in-
fluence of carbon or other coatings on
the plate. Even X-rays generated on
the plate, and electrons generated by
the photoelectric effect of the light
emitted by the filament have been
blamed for some of the deviations from
normal.

While this is a formidable array of
possible disturbing cffects, their aggre-
gate influence in a well-made receiving
tube is unimportant in practice. In

T

large transmitting tubes these effects
are more troublesome and have caused
tube manufacturers considerable worry.

In gas tubes, however, secondary ef-
fects assume important dimensions. In
many cases they are detrimental and
cause what is often complained of as
the erratic behavior of gas tubes. In
other cases these effects are useful, as
in some types of gas tube oscillators.

As the cold cathode tubes are of lim-
ited technical importance because of
their high voltage drop, small current
carrying capacity and erratic perform-
ance we shall deal here only with hot
cathode tubes. A compilation of the
most important characteristics of hot
cathode vapor tubes should prove of in-
terest. The reader should remember
that the subject is comparatively new
and extremely complex and that the
amount of work done so far in this
field has been rather limited. Hence,
anything said here should be taken as
a survey of a field which is just being
scratched. It can Dbe neither complete
nor detailed.

The plain hot cathode vapor recti-
fier in itself exhibits complex phe-
nomena; considerably augmented when
a grid is added. So long as the positive
peak voltage on the plate is below the
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ignition voltage the rectifier behaves
substantially like a high vacuum tube.

When the positive peak voltage on
the plate is raised to the “ignition”
voltage the discharge forms and the
voltage across the tube falls instanta-
neously to the operating voltage. As
the tube heats up this drop gradually
decreases until a temperature balance is
established. The influence of the load
on the drop is slight until the limit of
the filament emission is reached, when
the drop increases rapidly.

If the filament has a definite emis-
sion limit; or, in more scientific lan-
guage, if the filament shows a definite
saturation point, the drop will increase
suddenly when saturation is reached.
If R is the load resistance, Im the sat-
uration current at a given filament tem-
perature and E the voltage of the power
source, the voltage across the tube will
always be e = E —RIm. This prop-
erty of rectifiers may become very valu-
able for measuring or control purposes.
From no load to maximum permissible
load the characteristic is partly falling,
partly rising.

Because of the temperature effect of
heavy plate currents on the filament
the shape of this curve may be duc in
part or wholly to temperature changes
in the filament due to changes in plate
current. This relation is also quite com-
plex.

The plate current must of course pass
through the filament material and
cause some heating. This heating ef-
fect is, however, not uniformly distrib-
uted over the entire filament as the full
space-current does not flow through all
cross-sections of the filament.

The energy absorption caused by the
work function causes a cooling of the
filament. This effect is quite noticeable
in large tubes. Positive ion bombard-
ment, if it assumes noticeable propor-
tions, would cause heating of the fila-
ment.

Filament Temperature

A study of temperature conditions of
the filament by the usual optical pyro-
meter method is not feasible because of
the luminescence surrounding the fla-

y FIG.2
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ment at high cufrent densities. The op-
erating drop in the tube, as well as the
ignition voltage, are dependent greatly
on the vapor pressure and temperature.
The magnetic field of the filament cur-
rent has also some effect on the drop.
Static charges on the glass walls also
have an effect.

The ignition voltage depends very
greatly upon the spacing of the elec-
trodes. The tube sketched in Fig. 1,
for instance, has an ignition voltage of
35 volts and an operating drop of 12
volts. The size of the bulb is that of a
50-watt tube.

For practical purposes it can be as-
sumed that the operating drop from
tubes of this type can be made between
3 and 15 volts.

Anothier important characteristic of
the rectifier is the inverse breakdown
voltage. In rectifiers commercially
manufactured at present the maximum
attained seems to be about 30,000 volts.
It is, however, probable that considera-
bly higher figures can be attained by
specially designed tubes.

To obtain high voltage it is neces-
sary to provide for good heat dissipa-
tion, as the inverse breakdown voltage
is very greatly dependent on vapor tem-
perature and pressure. When a grid is
added to a rectifier other complexities
are introduced. The control action of
the grid is based on the same principle
as in high vacuum tubes. If the grid
has wide meshes it is only effective be-
fore the glow discharge is formed.

As we have seen, the tube then be-
haves like an ordinary vacuum tube;
until the discharge forms. If the nega-
tive bias on the grid is sufficient to cut
off the plate current entirely, the glow
discharge cannot form. As soon as
either the grid bias drops below the
cutoff voltage or the plate voltage in-
creases sufficiently a space current will
flow, the gas will ionize, and the glow
discharge will be started. As soon as
this is the case the grid loses its con-
trol.

1f the plate voltage is an a-c. volt-
age, no current will pass at the begin-
ning of each cycle until the plate volt-
age has reached the ignition voltage de-
termined by the grid bias. Then the
discharge will form and the current will
pass until the plate voltage has again
dropped below the operating voltage,
when the discharge is extinguished.

It is clear, therefore, that up to one-
half of cach half cycle can be eliminated
by a d-c. grid bias. If the grid bias is
also an a-c. voltage in suitable phase
relation to the plate voltage, regulation
can be accomplished from full current
to zero. The grid controlled rectifier is
of course still subject to the effects of
vapor pressure temperature and charges
on the glass walls and the magnetic
field.

There is a small amount of grid cur-
rent at negative grid potential and a
more substantial amount at positive
grid potential. This part is important
because grid controlled rectifiers with
large spacing and amplification factors
of one thousand or higher are often op-
erated with a positive grid bias.

In grid controlled rectifiers with a
fairly close mesh grid it will be no-
ticed that the grid does not lose its ef-
fects entirely after the discharge is
forced. If the meshes are sufficiently
closed such tubes can be operated to
some extent as gassy amplifiers, al-
though few details of this type of grid
controlled rectifier are known so far.

From data available it appears that
power amplifiers for large currents are
practical and also that the hot cathode
vapor tube may replace the high vac-
uum receiving tubes, giving a much
greater latitude in characteristics.

Frequency Stability

Given characteristics as described, it
is obvious that even the plain rectifier
without a grid can be made to oscillate,
as well as the grid controlled rectifier.
It is also easy to predict from the great
number of factors influencing the dis-
charge that it is not an easy task to
design an oscillator with good frequency
stability.

Most gas tube oscillators are neces-
sarily of the relaxation type. The sim-
plest one is diagrammatically sketched
in Fig. 2, in which r is a resistance, ¢
a condenser. The frequency of such an
arrangement will depend on the time
factor of the resistance condenser com-
bination and on the differences between
ignition and extinction voltage on the
supply voltage. The condenser is being
charged within a time element deter-
mined by resistance, capacity and volt-
age; the voltage across the tube rising
along a straight line until the ignition
voltage is reached. Then the condenser
discharges through the tube virtually
instantaneously. The voltage waveform
is saw-tooth like. It is quite useful for
the base line in cathode ray oscillo-
graphs and for various other purposes.

f this circuit is modified as per Fig.
3 by inserting a resistance between the
condenser and tube the discharge of the
condenser will be stretched over a time
element comparable with that of the
charging period. The waveform will be
accordingly changed.

An analysis shows that in this type
of oscillator a considerable amount of
energy is consumed in the resistances.
Part of the resistance in the circuit
may be replaced by inductance with the
attendant increase in efficiency. Sce
Fig. 4. The power output of such os-
ciliators increases with the frequency,
the capacity, the difference hetween ig-
nition and extinction voltage.

The ignition voltage can be raised to

www americanradiohistorv com

RADIO ENGINEERING

OQUTPUT

FIG.5

HEATEFS

3

TO
FIG.6 TRANSMITTER
Fig. 5
Raising ignition voltage by use of biased grid
Fig. 6.

Grid controlled rectifier as keying relay and
time lag relay

that of the d-c. supply by interposing a
suitably biased grid as in Fig. 5, with
great increase in efficiency. By using
two tubes with grids connected in
proper phase relation it is possible to
construct an oscillator or “inverter”
with a sine wave output.

All these oscillators require a com-
plete extinction of the discharge after
completion of each cycle. They are
therefore limited by the speed with
which deionization of the gas atmos-
phere in the tube takes place.

Qutput

At the present stage of the art we
cannot go much over 1,000 cycles. The
output of oscillators is a function of
frequency, capacity and voltage. It in-
creases with the increase of these three
variables.

At a given frequency the maximum
capacity is determined by practical lim-
itations and by the high cost of large
condensers. Oscillators making use of
the falling characteristic of the glow
discharge itself are less limited in fre-
quency. Oscillators constructed on this
basis will deliver even radio frequen-
cies. Their efficiency is, however, very
poor as tue potential difference availa-
ble is necessarily only a few volts, as
it can be only part of the operating
drop of 12 volts.

If a magnetic field is applied in a
plane at right angle to the electrostatic
field in the tube it has the effect of in-
creasing the drop, and with 1t the out-
put and efficiency of the oscillator. Such
an oscillator becomes quite similar to
the old arc transmitter. It is also pos-
sible to have the plate current react on


www.americanradiohistory.com

Dl

lABDR ATORY TESTS

~o.msive QUALITY

ERIE RESISTORS are made in “one-
This fact plus care-
ful supervision of the ingredients make
them most dependable under all condi-

piece” construction.

tions of use.

Daily laboratory checks are
made on the different steps in
the manufacturing processes of
ERIE RESISTORS to insure
quality.

Millions of ERIE RESIS.-
TORS have been shipped to
manufacturers all over the
world and they have undergone
every test and come out with
an almost perfect record.

This remarkable showing—
extending over a period of
years—is proof of careful man-
utacturing methods and un-
usual inspection.

AL PESINIOR

www americanradiohictorv com

Erie Resistor Corporation, Erie. Pa |
In the Center of the Radio /na'usfrl/

Factories 1w Erie.Po, and Toronto, Can.


www.americanradiohistory.com

“Projection
Engineering”
The Journal of the “Sound” Industries

Published monthly, and dealing with the
manufacture, engineering, service, installa-
tion and operation of public address sys-
tems, centralized radio, theatre talkies,
home talkies. Covering the subjects of
design, production, materials, acoustics and
the practical problems encountered by field
engineers,;contractors, installation men and
service men.

A.B.C.

PAID

CIRCULATION
OVER 9,000

in the

Electronic

or

“Sound”
Industries

A PRESENT MARKET OF
PROVEN AVAILABILITY

Public Address
Sound Amplifiers
Sound Recording
Sound Pictures
Home Talkies
Visual Projection
Sound Reproducers
Acoustic Engineering
Automatic Music
Photo Tubes
Amplifier Tubes
Industrial Sound
Applications
Industrial Visual
Applications

Projection Engineering, with a paid
A.B.C. Circulation of over 9,000 engineers,
executives, technicians, contractors, service
and installation men and projectionists,
has the largest paid circulation of any
publication among the new, radio asso-
ciated, electronic or “sound,” industries.

The editorial staff is headed by Donald
McNicol, past president of the 1. R. E.

The subseription rate is $2.00 a year (no news-
stand eirculation) — $3.00 for 2 years. (8$3.00
yearly in foreign countries.)

Published by the

Bryan Davis Publishing Co., Inc.
52 Vanderbilt Ave
New York City

Cleveland Chicago Los Angeles

www americanradiohictorv com



www.americanradiohistory.com

DECEMBER, 1931

the magnetic field and thereby generate
oscillations.

There are at present several difficul-
ties in the way of designing a practical
oscillator according to these principles.
Some of these are connected with the
fact that coated cathodes have a way
of sputtering violently under such con-
ditions. When more durable cathodes
are produced the magnetic oscillator
may find its way into practical use.

The grid controlled rectifier with a
close meshed grid can, as we have seen,
be used as a power amplifier. Off hand,
it might appear that all we had to do
to produce a practical, large scale os-
cillator would be to place an alternat-
ing voltage on the grid of a large ca-
pacity tube of this type. The output
would be a sine wave, but the efficiency
would be less than 50 per cent. The
tube acting simply as a variable resist-
ance would absorDh half the energy.

To obtain practical efficiencies the
tube must be operated as near as possi-
ble to a square wave. This must he
converted into a sine wave where nec-
essary by suitable filters. It is, how-
ever, likely that for many purposes a
square wave would be suitable.

There is a large field in radio and
in the industries for grid controlled
rectifiers in control work. The keying
of transmitters offers a problem which
has been solved in many ways. The use
of a grid controlled rectifier as keying
relay and time lag relay at the same
time may be accomplished according to
Fig. 6. A grid controlled full-wave rec-
tifier is used for the power supply unit.

Advance in

ILLIONS of dollars now lost
to the radio industry will be
brought into the legitimate
channels of radio distribu-

tion with the inauguration of a second-
ary selling season.

Vigorous selling will be carried right
on through the winter and into the
spring under the plan, with more sales
and greater profit for all. “Dumping”
and “gvp” selling will be eliminated.

The secondary selling season for
radio begins after the holiday slump
and will continue on into the spring.
When the idea has had a chance to
prove itself in 1932, there is a real pos-
sibility that the secondary season may
even surpass the so-called primary sell-
ing season in sales volume.

The key and a very small thermo-
static switch, the latter normally closed,
connect the grid of the rectifier with
a source of negative bias. A leak be-
tween grid and filament takes care of
any charges on the grid and prevents
delay by charges which might linger
on the grid. The thermostatic unit is in
parallel with the key. When the power
switch is closed the current passes
through its heater. After the desired
time the contact opens and the key is
ready for operation.

It is easy to build such tubes so that
the voltage from an ordinary B battery
will control a few thousand volts in a
satisfactory manner. Similar tubes are
used in remote control of receiving sets.

In designing circuits for the use of
grid control rectifiers their dependence
on operating temperature must be taken
into consideration. This is particularly
true of the types with large spacings
and high amplification. It is quite pos-
sible to make a tube to shut off 110
volts with a negative control voltage of
.3 volt. 1t is possible to design tubes
which are less sensitive to temperature
changes, but as a rule this 1s obtained
at the expense of sensitivity.

Tt is the writer’s opinion that for the
present at least the most practical so-
lution of the problem would be to en-
close the tube in a receptacle with some
form of temperature control. Tubes
which are filled with rare gases instead
of mercury vapor are less subject to
temperature influences, but are not quite
so satisfactory at higher voltages.

A suitably biased grid-controlled rec-
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tifier can be used for over-voltage pro-
tection. The grid bias is so chosen as
to make the ignition voltage above the
peak voltage on the line. Any higher
voltage will start the discharge, which
will then present a drop of only about
12 volts to the surge.

A resistance in series prevents wreck-
ing the tube. Unless further provisions
are made the tube will block again at
the end of the cycle, during which the
breakdown occurred. A similar ar-
rangement can be used to counteract
the effect of the opening surge in sole-
noids used for operating brakes or
valves.

In television the amplifier with a
close-meshed grid may be used as kino-
lamp and power amplifier combined. It
replaces the last tube in the amplifier
and the lamp itself. This arrangement
will permit the handling of much larger
powers than at present without increase
in the number of tubes and, therefore,
greater luminosity.

Being aware of the fact that the word
revolutionary has been used and abused
so much lately, especially in describing
new things in radio, which were some-
times new but hardly ever revolution-
ary, the writer nevertheless daves to
predict that vapor rectifiers of the grid-
controlled varieties will actually revo-
lutionize many fields. The change will
be gradual until the power iraternity
have hecome accustomed to thinking in
terms of vacuum tubes and until they
have given up their dislike for any de-
vice of which glass and heated filaments
form elements.

radio receiver merchandising

In the early days of radio there was
a sound reason to concentrate on sales
in the final quarter. But with high
class Droadcasting programs available
all the year around, excellent receivers
and high powered stations, the radio set
is used and enjoved, every day, all the
year around. The secondary selling
season will be publicly launched for the
benefit of the entire nation, the week of
the Chicago Radio-FElectrical Show,
Jan. 18-24, 1932. Newspaper publicity,
from coast to coast, and network broad-
casting will create immediate accept-
ance for the new selling season, just
as the New York show does in the
autumn.

It was purposely to insure the sec-
ondary selling season getting under way

A

Leaders of industry approve new merchandising idea
which will be launched nationally at Tenth Annual
Chicago Radio-Electrical Show, January 18-24, 1932
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witliout lost motion that the Chicago
show was postponed from October. The
majority of manufacturers realized that
without such a vehicle as a national
trade and public show to generate coun-
trywide interest, it would be impossible
to impress the idea forcefully upon the
public.

Both for consumer and trade, the
Chicago show is ideally timed—necar the
end of the holiday slump. Members of
the trade will have the time to attend
the exposition in January, and the pub-
lic will have ended its holiday visiting.

With Chicago so centrally located,
thousands of members of the trade will
find it convenient to come to the Show,
to exchange views and to inspect new
models and to have the benefit of both
trade and consumer acceptance in mak-
ing their own buying decisions.

Many manufacturers are already
making plans for trade meetings during
Show week.
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RMA STANDARD COLOR-CODE CHART

The RMA standard color-code, now in
practically universal use, can still be some-
times puzzling to the serviceman without
some chart for ready reference. There
are, for example, over 400 different re-
sistor values now in use, each with its own
3-color “signature.” A new celluloid vest-
pocket indicator, which may be procured
irom the Tilton Mfg. Co., 15 East 26th
St., New York, gives the correct color-
combination for every possible value, in a
flash. Actual size is approximately 4 inches
by 1 inch. R

J. C. YAN HORN ADVANCED

Announcement of the election of J. C.
Van Horn, of Philadelphia, as a vice-
president of RCA Institutes, Inc.,, was
made by D. O. Whelan, president of the
Institutes, following a meeting of the In-
stitutes’ Board. The new vice-president
will be in charge of the four resident
schools at New York, Chicago, Philadel-
phia and Boston.

Mr. Van Horn has a service in radio
extending over a period of twenty-two
years. His connection with instruction
activities started in 1911, when the Phila-
delphia School of Wireless was formed.
This school became a unit of the RCA
Institutes two years ago.

Mr. Van Horn served for four years as
chairman of the Philadelphia Section of
the I. R. E. He is a member of the
A.L E E A

ERNEST SEARING, President
International Resistance Co.

RALPH B. CLARK, SALES ENGINEER

With headquarters establlshed at Toledo,
Ohio, R. B. Clark is organizing to ag-
gresswely represent electrical and radio
manufacturers for the territory of Ohio,
Michigan and Indiana. He will reach elec-
trical and radio buyers with manufacturers,
wholesalers, electric power and telephone
companies, and syndicate or chain store
organizations.

Mr. Clark’s broad background of ex-
perience fits him admirably for this work.
He is a graduate of the Case School of
Applied Science, Cleveland as electrical
engineer.

He has been connected with the Na-
tional Lamp Company, Cleveland, U. S.
Light and Heat Corporation, Niagara
Falls, New York, and the National Carbon
Company, Cleveland, in various capacities
as sales engineer, branch manager, division
sales manager. Since 1919, he has been
functioning as manufacturers’ representa-
tive or sales manager for electrical and
radio manufacturers.

A,

RADIO SET ANALYZERS

A new book of 59 pages with the title,
“Radio Set Analyzers,” has been published
by Gernsback Publications, Inc., 98 Park
Place, New York. This little book sells
for 50 cents and will be found instructive
by all those who have to do with set
analyzers. R

INTERNATIONAL RESISTANCE ELECTS
NEW OFFICERS

The directors of the International Re-
sistance. Company have announced their
reorganization plans necessitated by the
untimely death of their president, Francis
R. Ehle, who was instantly killed in a
recent airplane crash.

Ernest Searing, former vice-president
and director of the company, will succeecd
Mr. Ehle as president. Mr. Searing be-
fore becoming associated with the Inter-
national Resistance Company was eastern
manager and director of the Johns-Mans-
ville Company, and has for the past two
yvears been very closely associated with
Mr. Ehle and the activities of this com-

pany.

William G. Porter has been elected
vice-president and a director of the com-
pany. Mr. Porter was an intimate friend
of Mr. Ehle’s, and has only recently
joined the company. For the past fifteen
vears, he has heen actively engaged in the
planning and selling of Victor records,
having been for the past two years man-
ager of record sales for the RCA-Victor
Company of Camden.

Miss Ruth N. Shires, formerly secre-
tary of the company, has been elected
secretary and treasurer. Miss Shires has
been with the company since its inception,
and is thoroughly versed in the company’s
many activities.
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HOUCK JOINS KOLSTER RADIO

After a ten-year association with the
Dubilier Condenser Corporation and pre-
decessor, Harry W. Houck has resigned
as chief engineer in order to join Kolster
Radio.

Although best known for his engineering
work in the condenser field, Houck has.
contributed unsparingly to the development
of . radio reception. He was associated
with the development of the original super-
heterodyne circuit at the Research and
Inspection Division laboratories of the
U. S. Signal Corps in Paris during the
World War. He has been granted numer-
ous patents on radio inventions. His radio
career dates back to 1910 as a wireless.
amateur. He operated one of the first
licensed stations in Central Pennsylvania
in 1912. He has been active in the L.LR.E.
and Radio Club of America.

Houck has joined the Kolster Radio or-
ganization as assistant chief engineer, and
will be stationed at the engineering labora-
tories in Newark, N. J.

A

VOLTAGE DIVIDERS

The Ward Leonard Electric Co., Mount
Vernon, N. Y., has issued Circular No.
514 listing a line of voltage dividers for
the various makes and models of radio
receivers now on the market. The circular
gives the resistance in ohms and the length
of the resistor.

The circular lists sixty-five receiver
models of twenty radio manufacturers, to
all of which these voltage dividers apply.

WM. G. PORTER, Vice-President
International Resistance Co.
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CON DENSERS

“Got a solder problem
'to be licked? . . . just

Smoll
Spoce

High
Copoclty

Single
Hole
Mounting

High
Voltogs

Salt
Heoling

Onn
Piece
Anode

Metol
Enclosed
Vent

Dull
Nickel
Con

PRAGUE for
years has been

the chief
source of condenser
supply to the radio
industry. Let us send
you full information
about Sprague Pa-
per and Electrolytic
Condensers, includ-
ing illustrated book-
lets, diagrams, etc.

Electrolytic &
CONDENS E RS

PLUS SERVICE

SPRAGUE

SPRAGUE

ST of the leading radio
manufacturers of the coun-
try have discovered tha:
they can rely on Sprague
Condensers because in efficiency.
economy and absolute uniformity
Sprague Condensers contribute to
the excellence of their own prod-
ucts. And on Sprague Service
because at all times our engineer-
ing laboratories are ready to coop-
erate in adapting condensers to
the manufacturer's specific require-
ments. If you are not as yet familiar
with either condensers or service
we would welcome the opportunity
to tell you more about both.

SPRAGUE
SPECIALTIES CO.
North Adams, Mass.

= Paper

write the 1. D. D!”

All Kester_ Solder
Exceeds Class A
Purity Spec nu:nmns

of the A. 8. T. M 4224 Wrightwood Ave.,, Chi-
cago. Eastern Plani, Newark, N. . Canada—Kester
Solder Co. of Canada, Ltd., Brantford, Onc.

“No, Smith, the I. D. D.isn’t a new fraternal order
or a correspondence school. It's just Kester's In-
dustrial Development Department. They have
shown me more about how to use solder than I
ever knew existed.”

That’s true. Even modesty can'’t forbid that sim-
plestatementofan important fact. Whateveryour
solder problems may be, we can lick them for
once and afl! Just write and see! If you want a safe,
certain, simple solder for the sets you build . .. use
Kester Rosin-Core. Its rosin {lux 1s plasticized to
keep out moisture and air; it will not decompose.
The flux 1s self-contained, too . .. far simpler and
speedier to use. In special cases, where a more act-
ivefluxisneeded, wecandesignaspecial fluxexact-
ly suited to your particular needs. Get started on
using Kester Solder now . . .
save time and labor and
materials ... and build better
sets! Leading set-builders
everywhere have standard-
1zed on Kester. So should
you! Kester Solder Co,, Inc.
1899. Main Office & Plani,

KESTER

FLUX-COR
SOLDF

Acid-Core - Paste-Core -« Ilomn-Lore

FREE SAMPLE... describe your needs
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RIDER WRITES BOOK ON SERVICING OF
SUPERHETERODYNES

Announcement has been received from
the Radio Treatise Co., Inc., 1440 Broad-
way, New York City, that John F. Rider
has completed the writing of a book on the
servicing of superheterodyne receivers.
What with the tremendous number of
these receivers being placed upon the mar-
ket and the dearth of information avail-
able about the subject this book is destined
to fill a long felt want.

Mr. Rider who for many years has been
engaged in the compilation of radio service
material is the author of the “Perpetual
Trouble Shooter’s Manual” a 1000-page
compilation of wiring diagrams and other
service information. His new work en-
titled “Servicing Superheterodynes” was
written for the serviceman who finds him-
self in a quandary when called upon to
service a modern superheterodyne. The
text is divided into sections covering the
phenomena of beats, heterodyning, a break-
down analysis of the function of the differ-
ent parts used in a superheterodyne, troubles
in superheterodynes, symptoms indicative
of certain troubles, the adjustment of the
trimtner condensers, the application of set
analyzers and i-f. and r-f. oscillators, vari-
able-mu and pentode tube replacement, the
design and ‘construction of i-f. and r-f.
oscillators and peculiarities in commercial
superhets.

This book contains a great deal of ma-
terial which is to be found only in manu-
facturers’ service manuals and the type of
material of value to the serviceman that
never appears in public print. The book is
typeset and bound in a stiff canvas cover.
Its size is 5 x 734 inches, and fits into the
average pocket or within the cover of the
average set analyzer. The list price is $1.

A

REGISTERS USING PAPER TAPE

Tape registers are available operating
in one to four circuits by means of which
code or numerical records on paper tape
are registered. Automatic marking on the
tape records circuit interruptions. These
registers also have many applications in
line and in radio telegraph code signaling
where tape records are desired. They are
manufactured by J. H. Bunnell & Co., 215
Fulton St., New York.

A

DE FOREST TO CONTINUE IN TUBE
BUSINESS

A special statement by William J. Bark-
ley, vice-president DeForest Radio Com-
pany, reads as follows: “The conserva-
tive sales policy of the DeIforest Radio
Company has been misinterpreted in many
quarters, giving rise to unfounded rumors.
It may be a strange sight today to see a
radio tube manufacturer actually trying io
make a profit on the business transacted,
and positively refusing to do business at
a loss. Hence, the rumors concerning the
DeForest Radio Company quitting the
receiving tube business. :

“The truth of the matter is that the De-
Forest Radio Company has no intention
of quitting the receiving tube business.
During recent months the DeForest plant
at Passaic, N. ], has been operating
steadily, turning out a considerable volume
of receiving tubes to meet profitable or-
ders on hand. However, it is true, and
we are proud so to state, that the De-
Forest organization has refused to solicit
business entailing a loss. Consequently,
the DeForest name is not to be found
among those of tube manufacturers seek-
ing business at any price.

“The DeForest organization has built up

a production process second to none. Re-
markable and unique tube producing equip-
ment has been developed. DeForest re-
search and engineering development have
produced many important improvements and
refinements in tube designs. DeForest
quality is firmly established today. In the
matter of price, the DeForest organization
1s in position to meet any production cost
that may be set by any manufacturer.
Nevertheless, the DeForest organization
refuses to sell its tubes without profit.
Twenty-five years of experience in the de-
velopment, production and sale of radio
tubes—the outstanding pioneer of the en-
tire industry—has driven home the great
lesson that business must be done at a
profit if business is to survive.

“Meanwhile, it is also true that we are
actively engaged in the production of
transmitting tubes of all types. Our
audion line is complete from the smallest
dry battery tube to the largest water-
cooled transmitting tube, with all the spe-
cial purpose types in between. Further-
more, the DeForest organization is pro-
ducing complete transmitters, special am-
plifiers and other equipment to meet the
demands of radio communication and pro-
gram distribution. Despite this very con-
siderable proportion of its activities, the
Delorest organization will continue pro-
ducing and merchandising receiving tubes,
as it has done during the past quarter cen-
tury, rather than discounts.”

KESTER WINS PATENT SUIT

Kester Solder Company announces the
success of its suit concerning the patent
on Kester plastic rosin-core solder. It
was recently necessary for the Kester
Solder Company to institute infringement
litigation against Silva Wares Company,
Inc., and the New York Solder Company,
Inc, for infringement of the Ripley pat-
ent No. 1,724,680 covering Kester plastic
rosin-core solder. .

This patent, but one of a number of
patents and an application for patent,
owned by the Kester Solder Company has
been adjudicated in the United States Dis-
trict Court tor the Southern District of
New York. His Honor, Robert P. Pat-
terson, United States District Judge, on
August 13, 1931, handed down an opinion
holding the Kester patent valid and in-
fringed by the plastic-rosin core solder
which the above mentioned companies had
been selling up to the time of the trial
which occurred in June of this year. The
decree based upon this opinion was entered
in the District Court by Judge Patterson
on October 30, 1931,

A

NEW PRICES ON 1. R. C. METALLIZED
RESISTORS

In keeping with the times, new low prices
on I. R. C. metallized resistors enables the
dealer and the serviceman to obtain a
quality resistor at the same price he for-
merly paid for inferior makes of resistors.

Increased production has enabled the
International Resistanice Company of 2006
Chestnut  Street, Philadelphia to reduce
prices approximately 40% on all types of
metallized resistors, one watt resistors that
formerly sold for 50 cents list can be
bought for 30 cents list; 2 watt resistors
that formerly sold for 75 cents list can be
purchased for 40 cents and three watt re-
sistors that formerly sold for 80 cents list
are now reduced to 50 cents list. There
has been no let-down in quality and in
spite of the drastic reduction in list prices,
increased service helps are given to the
dealer and serviceman free of charge. The
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same dealers’ and serviceman’s discount of
40% from the list price still applies.

A wide range of types of resistors are
in stock at all jobbers and the Interna-
tional Resistance Company reports a steady
increase in their jobAbing business.

TRAV-LER IN TELEVISION

The Trav-ler Manufacturing Corp., will
hereafter be known as the Trav-ler Radio
& Television Corp., of St. Louis, Mo., be-
lieving the new name will better describe
the aims and activities of the organization.

The corporation is now in production
of television equipment, short-wave tele-
vision receiver kits and television scanning
kits, complete short-wave television re-
ceivers and television scanning receivers,
and complete combination radio and tele-
vision receivers.

DUBILIER HIGH-FREQUENCY CAPACITOR

A new line of high-frequency capacitors,
Type PL-341-62, is announced by the Du-
bilier Condenser Corporation, New York
City. This type comprises a special di-
electric section encased in a cylindrical
aluminum shell with insulated top ter-
minal and mounting base. The metal is
reduced to a minimum in limiting Eddy
current losses so prevalent at extreme
frequencies; in fact, the extremely low
losses in this type capacitor approach the
efficiency attained in air condensers.

Type PL-341-62 Dubilier capacitors are
available in .000025 and .00001 mfd. values.
They can be employed as neutralizing con-
densers because of their low capacity.
Also, they may be employed in parallel
with the variable condenser in a tank cir-
cuit for increased capacity values, or
again alone as a tank condenser. These
capacitors are especially applicable to fre-
quencies over 10 meﬁacycles.

ARCTURUS EXTENDS ACTIVITY INTO
POWER TUBE FIELD

In line with its expansion in other fields
of the thermionic art, the Arcturus Radio
Tube Company, Newark, New Jersey, an-
nounces that it is now completing the de-
velopment of large power tubes for broad-
casting and industrial uses.

Allan B. DuMont, formerly chief en-
gineer of DeForest Radio Company, in
charge of transmitting tubes, has been re-
tained by Arcturus in a consulting capacity
on this added line.

A thorough study has been made not
only of the transmitting tubes designed in
the United States but also of the unique
features and special advantages of foreign-
made power tubes. With an established
reputation for building quality broadcast
receiving tubes it is expected that the new
Arcturus transmitting tubes, when intro-
duced to the trade, will be a decided ad-
vance over the preseAnt-day transmitters.

JAMES-SHIPLEY, INC,, MOVE TO
LARGER QUARTERS

Due to the rapid expansion of their
business, James-Shipley, Inc., have been
forced to seek larger quarters and are now
located in the Chanin Building, 122 East
42nd Street, New York City.

James-Shipley, Inc., are marketing a
high-class line of cabinets and are also
eastern representatives for United Air
Cleaner Corporation, manufacturers of
Sentinel radios.

The two active members of the organi-
zation, Horace Bloom and William M.
Shipley, are well known throughout the
trade, as they were formerly New York
sales representatives for Stromberg-Carl-
son.
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When Working On\
1932 Tubes— |

DRUTETI B H P LA B TR R TR |

PROMPT DELIVERIES

any where—any time

—any quantity

The scientific care used in making
Summerill Seamless Nickel Tubing
is carried through until it reaches
you. It is packed in a sturdy box
carefully made to insure the con-
tents against all shocks in trans-

port. It assures perfect condition
of the tubing when it reaches you.

SUMMERILL

| SEAMLESS
NICKEL TUBING

Keep in mind that Summerill has satisfactorily
served the Radio Tube Industry for years—that
Summerill uniformity, both chemically and me-
chanically, can be depended upon—that Sum-
merill is ready to help maintain high standards
of tube design, production and performance.

LET US send you samples for your
engineering and production departments

The Summerill Tubing Co.
founded 1899

Bridgeport Pennsylvania |
Philadelphia District

TUBING by SUMMERILL
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THORDARSON

TRANSFORMERS

Keep step with

Engineering trends

Intensive and continuous research and experience
keep Thordarson Transformers in step with en-
gineering progress in the radio field . . . and vast
purchasing, production and distribution facilities
keep their costs low.

Tell us of your requirements and let us make
suggestions. Let us show you how Thordarson
Transformers—a product of nearly 40 years’ leader-
ship in high quality transformer production— can.

help you sustain your manufacturing profits.

THORDARSON ELECTRIC MANUFACTURING CO.
500 WEST HURON STREET, CHICAGO, ILLINOIS

HORDARSON

TRAMNSFORMER
SPECIALISTS
SINCE 1895 ...
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FILM SOUND RECORDERS FOR
BROADCAST PURPOSES

There are reasons to believe that broad-
cast transcriptions will be recorded on
film in the near future. One great ad-
vantage of film over disc is that the film
can be edited for or by each particular
broadcasting station. Local announcements
can be inserted and, if necessary, last min-
ute changes can be made before “going
on the air.” With each station having its
individual recorder and reproducer, pro-
grams could be recorded and edited days
in advance of presentation to the public
similar to the talking picture. Using the
“toe” method of recording, the negative
can be reproduced with excellent fidelity.
In the interest of economy, it is possible
to put several sound tracks on 35mm film.
The frequency range covered exceeds that
allowed by the Federal regulations. Fre-
quencies well above 10,000 cycles have
been recorded on ordinary positive film.
A special model for recording and repro-
ducing programs will soon be available.
Linear speed of the film has been increased
from 90 to 115 feet per minute, resulting
in improved high frequency response. The
width of the sound track has been in-
creased, resulting in lower background
noise.

Excellent film recording equipment is
manufactured by the Canaday Recording
Equipment Company, 714 Leader Bldg.,
Cleveland, Ohio.

THE WOODRUFF SUPER-THRU

Woodruff & Company, Meridian Miss.,
announce a new, workmanlike antenna
lead-in unit which has a number of attrac-
tive features. The entire installation is
made through a single 13/I16 inch hole.
No metal box is used and the unmit is
adaptable to any thickness wall.

A

NEW FILAMENT FOR PRACTICAL 2-VOLT
BATTERY TUBES

A new type filament for practical two-
volt battery tubes and for future applica-
tion to other types of tubes, is announced
by the engineering department of the De-
Forest Radio Company. This cobalt alloy
filament is said to overcome the handicaps
heretofore experienced with the —30, —31
and —32 types of tubes in which a finely
drawn nickel filament is employed. With
a diameter of .001 inch, the usual nickel
filament provides uncertain emission, is
subject to premature burnouts, and makes
for a short-lived tube.

The cobalt alloy filament, DeForest en-
gineers report, has a much greater hot
tensile strength. Furthermore, the in-
creased diameter for a given resistance
makes fer maximum efficiency in the
emission.

The —30, —31, and —32 tubes produced
with the new filament have, it is stated, a
service life consistently over 1000 hours.
The new filament makes for a tube one-
third as microphonic as when the usual

NEW DEVELOPMEN
“OF THE MO

nickel wire is employed. The cobalt alloy
filament is stronger, easier to handle and
the tension is more accurately secured,
making for greater precision in stem
mounting. The operating temperature is
the same as for mickel.

The cobalt alloy filament offers a prom-
ising field for development because of its
low thermal emission. It is entirely prob-
able that the development work on this
filament will be extended to other types of
tubes by the DeForest engineers,

A

MAGNAYOX NO. 150 SPEAKER

The latest addition to the Magnavox
family of speakers is the No. 150 model.
This has a cone diameter of 5% inches.
The outside diameter of the cone housing
is 6-17/32 inches and the transformer,
mounted on the rear of the housing, does
not protrude beyond this diameter. The
mounting holes in the housing are slotte:l

so that the mounting hole circle may he
anywhere from 5-15/16 inches to 06-5/32
inches in diameter for the hole centers.
The terminal strip is arranged to be easily
accessible from directly back of the speaker
and is fitted with a proper cover to guard
against electrical hazards. The terminal
strip is arranged to be easily accessible
from directly back of the speaker and is
fitted with a proper cover to guard against
electrical hazards. The terminal cover is
essentially flush with the level of the field
coil casing, thus giving the whole assem-
bly a neat compact appearance. The mag-
netic structure is of the U-type.

While designed primarily for use in four
and five tube sets it will reproduce the
low notes in the very small cabinet or
baffle in which this type set is usually
housed.

A

LOW THERMAL EXPANSION CERAMIC

A remarkable scientific development in
the form of a ceramic possessing the low-
est coefficient of thermal expansion of any
known material. is announced hy Henry
L. Crowley & Company of West Orange,
N. J. Known as Crolite No. 7, the new
ceramic enjovs a two-to-one advantage in
thermal coefficient over Invar, an alloy
heretofore representing the lowest thermal
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coefficient, and a four-to-one advantage at
100° (two-to-one at 1000°) over Silli-
manite, the ceramic employed for spark
plug cores and other purposes.

Crolite No. 7 has a coefficient of thermal
expansion of 0.9 at temperatures ranging
from 0° to 100° C, and 1.2 from 0° to

°. At high temperatures, or up to
1000° C., the coefficient of thermal expan-
sion is 2.7. Invar is 1.5 for temperatures
from 0° to 100° C. The thermal expan-
sion curve of Crolite No. 7 is absolutely
smooth and uniform.

The lowest coefficient of expansion at-
tained in Crolite No. 7 means that this
material undergoes less change in size for
temperature variations than any other ma-
terial now in use. Also, the absence of
appreciable thermal expansion means that
the material is free from internal stresses
and can therefore be subjected to severe
heat shock without cracking. In fact, it
will not be destroyed even when heated
to incandescence and then plunged in cold
water.

The new ceramic has certain critical
applications, such as in precision instru-
ments where changes of material must not
upset characteristics.

A

NOW A MAGNETIC COUNTER

The electromagnetic counter here illus-
trated, manufactured by Struthers Dunn
Inc, 127 N. Juniper Street, Philadelphia,
Pa., has a wide market in the radio field,
and is used with the photoelectric cell:
while in the electrical manufacturing field,
equipment manufacturers require these on
certain types of equipment in order to de-
termine production count. The industrial
field in general can make use of these
where it is necessary to determine count

at a remote point of a machine. All the
electrical trade in general will welcome
such a device.

A
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Los Angeles

THE Group Subscription
Plan for Rapio ENGINEERING
enables a group of engineers or
department heads to subscribe
at one-half the usual yearly
rate.

The regular individual rate is
$2.00 a year. In groups of 4
or more, the subscription rate
is $1.00 a year. (In Canada and
foreign countries $2.00.)

The engineering departments of
hundreds of manufacturers in
the radio and allied industries
have used this Group Plan for
years, in renewing their sub-
scriptions to Rap10 ENGINEER-
ING.

Each subscriber should print
his name and address clearly
and state his occupation—
whether an executive, engineer,
department head, plant super-
intendent, or foreman, etc.

Remember this Group
Plan when Your
Subscription Expires

(Radio Engineering)

Bryan Davis Publishing Co, Inc.

52 Vanderbilt Avenue
New York, N. Y.

Chicago

Cleveland l |
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YOUR SETS NEED

THE BEST SPEAKER
YOU CAN BUY

New Magnavox Model 150 5V4-inch cone Dynamic Speaker, for small midget sets

With better programs in the studios, with better broadcast-
ing to put them on the air, 1932 radio buyers are going to
demand BETTER RECEPTION.

The purchasers of all but the cheapest sets are going to
be more critical than ever of TONE QUALITY. It’s going
to take ear-appeal to sell them. . ..

That is why your sets need the best speaker you can buy.
You may spend a few cents more per unit—but you will get
it back in appreciation of your determination to give the
public a higher quality of tone rendition.

Magnavox can help vou there. The new Magnavox 40 and 50
Series Symphonic Speakers are engineered to meet 1932
requirements—to reproduce the full tone-range of modern
broadcasting.

Have you investigated these great speakers? Make no com-

mitments till you have. A model, with complete engineering
data, will be furnished without obligation.

Magravox Compary 11d.

Executive and Sales Offices: A > Subsidiaries:
155 East Ohio St., Chicago, 1l L3 The Magnavox Company
Factories: < Electro Formatian, Inc.

Magnavox (Great Britain) Lid.
Magnavox (Australia) Lid.

Magravox

S PEAKE S
ES

Fort Wayne, Ind.

YEARS'
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ALUMINUM HORN OFFERS NEW
ADYANTAGES

The first size in a full series of all-
metal trumpet horns has just been offered
the sound projection trade by the Fox
Engineering Company, Toledo, Ohio, man-
ufacturers of horns and high-powered elec-
trodynamic units.

While the tone characteristics and phy-
sical requirements of the perfect amplify-
ing horn have long been recognized by
sound engineers, the actual attainment of
these characteristics has been a matter of
slow and painstaking development. All-
metal horns are not new, but an all-metal
horn that is entirely free from rasping and
vibration noises is an achievement that
will be welcomed by every sound engineer
in the country.

This new Fox horn, of conventional
trumpet design, has consistently shown,
under all conditions, a clear, bell-like tone
that has surprised and pleased every en-
gineer that has tested it.

Notwithstanding the fact that these horns
are 6 ft. long, and have a bell diameter
of 32 inches, they are of spun aluminum
and free from lateral joints or seams. This
construction makes possible a definite
radial uniformity that accounts for its fine
tone. Aluminum is not only an ideal
medium from the standpoint of resonance
and purity of tone, but its light weight is
an appreciated factor in many instances.
It is easy to set up and take down for
temporary use, and when knocked-down
into its two integral parts, is extremely
easy to store and ship.

These horns are entirely free from the
influence of atmospheric and moisture con-
ditions and are almost indestructible in
normal use. Weight is only 12 pounds.

A

TUBE-SELLER FOR SMALL STORES

A smaller and lower-priced tube-seller
for the small store has been developed by
the Jewell Electrical Instrument Company,
1650 Walnut Street, Chicago, Illinois.

The Pattern 533 tube-seller measures
tube value on a three-color scale similar
to that used on the larger Jewell tube-
sellers. Indications are direct in terms

easily understood by the customer—Satis-
factory, Doubtful, and Unsatisfactory. No
reference to tables and no calculations are
necessary.

A short-checker with indicating lights,
line voltage indicating meter and adjust-
ment, and separate test sockets for each
type of tube, are some of the features.

Provision is made for testing—without
adapters—all standard tubes, including
pentodes and variable-mus in a-c. and two
and six volt d-c. types.

MOULDED CASE MICA CAPACITORS

A line of moulded case mica capacitors
ranging from a few micromicrofarads to
.2 microfarad and for working voltages up
to 5,000, is announced by the Dubilier
Condenser Corporation, 4377 Bronx Blvd.,
New York City. The distinguishing fea-
tures are a neat moulded case with firm
mounting base requiring a minimum of
deck space, as well as sturdy and widely
spaced terminals capable of handling up
to 200 amperes. The usual losses in trans-
mitting capacitors are in this instance re-
duced to a minimum by eliminating mag-
netic material and getting entirely away
from the usual loop effect in the clamp-

ing means. Due to the use of a Bakelite
case, breakdown from terminal to casing
is entirely eliminated.

The Type 6 Dubilier capacitors have
many applications. They may be employed
as plate blocking capacitors in small
transmitters, or as grid capacitors in the
medium sized transmitter, and again us
filament by-pass capacitors. They are es-
pecially adaptable to aircraft transmitters
because of light weight and compact di-
mensions. They can be used in tank cir-
cuits. The extra wide strap terminals
that may be provided in place of the usual
terminals, when so ordered, make these
capacitors applicable to ultra-high-fre-
quency circuits.

GRID CONTROL RECTIFIER

Va$S Corporation of 125 N. 3d St.,
Newark, N. J., Dr. Paul G. Waeiller,
president, has developed a grid controlled
rectifier which may be operated on d-c.
plate voltage. Type SDC-121 delivers 1
amp. d-c. at 300-volt plate. The flow of
current may be stopped by applying a
negative voltage of —5 on the grid of the
tube.

The tube is a sensitive relay for a-c. or
d-c. operation and is adaptable to a simple
and compact inverter circuit.

A

TUNGSTEN SHEET

American Electro Metal Corp., Lewis-
ton, Maine, has succeeded in developing
very ductile tungsten sheet. It is being
produced in thicknesses as fine as .0002
inch.

This company manufactures the well-
known Elmet wire for thermionic tube
hooks, grids and plates.

A

MICROPHONE AMPLIFIER

The single microphone line amplifier
Model No. 506, manufactured by Wireless
Egert Engineering, 179 Varick St., New
York, is used for broadcasting and public~
address work. The unit is especially handy
for its extreme portability, being entirely
self-contained and measuring only 16” x
714" x 7%". The weight of the amplifier
is only 20 Ibs. including all batteries. The
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unit is built into a metal portable cabinet
and is extremely rugged for all outdoor
use. The amplifier uses transformers gen-
erally accepted as standard by broadcast
officials.

The amplifier accommodates a double-
button or single-button microphone. The
output is designed to work into a 500 ohm
line. The gain of the amplifier is 40 db.
A filament voltmeter and plate milliameter
are supplied for reading microphone, plate
and filament current. A plug and jacks
are supplied to give current indication on
each tube as well as each button of the
microphone. An overall gain control is
supplied. The frequency characteristic is
essentially flat over the entire range be-
tween 70 and 6,000 c.p.s. A monitor jack
is supplied for headphones.

A

PENTODE OUTPUT TRANSFORMERS

A pentode output transformer designed
to couple the new single power pentode
tube to the voice coil of a dynamic speaker,
is now being marketed by the Thordarson
Elec. Mfg. Co, 500 West Huron St.,
Chicago, Il

A

NEW LONG-WAVE COILS

The General Manufacturing Company,
8066 So. Chicago Ave., Chicago, Ill., an-
nounces a new four-bank long-wave coil
for radio frequency.

A

NEW TUBE PRODUCTS

The Cable Radio Tube Corporation, 84-
90 North Ninth St., Brooklyn, N. Y., an-
nounce the introduction of two new tubes.

Television Lamp

The Speed television lamp differs from
those formerly available in that it is of
the wall-electrode type. This construction
offers marked advantages including im-
proved efficiency and greatly increased high
frequency response.

The wall-electrode tube may be operated
directly in the plate circuit of a '71A tube.
It is not however, recommended for use
with the '45 or '47 except where the plate
current is limited to 20 ma.

With the '47 Pentode a series resistance
of several thousand ohms should be used to
improve the load characteristics. With the
triode output tubes this series resistance is
unnecessary since the operating impedance
of the wall-electrode tube is sufficiently
high to offer a favorable working load.

The Speed crater lamp is a point
source of light for use in an optical tele-
vision system such as lens discs, mirror
wheels, etc. Its brilliance is such that
with a scanning system of normal optical
efficiency an image of 5 ” x 6” in size may
readily be obtained. Owing to the differ-
ing constants of optical systems employed
in commercial apparatus, the Speed crater
lamp may be obtained with sources
of several diameters. Those carried as
standard are .0135", .020” and .040”. Other
sizes are special.

Because of its relatively low operating
impedance the Speed crater lamp should
be operated in circuits especially designed
for its use. It is not intended for opera-
tion directly in the plate circuit of a °
vacuum tube.

In order that an impedance match be-
tween tube and load be more readily ob-
tained it is suggested that the receiver out-
put stage employ two 245 type tubes in
parallel.
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there is a N ew
and Dramatic Story
to tell

Centralab Fixed Resistors now take their place beside
Centralab Volume Controls as standard equipment in thou-
sands of radio receivers.

We have just published a very interesting booklet telling in
detail the unique and different method of manufacturing
Centralab Fixed Resistors. It is vours for the asking. Why
not send for it today.

Now in Its 3rd Edition
Our Volume Control Guide should be on every .
engineer’s desk and serviceman’s kit. Priced 25¢c. @ .
’

CENTRALAB VOLUME CONTROLS
CENTRAL RADIO

LABORATORIES
MILWAUKEE

ACME TRANSFORMERS
o ARE BETTER O

RESINGX
g | ﬁé.ﬂ"L [!_I?N_.E' FIEEIHS
' LAMINATING VARNISHES

RESINOX EIJHFI].'HAT'II]N.

SEND YOUR
A SU8SIDIARY OF COMMERCIAL SOLVENTSICORP: SPECIFICATIONS
ANOSCORNIPRODUETS IRERINING (B0 FOR

QUOTATION

The Acme Electric & Mfg. Co.

1440 Hamilton Ave. Cleveland, Ohio

230/ PARK AMEINEW Y DRK EITY: 8
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PREFERRED

SOURCE OF SUPPLY FOR
MAGNET WiRE & COILS

No electrical or radio produc—@igan{

betteg than the magnet wire and! coils
used in its copstruction,

Inca products are engineeredand man:
ufaceured by pieneers in the copper
wire.industry, . .. products r_eli_aﬁ;ﬁ in
quality and uniformity, and depend-
able in service.

These are same gf the reasons why
many, of the: country’s leading manu-
facturers have adppted Inca as theip
preferred sourse of supply.

INCA MANUFACTURING DIVISION
of National Electric Praducts Corporation
Fort Wayne, Ind.

. INCA

SYMBOLIC OF THE
BEST [N COPPER
WIRE PRODUCTS

COMPLETE LINE OF
GENERAL RADIO

Parts and Electrical Testing Instruments. Also
magnet wire of every description. Large selection
of antenna wire in any length up to 5000 feet.
Wholesale distributors for every worth while
line at lowest wholesale prices.

LOWEST POSSIBLE WHOLESALE PRICES

bt The Homne of RADIOj

45 VESEY STREET, NEW YORK CITY

RADIO ENGINEERING

CONDENSERS FOR THE
VERY SHORT WAVES

— -,

TYPE 568-K Variable Air Condenser

Short-wave receivers and transmitters demand small but
rugged variable air condensers having low losses. The TYPE
568 Variable Air Condensers meet these requirements admir-
ably. They are small in size and have two cone-type bearings.
End plates are of isolantite which keeps down power dis-
sipation in the unit.

The rotor is attached to a hollow shaft through which a
3/8-inch bakelite shaft is slipped and locked with set screws.
Thus the shaft is insulated, and, if desired, a number of con-
densers may be connected in tandem and operated with one
control.

These condensers are made in two models, each priced at
$4.00. Write for descriptive literature.

GENERAL RADIO COMPANY

OFFICES LABORATORIES FACTORY
CAMBRIDGE A, MASSACHUSETTS

Silver-Marshall
Laboratory Quality
—Popular Price

PA60B VOLUME INDICATOR

A precision power level indicator for quantitative monitoring
of audio frequency circuits.

RANGE—Minus 8 to plus 48db.

CALIBRATION—Based on zero level of 6 milliwatts in
500 ohms.

BRIDGING IMPEDANCE—5,000 ohms.
METER—Copper-Oxide type.

SIZE—PAG6OB 4’ by 21" for S-M racks.
PAG6OBW 514" by 19" for relay racks.

Many other rack and panel units are available

Write to Mr. Gray for prices, details and the new Novem-
ber Catalog.

SILVER-MARSHALL., Inec.
6401 West 65th Street Chicago, U. S. A.
Export Division: 41 Water Street, New York City, U. S. A.
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New Gen-Ral Midget

REGISTERED

Actual Size

Facsimile of coil shielded bank wound “Litz.”
Furnished shielded in matched sets of three
each for .00035 condenser. Low cost — high
gain.

General Manufacturing Company
8065 So. Chicago Ave. Chicago, Ill.

The MADISON

Owverlooking Ocean at Illinois Avenue

ATLANTIC CITY, N. J.

AHOSTELRY that is in full accord with the
charm and traditional hospitality of this famous
resort. { Throughout, from its unique, inviting
entrance to the spacious ocean view solarium

and sun-deck atop, is an atmosphere of cor-

diality and quiet dignity. § Its furnishings

and appointments—authentic period re-
productions — are all in the best of

taste . . . its cuisine a combina-
tion of fresh fare and culinary

cleverness . .
age drawn from a class that

appreciates the things well
done.

. Its patron-

Rates for all seasons
are most attractive

8 R e I
I S W
W W s O
5 I I T T

X O I LTI

=1y A I I T Y I I
1 I LS T I W

| I I LR I I

&

EUGENE C. FETTER
Managing Director
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Micro

phones

a A A A

HOME RECORDING » » »
PUBLIC ADDRESS » » » »
STANDARD BROADCAST

Kellogg Switchboard
and Supply Company

CHICAGO

LOW
PRICE
LIGHT
SENSITIVE
CELL UNIT

Built to the same quality
that has made Dunco
Relays used the country
over.

| HIS new light sensitive cell unit has the features you
would expect in a unit costing more than twice as much.

It is neatly housed in an aluminum finished case, 6 x 5 x 3",
and operates on standard voltage, 110 volt, 60 cycles. Special
units, both AC and DC operated can be supplied for other
voltages; standard UX 112-A radio tube is used, but not
supplied with the unit, which lists at only $30.

Immediate deliveries will be made and circuit diagrams
will be sent promptly upon request.

NN

[ PHILADELPHIA PA.

— — _— =
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Metalhzed Resistor
2
Watt
1-2
Watts
Uslnq Imvrovad
Type “'K'" Filament

I [ RESISTORS HI ‘

INEERS—Write for latest Data Sheets and
c-h 00 RE, illustrating and describing LYNCH
Resistors. Send us your Resistor specifications and
requirements so that samples can be submitted.
New low prices now In effect.

LYNCH MFG. CO., Inc., 1775 B’way, N. Y. |

Precision Wire Wound

1% Tolerance

NICKEL
CcuT

FLAT

For Radio Tubes
ENDS

between .070 and .006 dia.
=+.002""—no burrs—every piece straight
Capacity 10,000.000 pieces daily

Small metal parts to your blue print. 100 to 675,000 pieces per 1b.

Art Wire and Stamping Company

18-22 Boyden Place, Newark,

]

Baach-International
Compound High Vacuum Pumps

We manufacture all sizes of High Vacuum Pumps from
1-200 cu. ft. per min. All pumps tested at !4 micron
before leaving factory. Write for details.

INTERNATIONAL MACHINE WORKS, Inc.

527-529 Thirty-Second Street, Union City, New Jersey |

r ' ]
Stampings
Pressed Metal for Radio Industry

Steel, Aluminum, Copper, Brass and all Alloys
Send Inquiries and Drawings

METAL SPECIALTY CO. 13, Riverside Dr.

Cincinnati, Ohio

. COILS —

\ Choke-Impedance — — Magnet-Transformer

TRANSFORMERS

Audlo;_B -Power Unlt—Broadcast Statlon—Output
| — P
Have us quote to your specification

POWER TRANSFORMER CO., 145 W. 22nd St., New York City

CONDENSER PAPER|

— Mills at —

Mawark Awve.
Elizabath, M. J, |

152 Cormelison Ave.

Jderaey City, M. J.

PETER J. SCHWEITZER, Inc.,

200 Fifth Ave. N-w York |

When You Renew Your Subscription to

RADIO ENGINEERING

Remember the Group Rate—$1.00 a year for
four or more subscriptions.
Regular Rate—$2.00 a year in U.S.A.—$3.00 in foreign countries

| BARE AND TINNED

COPPER WIRE

For All Purposes
Fine Sizes Our Specialty
SPARGO WIRE COMPANY

ROME, NEW YORK
_Estnblished 1885

RADIO ENGINEERING

STANDARD MOTION PICTURE BOOKS

MOTION PICTURES
WITH SOUND

By JAMES R. CAMERON
Introduction by WILLIAM FOX (Fox Film Corp.)

400 PAGES FULLY ILLUSTRATED

COMPLETE INFORMATION ON BOTH THE THEORETI-
CAL AND PRACTICAL SIDE OF SOUND MOTION PIC-
TURES—WITH INFORMATION FOR THE CARE AND
OPERATION OF ALL SOUND EQUIPMENT IN USE
TODAY.

PRICE FIVE DOLLARS

'SOUND PICTURES

TROUBLE SHOOTERS’ MANUAL
By JAMES R. CAMERON—JOHN F. RIDER
Introduction by WILLIAM F. CANAVAN, Pres. LA.T.S.E. M.P.M.O.
1120 PAGES 560 ILLUSTRATIONS

THE PRODUCING AND REPRODUCING OF SOUND
MOTION PICTURES IS COVERED THOROUGHLY AND
IN AN EXPERT MANNER. EXPLAINS IN DETAIL THE
CONSTRUCTION, OPERATION AND CARE OF SOUND
RECORDING AND REPRODUCING EQUIPMENT. EVERY
KNOWN TROUBLE TO SOUND EQUIPMENT IS LISTED
IN THIS BOOK WITH FULL SIMPLE DIRECTIONS FOR
ITS CURE AND EXPLANATION OF ITS CAUSE.

PRICE SEVEN-FIFTY

'MOTION PICTURE PROJECTION

| JAMES R. CAMERON
Introduction by S. L. ROTHAFEL (“ROXY”)
1248 PAGES 500 ILLUSTRATIONS
FOURTH EDITION
Used Throughout The World As
“THE STANDARD AUTHORITY
PRICE SIX DOLLARS

AMATEUR MOVIE CRAFT

i By JAMES R. CAMERON

A BOOK DEALING WITH THE TAKING AND SHOWING OF
| 16 M.M. FILMS.

|

I A list of our Motion Picture Books sent on request

PRICE ONE DOLLAR

CAMERON PUBLISHING COMPANY

. WOODMONT, CONN. U. S A.
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BRASS—BRONZE—COPPER
NICKEL SILVER—ZINC
PHOSPHOR BRONZE

In Gauges .001 and Thicker. 1/16” to 16" Wide

HOT TIN COATED METALS IN COILS AND STRIPS

THE BALTIMORE BRASS CO.
1206 WICOMICO ST., BALTIMORE, MD.

F. offer to manufac~
turers interested in

EXPORT

the services of a dependable‘organization,
well established in the entire foreign field

AD. AURIEMA, INC.

Manufactarers’ Export Managers
116 Broad Street, New York, N.Y.

Radio Engineering
Paid Circulation 9205

(June 1931, A, B, C. Statement)

NOTE: The paid circulation of the second pub-

lication in the electronic or radio-industrial field
is 6099.

(June 1931, A. B. C. Statement)

LAMINATIONS =

for Audio & Power Transformers
SPECIALIZED METHODS — YEARS OF EXPERIENCE

Wide Variety of Stock Standard Sizes
Dimension and Price Sheets on request

We Also Make .

PERMANENT MAGNETS—DIES—TOOLS—
METAL STAMPINGS

Facilities for prompt service

Thomas & Skinner 170010 1120
E.Twenly-Third 5t
Steel Products Co. mﬂ':.rqr:i?mu;, ing,
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Al T size 2

price.

PREMI

Estab, 1905

1802 Grace Street

NEW

“LOW-MIN"
Variable Condenser

g1 Get the dope on a real
job—.000013 M. F. Min.
Cap. .00035 Max.—small

E‘: s I8 Precision at a lower

R ELECTRIC COMPANY

PREMIER

34 x 37 x 2'—

Write today.

Chicago, U. S. A.

| rapio G

Gilgrid Wire and Plate Material
Special Alloys for Various Needs

Gilby Processed
Carbonized Nickel Resistanc
For Plates
Gilby Patented
Selvage Mesh

WIRE

Also Manufacturers of

150 RIVERSIDE AVE.

NEWARK, NEW JERSEY

Nickel-Chrome

Copper-Nickel
Resgistance Wire
Nickel Wire
And Sheet

GILBY WIRE COMPANY

FILAMENT

e Wire

Recording on Metal

1 |
|‘ ‘ |
your name on our mailing list for
our new bulletin describing our

recorders.
Astatic Microphone .
‘ Laboratory

21 Olive Street, Youngstown, O. |”

If you are interested in this new
and profitable branch of Radio, get

Crystal cutting head and complete

. NICKEL
WIRE CLOT

for the

RADIO TUBE INDUSTRY

Any mesh woven accurately to your s

“CLEVELAND”

\WVire Cloth renowned for its Uniformity, its Superiority,

its Durability.

Advise us of your Requirements

| The Cleveland Wire Cloth & Manufacturing Co.
i 35_71 E 78tLStreet, CLEVELAND, Ohio

H

pecifications.
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SERVICE
ON

WAXES—AIl kinds.

and Electrical Cables, Etc.

ing Devices and Specials.

Rubber-Covered Wire.

IWANK E'S)

DEPENDABLE

QUALITY—UNIFORMITY

WAXES—& —MELTABLE
INSULATING and WEATHER-
PROOFING COMPOUNDS

IMPREGNATIONS—Condensers, Coils, Rubber-
Covered and Weather-Proofed Wire, Telephone

SEALING COMPOUNDS — Coils, Condensers,
Batteries (Wet & Dry), Pot Heads Cables, Wir-

FINISHING-—AIl grades of Weather Proof and

SPECIAL COMPOUNDS

@Ma & Compurry 25

Chicago, IN.

35th St. & Maplewood Ave.

“For over 35 yrs.”

necting

ROEBLING

WIRE—Antennae (plain or enameled). Con-
and Ground
braided or plain).

STRAND—Antennae (plain or en-

| ameled) — Double

BUS BAR
MAGNET (Cotton or Silk)

WIRE
PRODUCTS

JOHN A. ROEBLING’S SONS CO. ||
Trenton, N. J.

(Rubber covered,

Galvanized.

Litzendraht-Loop

Branches in Principal Cities

INDEX OF ADVERTISERS

A
Acme Elee. & Mty Co., The........ .. +H
Acme Wire Co.,, The.................. 51
A, Avuriema, Inciii..si. e miseimeeis 49
Allen-Bradley Co. ...... 14
Anaconda Wire & Cable Co........... g
Arcturus Radip Tube Co....Second Cover
Art Wire & Stamping Co............. 48
Astatie Microphone Lab............... %
B
Bakelite Corp................. Baek Cover
Baltimore Brass Co.. The............. 49
c
Cameron Pub. Co.............. 3 it 48
Candy & Co 30
Central Radio Laboratories............ 45
Clarostat Mfg. Co 11

Cleveland Wire Cloth & Mfg. Co., The. 49

Condenser Corp. of America..Third Cover

E
Elkon Division ............cvveiiennnas 1
Erie Resistor Corp.................... 35
F
Frost, Herbert H.. Tue................ 13

General Cable Corp
General Mfg. Co............cvviiiiinnn
General Radio Co.........oooiveinnnn
Gilbhy Wire Company..................

H

Hammarlund Mfg. Co.
Hygrade Sylvania Co.................

1

Igrad Condenser & Mfg. Co...
Inea Mfg. Division .........cccvvinnnns
International Machine Waorks, Inc....

J

Jenkins & Adair, Imec.................
Johnson & Johnson

Kellogg Switchboard & Supply Co....
Kester Solder Co., Inc......

Leeds Radio €0 ..cvvvvivnneninnians
Mfg, Co., Ine.....

Lynch
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46
48

47
Bt

40
48

M

Magnavex Co., The.... e M
Mallory Co., P. R.............ooiiiunn. 1

Metal Specialty Co.. The............. 48
N

Newark Wire Cloth Co.............. 52
r

Panker-Kalon COTR. wsddaieed b bbls 5

Powell & Co.,, R. C..ooivvnniiiiinins 52

Premier Electrie Co.................. 49
R

RCA Vietor Corp.. Ine............... 10

Radio Manufaeturers Assn........... 8

Resinox Corporation ............... 45

Roehling's Sons Co., John A........... 50
S

Schweitzer. Yeter J.. Ine.............. 48

Silver-Marshall, Inc.................... 46

Spargo Wire Co....................... 48

Sprague Specialties Co.......... T n9

Siruthers Dunn, Ine. .................. 47

Summerill Tubing Co., The........... 41
T

Thomas & Skinner Steel Products Co. 49
Thordarson Elee. Mfg. Co.............. 41
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JENKINS & ADAIR

SPECIAL
PURPOSE TUBES
For audio amplifying
and control circuits
where long life and
uniformity are essen-

i tial.
Send for bulletin.
Prices in U. S. A.

and Canada.

J&A 102 tube.. ea. $ 6.00
J&A 205 tube .. ea. 6.00
J&A 211E tube. .ea. 25.00

Prices are net, f.o.b.
Chicago.

Special prices for
quantities.

JENKINS & ADAIR, INC.
ENGINEERS
CHICAGO, U. S. A,

Cable Address: JENKADAIR
Phone, Keystone 2130 3333 Belmont Avenue

British Offices: 76 Old Hall Street, Liverpool, England
40 Buckingham Gate, London SWI, England

French Office: 16 Rue de Chateaudun, Asnieres, France
Mexican Office: Av. 5 de Mayo 10, Mexico D. F., Mexico
Indian Office: Queen’s Road, Bombay 2

.

INDUSTRIAL TAPE

CDOES not need a loud-
speaker to broadcast its
perfection.

Radio engincers all know of

and recognize its superiority,
its holding properties, lasting

adhesion and non-corrosive
action. It will outlast any
other tape put to
similar usage.

—
Write for free sample and convince
yourself of its excellence

——
JOHNSON & JOHNSON
New Brunswick, N. J.

L
ACME WIRE PRODUCTS

All ACME products are made to
recognized commercial standards,
including those of:

Nat’l Electric Mfrs. Assn.

Radio Manufacturers’ Assn.

Amer. So. for Testing Materials.

Magnet Wire
(All Insulations)

Parvolt Condensers

(Filter and By-Pass)
Also Condensers for Power Factor Correction

Coils, Magnet Wire Wound

Varnished Insulations
(Cambric, Paper, Silk, Tape)

Aerial Wire
(Stranded and Solid)
For over 25 years, suppliers to the largest radio and
electrical manufacturers.

THE ACME WIRE CO.

New Haven, Conn.

Wimg. Voliagr ﬂg

et
s

M

¥ 8

Cylindrical
Type

By-Pass Condenser With Bakelite
Cover

By-Pass Condenser (Small)

We are Condenser Specialists

Send for new price list—just out

Israd Condenser & Mfg. Co. onfectors; "

Factory:
Rochester, N. Y.

M. Agazim . Dimond Sales Co.

Chicago, IIl. Representatives : New York, N. Y.
Six States Sales

H. M. Saunl A, L. Gillies

Boston, Mass.

Los Angeles, Cal, Toronte. Canada

www americanradiohistorv com
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RADIO ENGINEERING

He is examining

“SEALEDGED” <Gz

REG. U. S. PAT. OFF. (Patented)

Note the perfect weave, the smooth finish, and the edge
that cannot unravel. “SEALEDGED?” is the ideal wire
cloth for pentode, variable-mu and other modern tubes.
Only the purest nickel wire used: 9949% pure nickel.

Molybdenum screen is also available for special applica-
tions.

L T e e i it

Newark Wire Cloth Co.

358-372 Verona Avenue
NEWARK NEW JERSEY

[J Without obligating us in any way please send sample and further
particulars concerning “SEALEDGED" Grid Screen.

[1 Pleasc advise regarding malybdenum screen.
[J Please send representative.

Name
Firm sada . TN sty e s
Street .

City State

RADIO
EQUIPMENT

R. C. Powell & Co., Inc., offers the facilities
of a factory equipped to manufacture Radio
Transmitters and Associated Equipment.
The services of a laboratory devoted exclusively to the
development of radio communication equipment.

The assistance of an engineering staff having a broad ex-
perience in the design and operation of vacuum tube
devices.

Engineers in charge of

BROADCASTING STATIONS
LABORATORIES and
RADIO COMMUNICATION SYSTEMS

will find it worth while to obtain our quotations on special
equipment required for the improvement or expansion
of their installations.

R. C. POWELL & CO.

INCORPORATED
350 MADISON AVENUE
NEW YORK CITY

www americanradiohistorv com
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Wait for the New

ACRACON
DRY =

HE Condenser Corporation of America will soon an-

nounce a new line of DRY electrolytic condensers com-
panion to the famous Acracon wet electrolytic unit which
is now specified by over 30 leading radio manufacturers.

News of the Acracon DRY unit has been withheld until
exhaustive laboratory tests under all conditions have proved
its design and construction are absolutely perfect.

The Acracon DRY unit meets the need of manufacturers
for an electrolytic condenser that can be conveniently and
successfully mounted horizontally or beneath the chassis.
Several other exclusive features are incorporated in its
design, which is as original in the DRY type as the Acracon
wet unit was when it was introduced.

Wait for announcement soon of specifications and char-
acteristics.

x«Acracon” Features Are Proiected by Patenis Pending

Conpenser CORPORATION OF AMERICA

259-271 Cornelison Ave. Jersey City, N. J.
Factory Representatives in:
Chicago St. Louis Los Angeles
Cincinnati San Francisco Toronto

and other Principal Cities

www americanradiohictorv com
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Bakelite Malded tube
bases made by Asso-
ciated Attleboro
Manufacturers, Inc,
Attleboro, Mass

Protecting the heart of the set
with Bakelite Molded

Tubes are vital parts of radio receivers and of many other
electronic devices. Subjected to high frequencies and often
to high temperatures for long periods of time, they must be
well constructed, and insulated with materials that retain
their dielectric efficiency indefinitely under severe service.
Bakelite Molded has long been and continuves to be the
choice for tube bases of many kinds.

Bakelite Molded possesses high dielectric and mechanical
strength and its insulating efficiency is unaffected by
moisture, age or temperature variations. In addition, this

material lends itself to economical production through the
use of multiple cavity molds and through the molding-in
of metal inserts. Its fine lustrous finish adds attractiveness
and. enhances the salability of devices for which it is used.
We invite the manufacturers of all kinds of electronic
devices o investigate the many advantages of Bakelite
Molded. If you have a problem. requiring a low-loss ma-
terial, a heat resisting or some other special insulator,
there is undoubtedly some Bakelite Material to fill your
need. Write us for booklet 38M, “Bakelite Molded”.

8Bakelite Engineering Service — We manufacture a wide variety of Bakelite resinoid molding materials, varnishes, lacquers, enamels, cements, and
other praducts. Twenty-one years experience in the development of these materials for electrical and other uses provides a valuable background
for the cooperation offered by our engineers and laboratories.

BAKELITE CORPORATION, 247 Park Avenue, New York.

CHICAGO OFFICE, 635 West Twenty-second Street

BAKELITE CORPORATION OF CANADA, llMlTEQ, 163 Dufterin Street, Toronto, Ontario

scartate

©. 8. PAT. OFF

BAKELITE

Tuo ragistered 1ode marky shown above distinguish matariols
momloctured by Bokehis Corporanon. Under the capriot “3” 4 the

umber of prosent ond fuhre uies of Bokelie Corporonons products.

THE MATERIAL OF A THOUSAND USES
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