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Variable Vottngs

FOR YOUR LABORATORY, YOUR PRODUCT, OR YOUR PRODUCTION LINE

VARITRAN CONTROL UNITS
- For Controlling: Rectifier output, Motors, Heaters, Lights, Line voltage

METHOD OF OPERATION The UTC Varitran is a simple autotransformer with turns arranged on
one layer so that every exposed turn may be used as a tap. A special non-fusing contact can be
moved to any position on the winding, permitting the exact voltage desired to be obtained. The
regulation and efficiency are excellent and no distortion of wave form occurs. The output voltage is
independent of load.

Inpu tout ! - Net
Type _V:Iga;e Voo‘l'f:;e Watts AT:;&. Figure Prl.éo )] v A R ’ T R A N R A T , N G s
V-0 115 volts 0-130 230 2 A $7.50 3 .
V.0-B 230 volis 0-260 230 1 A 9.50 Standard Varitrans are designed
V-1 H5volts 0-130 570 5 B 10.00 for 115 or 230 volt service. The re-
V-i-M 115 volts 0-130 570 5 C 15,00 X
V.2 115 volts 0-130 570 5 A 9.00 spective outpuf voltages are 0-130
V-2-B 230 volts 0-260 570 2.5 A l 11.50 d 0-260 t ». =
V3 B walts 0-130 850 7.5 A 14.00 R volts. The Varitran auto
V-3-B 230 volts 0-260 850 3.75 A 18.00 transformer current and wattage rat-
V-4 115 volts 0-130 1250 11 A 20.00 y

| H ;.

V.4-B 230 volts 0-260 1250 5.5 A | 2500 ing is based at 115 volts. The maxi
V-5 115 volts 0-130 1950 17 A 32.00 mum current can be taken at any
V-5-B 230 volts 0-260 1950 8.5 A 37.00 R
Vg 115 volis 0-130 3500 30 A 60.00 point from 0 to 20 volts and from 95
V.58 e30sSlts 0-260 3500 o » e to 130 volts, tapering off to 50% of
V-7 115 volts 0-130 5000 44 A 87.00
V.7-B 230 volts 0-260 5000 22 A 35.00 maximum at the 65 volt point.

K STREET NEWwW YORK,

www americanradiohicstory com
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"METAL CONTACT

METAL CONTACT =

-Magnified cross section showing the
important and exclusive Centralab
features:

Note center core of resistance material
surrounded by a dense shock-proof
ceramic providing strength and protec-
tion against humidity.

Both core and jacket are fired together
at 2500 degrees F, into a solid unit . . .
hard and durable as stone.

Pure copper covers the resistor ends for
contact,

AXIAL LEAD RESISTORS
Completely insulated

Designed to fit into limited space
without danger of shorting to the
chassis or other parts. Same re.
sistor bodies are used as in Radial
Lead units, millions of which are
now in use . .. only diflerence is
in method of making end contact.
End leads brought through bake-
lite insulation. Will withstand five
times rated load without perma-
nent change,

RADIAL LEAD RESISTORS
80% Insulated

The ceramic body of all Cen-
tralab resistors is in itself an
insulator of the highest quality.
Only the radial leads where
attached to the body are un-
insulated. Electrical character-
istics of the Axial and Radial
lead types are identical,

Old Man Centralab continues to score
a bulls eye with the millions of Fixed
Resistors that are doing duty in new
and replacementijobs the country over.
Manufacturers, experimenters, hams
and service men continue to believe

(and justly so) that Centralab’s unique method of
uniting the resistance material with the ceramic body

www americanradiohistorv com
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makes for a resistor of unusual sirength and effici-
ency under any and all conditions.
either Radial or Axial Lead . .. color coded (R.M.A.)
in convenient sizes and ratings.

Always insist on CENTRALAB,
CENTRALAB: Division of Globe Union Inc., Milwaukee, Wis.

entralab

Available in

ELECTRONICS

967



ORDER NOW

. . through the nearest
G-E office or direct from
General Electric, Radio
and Television Depart-
ment, Schenectady, N. Y.

GENERAL &) ELECTRIC




Your BEST INSURANCE Against

COSTS NO MORE to get
this Parker-Kalon Quality-Control
Guarantee iwcith every box of ...

1T

g =
AR
Hardened Self-tapping Screws
Types. sizes, head-styles for every

assembly of metal or plasties

Cold-forged Socket Screws

CapSerews,SelSerews,
Stripper Bolts madeto
: anew high standard

of quality

Wing Nuts-Cap Nuts-Thumb Screws
Cold-forged .. Neater. Stronger

Only a handful of “doubtful”
screws may lower the quality of a
full day’s output of a product.
Besides, consider how screws which
fail to function properly can slow
up production and bring up costs.

That’s why Puarker-Kalon’s Guar-
antee against “doubtful” screws -
screws that look all right but of
which a percentage fail to make
satisfactory f[astenings—is vitally
important to you. This Guarantee
is your assurance that the Parker-

A Guarantee that’s
backed by Parker-Kalon’s
Unique Quality-Control!

Kalon Screws you use have met the
rigid tests imposed by the Parker-
Kalon Quality-Control Laboratory.
From raw material through the
various processes of manufacture,
inspections and tests guard against
“doubtful” screws.

Specily Parker-Kalon and get
Fastening Devices you can depend
on to live up to the performance
promises made for them. Parker-
Kalon Corporation, 192-194 Varick
St., New York, N. Y.

SOLD ONLY THROUGH RECOGNIZED DISTRIBUTORS

uatiti- PARKER-KALON

Fastening Devices

www americanradiohietory com
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UNITED ¢
RECTIFIERS |

.f’.k-_

i8

TYPE 966A
PRICE
*1.50 =
FIVE YEARS’ LEADERSHIP IS YOUR ; 1 ~
BEST GUARANTEE OF QUALITY § A
United Rectifier; long ago met the highest rating and life claims \

3

that ar2 made today. The following points hold these famous tubes

in an exclisive classz

1. TWO TYPES TO CHOOSE FROM—Unshielded and shielded
—2ach has spedfic advantages

2. GREAT SAYING IN TIME DELAY—10 seconds initial or rou-
tine—this quality of the 966 places it in a class by itself

3. FULLY SHIELDED COMSTRUCTION—For certain applications

whzare shielding s important, type 966-A is the uncompromised TYPE 966
S_OlJﬁO'l PRICE $
4. NO EXCESS MERCURY—9646 and 966-A have measured I.zo
mercury content, presenting harmful amalgams and costly time
de ay - Ratings Both Types
X ¥ Filament volts ... ..2.5
5. LONG AND SATISFACTORY LIFE—is not merely predicted, Filament amps. . ... 5.0
it i5 a matter of history. Peak inverse voltage..........10,000
Peak plate current......1.0 ampere

Average plate current .25 ampere

UNITED ELECTRONICS COMPANY

42 SPRING SIREET e iy
= .;"'\.

ELECTRONICS — March 1941
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DESIGN
PROBLEN

The most effective use of
small tubing (max. OD 5")
involves factors which
at first glance may seem
unimportant or may be
overlooked entirely. Superior
engineers are fully conver-
sant with the metallurgical,
physical, chemical and pro-
duction problems that maust
be integrated to assure
thoroughly satisfactory tub-
ing application. Do not hesi-
tate to bring your problems
to us. If it’s small tubing,
we are prepared to help you.

6

.

L

L

L

Company fills the need of the man who puts
small metal tubing to work on paper —the
design engineer. We fit into his plan perfectly.
With our highly specialized production facil-
ities, laboratory control, and our experience
which has been concentrated in this previously
neglected field — the doors have been opened
for new tubing applications, use of new metals,
and the assurance that there is a dependable
source of supply always available. There is

L

L

practically no limit to our ability to produce

L

the exact tubing in any metal to meet your
exact specifications. Think first of Superior,
the BIG name in small tubing.

o

L

|
[“Small Tubing is our only business, and we know it.”

_ NORRISTOWN, PENNSYLVANIA

“Inconel””. SEAMLESS and Patented LOCKSEANM Cathode Sleeves.

‘“*“FOR FINE SMALL TUBING'"

March 1941 — ELECTRONICS

www americanradiohistory com



URING 4 decades, Radiomarine Corporation

of America hes grown to a pesition of pre-
eminence in rencering faithful, reliable com-
munications cver the Seven Seas. lts proud place
of Leadership will ever remain secure so long as
“men go down to the sea n ships that do busi-
ness in great waters.”

Kenyon is hovored to have been entrusted with
an impartant share of the responsbility in maxk-
ing so great a service possible.

Day by day — the name Kenyon grows l ke a
legend and cains in sta-ure wherever the great
names of Radio are gathered. Informed men
everywhere I ave come fo realize that the trade-
marks of the Leacers is the best assurcnce that
there can be no failure.

We are ever at your service.

above: famous paint-
ing by Fred J. Hoertz
of “The §.5. AMER-
ICA” which is linked
with other vessels,
ports and cities in
every part of the
world by means o
eight transmitters,
nine receivers, direc-
tion finder, automatic
distress alarm, thir-
teen antennas — ail
the products of Radio-
marine Corporation
of America.

A group of Radio-
marine telegraph
transmitters installed
on the “S.S. America.”

Interior view of
Radiomarine 200 w.
transmitter which
utilizes dependable
Kenyon Transformers
to assure trouble-free
service,

KENYON TRANSFORMER (O., INC

840 BARRY STREET ¢ NEW YORK, N.

ELECTRONICS — March 1941
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...the successor to

the famous 110A Amplifier

...now available

NEW Automatic Governor

of Program Level

Western Electric’s new 1126A
Program Amplifier brings you
an entirely new level control-
ling circuit with far faster opera-
tion. It gives you complete
freedom from overmodulation
as well as increased TRANSMIS-
SION EFFICIENCY with better
quality! By governing ever
instantaneous program bursts it
is capable of eliminating:
1. Splash or short interval adja-
cent channel interference due

to overmodulation of AM
transmitter.

2. Overswing in FM trazsmission.

3. Instantaneous overload effects
in other program transmission
systems.

Where the 110A gives 3 db, the
1126A will give 5 dEb increase
in average signal level for high
quality transmission. The 1126A
is mechanically and electrically
interchangeable with the 110A.

For information about the
many other new features that
your operators will adpreciate,
and which will pay you listener

dividends, write or cal_ Graybar.

ANOTHER GREAT
JUMP AHEAD!

Front and back
views of the 1126A.
Top Panel: 126A
Amplifier; Middle
Panel: 298A Con-
trol Panel; Bottom
Panel: 20A Recti-
fier.

DISTRIBUTORS: In U.S. 4. :GravbarElec-
tric Company, New York, N. Y. In Canada
and Newfoundland: Northern Electric

Company, Limited. In other countries: In-

ternational Standard Electric Corporation,

March 1941 — ELECTRONICS
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MILLION

POUNDS

ON THIS PIECE
OF PORCELAIN

...ALL LAPP TOWER INSULATORS INCORPORATE
THE SAME ENG'NEER'NG DES'GNSVisitorsattheLappplantare

often most amazed at this demonstration—the proof test of a porcelain base insulator with
1,500,000-1b. loading. On design test, this same unit withstood 3,000,000 lbs.

We are proud of a porcelain cone of two-and-a-half-inch wall thickness that will stand up under
3,000,000 lbs. of compression loading. But we don’t claim any magic for it. It’s merely the
application of sound engineering principles in mechanical design and in porcelain production.

Back of every Lapp development is the same kind of thinking. Products for radio transmission
include tower footing and guy insulators, porcelain water cooling systems and pressure gas-
filled condensers. Every engineer contemplating
installation of a new transmitter, or moderni-
zation of present equipment, should hear the
Lapp story.

LAPP

ELECTRONICS — March 1941
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To the Metal-Consuming Industries:

To eliminate bottlenecks in defense production,
the National Defense Commission has directed
two important requests to metal-consuming

industries:

1. Magnesium producers should allocate their
entire stocks to defense industries for the

time being.

2. Non-defense industries should give attention
1o means for veplacing aluminum in their
products with other materials . . . including
plastics.

Production experience indicates that in addition
to magnesium and aluminum, defense indus-
tries will also have increasing demands for
brass and zinc, as well as for stainless and thin

gauge steel.

At a time when national defense needs
priority metals, Monsanto Chemical Company
is placing its broad experience in plastics at
the disposal of those non-defense manufacturers
whose present product designs call for these

vital defense materials. There are ample sup-

plies of six basic Monsanto Plastics which can
be successfully used to replace cast or stamped
metals in a wide variety of large scale uses.

Already defense metals have been replaced
with plastics in cases, cabinets or housings for
business machines, radios, scales and vacuum
cleaners. Sizeable quantities of strategic metals
have been saved for national defense through
the use of plastics for kitchen utensils, flash-
light cases, cameras and many other consumer
goods items. On the production lines, as well,
plastics are bringing new advantages in speedier
manufacturing, high dimensional accuracy, elim-
ination of hand finishing operations. There is
no bottleneck in plastics molding facilities
such as already exists in many types of metal
fabricating equipment, notably screw machines.

To assist the manufacturer who is presently
using metals necessary in any degree for de-
fense work, Monsanto has prepared a special
Report on Plastics as Replacement Materials.
Your copy will be sent on request, together
with names and addresses of capable plastics
molders and fabricators.

Monsanto Cuaemicar COMPANY

PLASTICS DIVISION « SPRINGFIELD, MASSACHUSETTS

10
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“DON'T JUDGE A BOOK by its cover” is a proverb as
shrewd as it is ancient. The true worth of any volume is
found in its pages, not in the binding. So, too, with
capacitors, quality lies hidden. Look to the ingredients
always for extra value in capacitors.

EXTRA PERFORMANCE, EXTRA LONG LIFE, EXTRA
CAPACITOR VALUE THAT APPEALS TO ENGINEERS

N the hidden ingredients of Cornell-
Dubilier capacitors lies their differ-
ence. The important reason why there
are more C-Ds in use today than any
other make. It's extra quality! Finer
materials and finer engineering,

because Cornell-Dubilier, with the
broadest capacitor experience in the

industry, knows how! That's why so
many engineers demand C-Ds today
for every capacitor use. They know
Cornell-Dubilier builds in the kind of
quality — finer performance, longer
life, surviving soundness — that
means extra capacitor service.

REMEMBER! Only C-D union-made capa-
citors give you the EXTRAS at no extra cost.

— WITH CORNELL-DUBILIER CAPACITORS!

ELECTRONICS — March 1941
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Ask Yourself WHY!

Within the past five years Eimac Tubes have
moved into first place. Today they are in the
sockets of some of the most important radio
transmitters in the world. What is the reason
behind this? Perhaps it is because of the ex-
traordinary economies they bring about in
day-in and day-out operation. Perhaps it is
their unusual performance capabilities, their
stamina and great dependability . . . or per-
haps it is because Eimac tubes never fail pre-
maturely because of gas released internally
(they’re guaranteed against such failures, the
only tube on the market that carries such a
guarantee). Chances are though, you’ll find
it is not any one but all these points com-
bined that has won this recognition ... any-
way you find it, the fact remains thae . . .

In the Field of Electronics, the overwhelming trend is to

Eitel-McCullough, Inc. - San Bruno, California

You'd better investigate now. See the nearest represent-
ative or write direct to the factory

EIMAC REPRESENTATIVES

California, Nevada
HERB BECKER, 1530 W.

104th St., Los Angeles, Cal.:

N. Y., N. J., Penn., Md., Del.,
Dist. of Col.,, Maine, N. H.
R. I, Conn., Mass.
ADOLPH SCHWARTZ,
14726 Elm Ave., Flushing,

ew York.

Wash., Ore., Idaho, Mont.

GENERAL SALES CO.,,
Vernerr O. Jensen, 2605-07
Second Ave., Seattle, Wash.

Colo., Wyo., New Mexico,
Arizona, Utah
RICHARD A. HYDE, 4253
Quitman St., Denver, Colo.

Chicago, Illinols, Wisconsin
G- G. RYAN, 549 W,
Washington Blvd., Chijcago,
m.

N. Caro., §. Caro., Georgia,
Tenn., Flor., Ala., Miss.
JAMES MILLAR, 316 Ninth
St. N. E., Atlanta, Georgia.

Export Agents:
Frazar & Co., Ltd., 301 Clay St., San Francisco

March 1941 — ELECTRONICS
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Texas, La., Okla., Ark.
J. EARL SMITH, 2821 Live
Oazk St., Dallas, Texas.
Ohio, Mich., Ky., Ind.; Minn.,

Mo., Kan., Neb., lowa
PEEL SALES ENGINEER.
ING CO., E. R. Peel, 154
E. Erie St., Chicago, Ili.




GOMPARE
S| el

. h Cian®
s e
P es
corm Linear quﬁ\cief.\t.of o ¥ Yes If you require a material of low
Un'lfhermal Expension - o - dielectric loss, good electrical charac-
1 grrength - - -y - teristics and high mechanical strength,
High Ters™ - Yes we suggest that you compare any
High Compressive Strength _ - known material with ALSiMac 196.
g
o

ALSiMag 196

is one of many ArLSiMac
ceramic compositions. A new
Property Chart giving complete
and detailed physical data on all
ALSIMAaG materials will be sent
on request. ALSIMAG pieces are
custom-made in the size, shape
and form indicated by
your requirements,

Tr dlerERag US;P Ol

AMERI(!}IN LAVA CORPORATION - CHATTANOOGA » TENNESSEE

CEICAGO - CLEVELAND » NEW YORRK o ST. LOUIS o LOS ANGELES o SAN FRANTISCO « BOSTON « PHILADELPHIA « WASHINGTON, D. C.
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uiT TROUBLE IN
BETTER

DEPARTMEN

CAN'T BE SURE .-~
7 AKE WESTON 783

-

...this one multi-purpose
instrument handles 90%
of plant emergency calls!

Here’s a maintenance chief who handles “trouble” in
an efficient, practical manner. True, he has a complete
set of standard WESTON electrical instruments for
periodic maintenance checking. But on emergency
WESTON MODEL 785 calls, where quick action is needed, and where the
q . 0 cause of the trouble is unknown, he uses the WESTON
Industrial Circuit Tester Model 785 Industrial Tester...a multi-purpose in-
VOLTAGE RANGES strument with voltage, current and resistance ranges
DC-Volts—0-1/30/50/200/500/1000 volts— specifically for this service. For with the compact
20000ch el Model 785 alone, he can check motor and control cir-
G Sl LA STt s cuits ... lighting circuits...sensitive relay circuits...
1000 chms per volt 9 o . . o s
and even communications and electronic circuits. And

CURRERTIRANGES in addition to wide adaptability, Model 785 also pro-
DC Current— 0-50 microamperes, 1/10/100

il reperesy ) iammpens anaMI0ISkperes vides the ruggedness and dependable accuracy which
AC Current—self-contained ranges 0-.5/1/5/ is typically WESTON. Remember, too, that Model 785
10 amperes. {Higher ranges with an external is but one of many time-saving, cost-cutting, multi-

Svigegtiransiopmery range, multi-purpose instruments in the WESTON
OHMMETER RANGES line. Why not have all the facts? Phone your nearest
0-3000 (30,000, 913001080 Rolre WESTON representative, or write to... Weston Elec-

0-3 megohms, 0 ta 30 megohms . . .
o catanlll bafiae trical Instrument Corporation. 618 Frelinghuysen

Avenue, Newark, New Jersey.

Laboratory Standcrds . . .gre(ision DC and Specialized Test Equipment . . . Light
I AC Portables . . . instrument Transformers Measurement and Control Devices . . .
| . . . Sensitive PRelays . . . DC, AC, and i Exposure Meters...Aircraft Instruments...
Thermo Switchboard and Parel Instruments. Electric Tachtzme'ers...Diol Thermometers.

FOR OVER 52 YEARS LEADERS IN ELECTRICAL MEASURING INSTRUMENTS

»»»»»»

14 March 1941 — ELECTRONICS
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|RELAYS

A FOR R

| SPECIAL
USES

If the Dunco Catalog
Doesn’t Describe
Exactly the Relay
YouNeed ... ...
DUNCO CAN MAKEIT!

W\

W@

Dozens of standard Dunco Relay types—many of them completely or
partially assembled in stock—provide the basic designs from which
hundreds of adaptations may be obtained. Each one can be *‘tailered”
to your specifications economically, efficiently and rapidly.

Whether you require an ultra-sensitive midget relay for a temperature
control job operated from a vacuum tube, or a husky, vibration-proof
unit designed and fully tested for aviation service, Dunco has the
answer just as we have the answer for countless other applications.
Or, if you require a "'different” relay for a new or unusual application,
Dunco engineers will welcome the opportunity to make suggestions
based on an exceptionally broad experience in the relay field.

Catalog free upon request. Letus quote on yournextrelay specifications.

ﬂeomplefe, 2ualily Line— Individually ﬂdcptedfa Youwr Specéfic Needs
STRUTHERS DUNN, INC., 1326 CHERRY ST., PHILADELPHIA, PA.

ELECTRONICS — March 1941 15
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IT'S TAKEN EVERYTHING WE COULD
GIVE IT, J.G...THOSE MALLORY CONTACT
ASSEMBLIES WERE THE ANSWER /

‘U“\ \':Q;\

MATLLORY Complete Contact Assemblies
May Have the Answer for You, Too!

Years of specialization in the development
of electrical contacts have made it apparent
that often the selection of the right contact
material . . . even the proper design of the
contact itself supplies only a partial answer
to certain problems.

The composition and design of the contact
member often requires the same specialized
attention and experience in order to attain
adequate efficiency.

With a staff of experienced metallurgists
and design engineers, it is only natural that

Mallory should undertake to provide this
further service. Proper tension ... contact
attachment. . . corrosion resistance. . . sim-
plified action . . . alloy selection . . . resist-
ance reduction . . . better heat dissipation
. .. these and a host of other problems are
typical of those solved through Mallory
complete contact assemblies.

No matter what type of contact you are
using . . . be sure to have your Mallory
representative give you all the facts about
this most advanced Mallory contribution.

P. R. MALLORY & CO., Iinc., INDIANAPOLIS, INDIANA coble Address —PELMALLO
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ELECTRONICS....KEITH HENNEY

Editor... MARCH. 1941

» MISCELLANY . . . Electronics in-
dustry is now reaping the benefit of a
policy of hiring only “experienced”’” men
during the last few years. Few com-
panies had a training course; some
hired many new graduates with the
definite purpose of keeping only a few;
after the weeding-out process these men
were out of luck. Hardly a day goes
by, now, but that ELECTRONICS staff re-
ceives call for trained men, but there
are no such men.

Subscribers to MeGraw-Hill publica-
tions drafted into the service may, if
they desire, interrupt their subscrip-
tions while in service. These subscrip-
tions will carry on again after the
reader’s national defense stint is over.

The University of Illinois is planning
a radio interference conference to be
held in Urbana, Saturday, May 10.
The purpose of the conference is to
inform radio service men, radio
amateurs, public service interference
trouble shooters, and radio engineers of
the sources of radio interference and
their correction. Topies to be discussed
include the generation of combination
frequencies in a non-linear element,
diathermy interference, receiver de-
sign to minimize strong signal interfer-
ence, panel discussion on interference
between radio amateurs and the broad-
cast listeners, the adjustment of trans-
mitters to reduce spurious emissions,
reduction of appliance interference.

A slight saving in cost and a possible
improvement in tone quality may result
in manufacturing ac-de sets if a direct
connection is made between one side of

CROSS

TALK

the power supply circuit and the chas-
sis, and a few manufacturers do make
such connections. These are not eligible
for listing by the Underwriters’ Labora-
tories, Ine., since there is a very mate-
rially increased hazard to the user.

A project for the computation of
mathematical tables has been in opera-
tion by the Works Projects Adminis-
tration since January 1938. The aim
is to compute tables of fundamental
importance in mathematics, physics,
chemistry, engineering, statistics and
related sciences. Certain tables have
already been published, but the Pro-
ject is now looking for suggestions for
additional tables to be computed. Com-
munications should be addressed to
Oliver A. Gottschalk, Works Project
Administration, 70 Columbus Ave.,
New York City. Copies may be obtained
from the National Bureau of Stand-
ards, Washington, D. C.

» SYMPOSIUM . . . For quite some
time a collection of papers on “Tem-
perature—Its Measurement and Con-
trol in Science and Industry” has been
in the process of publication by the
Reinhold Publishing Co., 330 West 42
St., New York City. This results from
a symposium on the subject sponsored
by the American Institute of Physics
with the cooperation of the National
Bureau of Standards and the National
Research Council. The book will be a
monumental volume, some 1375 pages,
and with over 100 authors. The origi-
nal papers have been -edited, supple-
mented and indexed. Anyone wanting
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the last word on the subject of tempera-
ture control and measurement should
find it in this volume.

» YAHODI . . . In December ELEC-
TRONICS Anthony Lamb of Weston de-
scribed certain new fields for magnetic
relays illustrating his article with
drawing of “little men” instead of more
conventional drawings. Two letters
have been received commenting on the
use of this type of illustration. A
reader in Summit, N. J. says:

“I have read with interest the informa-
tive article by A. H. Lamb on the appli-
cation of sensitive relays in your De-
cember issue. You ask for reader’s
comments on the use of the ‘little men’
in the illustrations. I believe that the
repeated use of such devices would tend
to lower the standing of ELECTRONICS
among professional engineers. How-
ever, if your object is to produce pri-
marily a trade paper, it may expand
circulation.”

Another reader, this one in Ardmore,
Pa., states that he has a friend named
Yahodi and that this friend Yahodi, is
much upset because Mr. Lamb’s pic-
tures look like him and he doesn’t like
being taken for a ride. Mr. Lamb, how-
ever, assures us that through an over-
sight a statement was not included in
his article as published. The statement
should have read: “The characters in
these illustrations are purely fictitious.
Any resemblance to real persons living
or dead, or to Yahodi, is purely coin-
cidental.” We hope that holds Ard-
more, Pa.



Almost as fantastic as the scene it records is this battery of lights and cameras employed by Mr.
Disney for the photographic portion of his film. The double-track sound with its auxiliary control
is recorded in another place, at another time, and reproduced in the theater on a separate film

HEN stereophonic reproduc-

tion of sound was demon-
strated some time ago (see ELEC-
TRONICS, May 1940), many engineers
felt that here was a valuable addi-
tion to the technique of reproducing
sound for entertainment purposes.
But at the same time they won-
dered how it could be applied to a
practical  entertainment system.
They had heard rumors for several
months that the new system was
being applied to motion pictures.
These rumors bore fruit when Walt
Disney’s “Fantasia” appeared on
Broadway, where it has been show-
ing for four months.

18

Fantasia consists of a number of
musical selections played by a sym-
phony orchestra, recorded and re-
produced with stereophonic tech-
nique. The visual part of the pro-
gram consists, for the most part,
of a series of interpretations of the
music as visualized by the Disney
staff. The interpretations range from
a series of vari-colored lines and
curves which are induced in the
interpreter’s mind by the music, to
the telling of a complete story, such
as the “Sorcerer’s Apprentice’” star-
ring Mickey Mouse. The visual phase
of the program has no more than
passing interest to the electronics
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engineer, hence further discussion
will embrace the electronic aspects of
the system.

The sound system in Fantasia
makes use of three audio channels.
There are three loudspeaker units
in front of the audience, and to
give a further feeling of directivity
in certain parts of the program
there are a number of loudspeakers
along the side and rear walls of the
theater. The three stage speakers
are fed from separate sound tracks.
The “house” speakers are fed by
the sound tracks of the two side
stage speakers and are put into use
at desired times in the program by
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FANTASOUND

In Walt Disney’s animated symphony concert “Fantasia”, the resources of the sound repro-
duction engineer have been called upon to immerse and surround the audience with stero-
phonic sound, at times with several hundred stupifying watts of it. Herewith is the technical
story of a significant advance in sound presentation

the operator. Thus, the sound as
heard by the audience appears to
originate in more than one spatial
location. The source can be made
to shift with the action on the screen
or to fill the entire width of the
proscenium opening with different
sounds originating at different
points, as it would if a living or-
chestra were present.

In Fantasia two standard 35-mm
films are used simultaneously. One
contains the visual part of the pro-
gram and is run through a conven-
tional projection machine. The other
film contains the three sound tracks
and a fourth track which controls
the automatic volume expansion,
and is passed through a multiple
sound head which contains four
phototubes and associated circuits,
one for each sound track including
the control track. The two films
are run through their respective
machines synchronously with each
other so that the sound will be heard

at the correct time relative to the
picture.

The method of obtaining auto-
matic volume expansion is rela-
tively simple and increases the dy-
namic range of the sound system
by a very considerable amount. As
the program is being recorded each
audio channel contains a compres-
sion circuit to limit the modulation
on the sound track to reasonable
figures. At the same time each com-
pression circuit causes to be re-
corded, on the control track, a signal
whose amplitude is dependent upon
the degree of compression for that
signal. Three different frequencies
are used and during reproduction
the signal from the control track is
split three ways by suitable fre-
quency filters. Each of the three
alternating currents thus obtained
is rectified and is used to control the
gain of the three amplifiers feeding
the loudspeaker system. In addition
to the compression of the recorded

signal to comply with the limita-
tions of the recording system, the
musical director of the production
also determines the volume levels of
the signals in the three different
channels to suit his interpretation
of the music. Thus the music as

heard by the audience may be con-

siderably different from that orig-
inally played by the orchestra.

Each of the three speaker units
on the stage includes both high and
low frequency speakers to give the
program the wide frequency range
necessary in high quality sound re-
production. The high frequency
trumpet clusters are mounted on top
of the low frequency volume baf-
fles. These speakers have a maxi-
mum audio input capacity of 320
watts, quite adequate to fill a thea-
ter seating approximately 3000 peo-
ple with all the volume the audi-
ence cares to take.

Sound is also brought out into
the body of the auditorium by means

To give the audience the illusion of being immersed in the action on the screen, loudspeakers are
placed at intervals on the walls of the theater. around the audience, and fed at appropriate
times during the performance

Wwww americanradiohietory com
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Compromise reproducing system utiliz-
ing three channels in projection room

Block diagram of the reproducing sys-
tem used for reproducing Fantasia

of supplementary units of the per-
manent magnet type located along
the side and rear walls of the thea-
ter. These speakers are wired in
two circuits, one for each side of
the theater, the two groups being
poled 180 deg. out of phase with
each other. They are electrically
substituted for the left and right
banks of stage speakers by manual
operation of a simple switch thrown
by the projectionist according to cue.
No appreciable trouble from stand-
ing waves appears to result; what-
ever dead spots may be created
are possibly masked by the simul-
taneous operation of the center bank
of stage speakers.

The house speakers give the audi-
ence the sensation of being in the
action, with sound coming from all
around them. The enormous audio
output of 320 watts imparts convine-
ing realism to the scene showing
a volcanic eruption. Both realism
and dramatic value are enhanced
by a volume range of 75 db, of

20

which 25 db is recorded in the sound
tracks and 50 db more made avail-
able by the action of the automatic
expander circuits. The audible source
of sound shifts from side to side
of the screen on appropriate occa-
sions. For orchestra reproduction,
the sound appears to come from the
full width of the stage with the
different instruments located as they
would be in reality. The three re-
sults last mentioned are impossible
with ordinary theater equipment
and recordings; the first two have
never before been used in commer-
cial motion picture work.

For production of the quadruple
push-pull record, the first step was
to make eight simultaneous record-
ings of the Philadelphia Symphony
Orchestra under the baton of Leo-
pold Stokowski. The orchestra was
divided physically into six sections
—violins, cellos, violas, brasses,
wood-winds and percussion instru-
ments. Each section was grouped
around its own microphones. Branch
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lines from each of these six record-
ing channels were also fed into a
mixer, and the mixer output re-
corded as a seventh track. The eighth
track was obtained from a micro-
phone located at a distance, which
picked up the sound of the orches-
tra as a whole. The arrangement
is shown in the block schematic on
page 21, which includes one complete
recording channel (across the top
of the diagram). Six such chan-
nels were used, the output from each
being carried to its own recording
machine, to the mixer at the left of
the diagram and also to the monitor
mixer at the right. The close-mix
recording (the seventh) channel is
shown connected to the mixer at the
left. The eighth, or distant pick-up
channel, is not in the drawing.
The eight tracks thus made were
combined into three sound tracks
through mixing and re-recording un-
der the direct supervision of the con-
ductor, whose judgment also gov-
erned the respective levels of the
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three control frequencies recorded
on the control track.

The schematic on page 20 shows
the theater reproducing system used
for Fantasia. The three control fre-
quencies derived from the fourth
track on the film are separated from
each other by filters and rectified in
the control rack drawn at the left
center of the diagram. Although the
maximum simultaneous output
power of the three channels is shown
as equal to 360 watts the amplifiers
were held down to a total of 320
watts in practice.

A number of the ‘“Fantasound”
systems have been built, and are
being installed in theaters through-
out the country on a temporary
rental basis for the showing of Fan-
tasia. They will be moved from
theater to theater with the film.
The necessity for using a separate
film for the sound tracks, and the
cost of this reproducing equipment,
have led to efforts to obtain the
same results (or some approach to
them) through simpler means.

Rival Systems

A rival and much simpler arrange-
ment is now being used at the Strand
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in the Strand Theater.
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as used in the Philadelphia Academy of Music
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Theater, New York, for the show-
ing of Warner Brothers’ pictures.
The arrangement requires only a
single film (which carries a control
track as well as a sound track) and
only two amplifying channels. It
does not yield all of the results ob-
tainable from the more elaborate
arrangement.

The control track is so designed
that the sprocket holes are utilized
as a source of 96-cvcle current
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through a separate phototube. A
simple variable-area record is placed
between the sprocket holes. When
this area is entirely opaque the 96-
cycle signal is at maximum strength;
it is at minimum strength when the
area between sprocket holes is en-
tirely translucent. The soundtrack
on the same film is entirely con-
ventional.

Since this arrangement has only
a single sound track it cannot pro-
duce different sound from different
sources simultaneously; nor can it
produce sound from one side of the
screen only. It does possess the
advantages of expansion, and of util-
izing the entire width of the pros-
cenium opening as a source of sound,
but in this case the sound heard
from any point is identical in nature
with that heard from any other
point.

A compromise arrangement is a
system which uses three channels in
the projection room, two sound
tracks and a control track, but needs
no separate reel of film for the sound
record and no separate sound heads
for its reproduction. The two sound
tracks are each half the ordinary
width; theyv are located side by side
in the usual sound track area and
reproduced by a dual phototube. One
side of this tube excites the channel
leading to the central speakers, while
the other supplies sound to both the
side channels.

Some details concerning this ar-
rangement have not been revealed
and are understood not to be fully
decided. The control track is located
in the sprocket hole area; it consists
of three pure-tone frequencies, but
the method of dealing with the 96-
cycle result of sprocket-hole modu-
lation is still under consideration.
Band-stop filters have been men-
tioned in this connection, but there
is also some hint of an entirely new
development of film recording which
will embody the principle of fre-
quency modulation.

Recorder
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Muscular Paralysis Caused
by Electric Currents

The values of electric current at which muscular paralysis occurs in humans have been in-

vestigated in this important study. The frequency was varied from direct current to 10,000

cps. checking the threshold of muscular non-control for a large number of subjects

By CHARLES F. DALZIEL

University of California

and JOHN B. LAGEN

University of Culijornia Mcdical School

HE danger from electric shock

is self-evident when one con-
siders how small are the electric cur-
rents which can be withstood with
impunity. There is a natural tend-
ency for man to overlook his frailty
and take chances he would never
consider if he gave the matter a
moment’s thought. Other important
factors which are often responsible
for fatal accidents are ignorance,
carelessness, and the tendency for
familiarity to breed contempt. The
latter may assume increased sig-
nificance in cases where the rated
output of the equipment is low.
These reasons are also believed
applicable in explaining the many
recorded fatalities on ordinary 115-
volt lighting circuits. Perhaps an
effective method of emphasizing the
necessity for continued caution when
handling energized circuits is to
consider the currents that man can
release by the use of his muscles
only. Details of extensive experi-
ments conducted at the University
of California by the authors have
recently been published.”*

Tests were made to determine the
threshold of musecular non-control,
or the let-go current, of a group of
normal men on direct current and
on alternating currents from 5 to
10,000 cps. In these tests the sub-
jects grasped and released a con-
venient length of No. 6 copper wire,
The circuit was completed by placing
the other hand or foot on a flat brass
plate. This was done in the inter-
est of safety and permitted the sub-
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Let Go Current, Milliomperes

Fig. 1—Curve showing the threshold of non-control of mus-
cular activity, or let go current, for currents at 60 cps

ject to break the circuit at any time
he desired. With the subject grasp-
ing the wire, the current was gradu-
ally increased to permit him to be-
come familiar with the sensations
and muscular contractions produced
by the current. After one or two
preliminary trials, the current was
increased to a predetermined value
and the subject was told to drop the
wire. If he succeeded, the current
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was increased to a higher value and
the test repeated. The current values
were gradually increased until the
subject could no longer drop the wire
due to the muscular contractions in
the hand and wrist. Several trials
were made to determine the let-go
current with certainty and the num-
ber of trials per day were limited to
minimize the effects of fatigue.

The results of tests made on 114
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men using commercial 60 cps alter-
nating currents are shown in Fig. 1.
Because of the greater practical im-
portance, a larger number of men
were used at this frequency than in
the other tests. The results of simi-
lar tests indicated that the let-go
current was independent of the
electrode size, moisture on the hands,
and the current pathway through the
body. The possibility of developing
immunity to electric shock was in-
vestigated by repeated trials on suc-
cessive weeks. It was concluded that
the slight increase in the let-go cur-
rent during the nine week test period
was insignificant from a practical
viewpoint. The effect of waveform
was also investigated and it was
found that muscular response was
proportional to the peak or crest
value of the current and not the
effective value. However, to avoid
confusion, effective values were used
in preparing the curves.

Tests on 28 subjects were made
using direct current. Steady direct
currents produced sensations of in-
ternal heating rather than severe
muscular contractions. Noticeable
muscular contractions were produced
by sudden changes in current magni-
tudes and severe shock was ex-
perienced when the circuit was in-
terrupted. In contrast to the tests
on alternating current, no subject
had difficulty in releasing the test
conductor. The maximum values
obtained were termed release cur-
rents and represent the limit of
physical endurance rather than the
limit of muscular control. Test
values for the group varied from 61
to 83 milliamperes.

For tests on other frequencies the
number of subjects in a group varied
between 25 and 30. For frequencies
less than 60 cps, two alternators
mounted on the same shaft were
driven at the proper speeds to
generate 5, 10, and 25 eps. The ma-
chines were connected in series and
the stator of one was shifted with
respect to the other to minimize har-
monics in the output. For the higher
frequencies, a beat frequency oscil-
lator, power amplifier and vacuum
tube measuring instruments were
used, and let-go currents were ob-
tained for 180, 500, 1000, 2500, 5000,
and 10,000 cps. The wave form was
constantly monitored using a cath-
ode ray oscillograph, and the equip-
ment was adjusted to maintain a sine
waveform for all load conditions. A
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curve of experimental points and a
normal distribution curve similar to
that of Fig. 1 was prepared for each
frequency. The let-go current curves
vs frequency shown in Fig. 2 were
then constructed from the data
obtained on the various frequencies.
Direct-current values were also in-
serted in an attempt to give a graphi-
cal picture showing the range cov-
ered in the investigation. The curves
indicate that there was considerable
variation in a group as to the let-go
current of an individual. some hav-
ing much higher values than others.
However, this is not particularly
significant when one compares the
maximum let-go currents with the
amount of current likely to result in
accidental contact, especially when
the chief current limiting factor is
body and contact impedance. It is
interesting to note the relatively
high values obtained on direct cur-
rent in comparison with those on 60
cps. It is apparent that man is most
sensitive to currents of the usual
power frequencies.

The ultimate aim of this research
is prevention of accidents. Inves-
tigation and analysis of many fatali-
ties indicate that ignorance or the
lack of appreciation of the hazards
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by the victim, his family, or his as-
sociates is responsible in innumer-
able instances. Certainly one of the
most practical and effective methods
of reducing the accident rate is edu-
cation and a better understanding of
the dangers which accompany the
use of electrical machines and ap-
paratus. It should be emphasized
that extreme caution must be exer-
cised when working equipment
“hot”. In accidental contact, seri-
ous results may be expected from a
firm grasp once established on an
electrified object if the currents are
above the individual’s let-go value.
Although in many cases an indi-
vidual may release himself by using
muscles little affected by the current,
or may aid himself using body
weight, interruption of the current
is problematical and values in excess
of the victim’s let-go current must
be considered dangerous. It is much
better to be safe than sorry, espe-
cially when human life is at stake.

1 Electric Shoeck. by Charles F. Dalziel
John B. Lagen, and Joe L. Thurston. A.I.E.E.
Paper No. 41-7. Presented at the A" F.E.
Winter Convention, January 28, 1941, Phila-
delphia, Pennsylvania and scheduled for pub-
lication in A LE.FE. Transactions.

2 Effects of Electric Current on Man. by
Charles P. Dalziel and John B. Lagen. Elec-
tricill Engineering, Vol. 60, No. 2, February,
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ELECTRONICS APPLIED

Mechanical details of the register conirol: F, cork feed rolls; T, grid-

circuit timer poinis; P, plate circuit points; C, cam for correction; L, lever

driven by C: CH, hand wheel for correction adjustment; PH, wheel for

adjusting permanent feed; R, ratchet driving S: S, spur wheel driving
D; D. differential gear

FOR the last twenty-five years
there has been a continual in-
crease in the demand for practically
all types of goods, household and
otherwise, to be put up in individual
containers rather than in bulk and
this, in its turn, has led to a de-
mand for the use of an individual
printed design for each unit.

In the past an “overall” or closely
repeated design was used but this
was largely due to the expense in-
volved in producing a printed de-
sign registered with the edges or
panels of the package. In such cases
where the design was registered the
common practice was to use printed
stock which had been cut into sheets
before these were used on the pack-
age wrapping machine.

To produce these individually

24

printed sheets the paper manufac-
turer could either use a flat bed
press which prints each sheet sep-
arately or a rotary press which
prints the paper in a continuous
web. This latter method necessi-
tated cutting up the continuous web
into individual sheets before they
could be used on the wrapping ma-
chine. This was generally accom-
plished on a separate unit or sheet-
ing machine. With these sheeting
machines a separate operator was
required to work a manual control
mechanism which would cause the
paper to be cut in the right place
and, as might be imagined, watch-
ing a continuously running sheet
was a tiring process. About three
hours seems to be the stint during
which an operator can maintain
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By E. F. CORNOCK

Package Machinery Company

good efficiency, so that at least two
people are required to alternate.

Purely normal errors in human
observation of the moving printed
web required frequent correction in
the length of paper fed to maintain
the printed matter in the right place.
These changes in the length of
paper cutoff led to a further opera-
tion.

After the paper had been cut into
sheets they generally had to be
trimmed to the required size, for
it will be recognized that sheets of
varying size could hardly be piled
in a stack for use on a machine.
This trimming was an added ex-
pense, but was endured for many
years while paper or paper-backed
foil were the most common wrap-
ping materials. When cellophane
came into such widespread use a
further problem confronted both the
wrapping machine manufacturer and
the users of this and similar materi-
als. In the trimming process the
sheets block together making the
separation of the sheets difficult and
practically necessitating the use of a
continuous roll of printed web on
the machine. This same problem of
separation frequently arises in hard
surfaced papers where the ink is
slow to dry, causing the sheets to
stick together.

If the printing and folding are
both done on the same machine, it
is a comparatively simple mechan-
ical problem to cut the final printed
sheets in the correct place, just as is
done on a newspaper press. Where
the printing is done on one machine
and wrapping is done on another,
frequently many hundred miles
apart, there is a new problem in
keeping the printed matter in reg-
ister with the cutter.

The Register Problem

Almost all materials are affected
to some extent by atmospheric con-
ditions, particularly humidity, and
will shrink or stretch accordingly.
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TO PACKAGING MACHINERY

Therefore it may happen that the
distance between the printed im-
pressions on the web has changed
considerably by the time the roll of
stock is used. This change in length
must be recognized by the wrapper
feeding means on the wrapping ma-
chine and correction made accord-
ingly.

The web feeding means on the
wrapping machine is generally a
combination of metal, rubber or cork
rolls that pull from the roll of stock
and deliver the web to a cutting
device. Such feeding means are
prone to error. If a ten-inch length
of feed is required and the feed
rolls deliver ten inches plus one
one-hundredth inch error, then in
one hundred sheets the design is
one inch out of place. Add to-
gether any error made in the print-
ing, any shrinkage or stretch of the
sheet and any error in the feeding
of the web and quite a large total
error may result. It must also be
noted that these errors are cumu-
lative so that if there is a total
error of two one-hundredths inch
per sheet, then in one thousand
sheets the error has amounted to
twenty inches. Therefore, some con-
trol must be exercised over the feed
of the web to maintain the cut in
the proper register.

Intermittent ps Continuous Feed

Basically there are two ways in
which the wrapper may be fed. It
may be fed out intermittently and
cut off, or it may be fed continu-
ously and cut off while still running
at full speed. In the first method
the problem is generally of place-
ment only. The wrapper is fed out
and brought to rest before it is cut
off, and while it is at rest it may be
observed to see if it is in the correct
position. On continuous feed, the
problem is one of timing the arrival
of the printed matter with the time
of cutoft.

As the intermittent paper feed is
the simpler this is the first one that
will be described in a little more
detail.
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The electronic elements of the register control: A, rectifier tube; B, thyratron tube:
D, pentode tube; E, sensitivity adjustment; K, main switch and time delay switch;

LT, light source transformer; I, position indicator.

The other letters refer to the

mechanical gear and correc.ion system illustrated on the opposite page

The roll of wrapping material is
placed in a convenient location on
the machine and from here the sheet
is led over a slackener device which
will maintain a more or less con-
stant tension on the web as the feed
rolls pull it out. The feed rolls
themselves are driven by means of
a jam-roller type of silent pawl
which can transmit a crank motion
into an intermittent rotation of
these rolls. The advantage of the
jam-roll type of pawl is not only
that it is quiet, but particularly that
it can give a very accurate feed be-
cause it is not dependent upon any
ratchet tooth spacing. If nicely
made and with fine limits of accu-
racy it can pick up and nip almost
instantaneously. Presuming a crank
is used to generate the motion, the
crank pin can be connected to a
lever by a link, producing an oscil-
latory motion of the lever. This
lever will have a constant throw but
if this lever is tied to a second lever
by a spring, then some form of stop
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or lateh can be thrown in to shorten
the stroke of the second lever. From
the second lever a rotary motion
can be imparted to the jam-roll unit
by means of a rack and pinion. When
no stop is in the way of the second
lever it can impart maximum rota-
tion to the jam-roll unit and hence
to the feed rolls, but when the stop
is introduced the swing of the lever
is shortened and hence the feed rolls
rotate slightly less, thereby short-
ening the feed. The jam-rolls are
used purely to translate a reversing
rotary motion into a uni-directional
rotary motion and from then on may
be forgotten. We now have a means
of varying the amount of rotation
of the feed rolls and all that is re-
quired is to observe whether the
printed matter on the sheet is in the
correct location and if it is not, to
correct accordingly.

To make this observation a photo-
tube is mounted behind the web and
a light source is placed on the other
side of the sheet. Either a part of
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the printed design itself or a “spot”,
printed on the sheet at the same time
as the design, is used to cover a
narrow aperture in front of the
phototube.

While the feed rolls are rotating
and delivering the sheet, a pair of
contact points are kept open, thereby
preventing any reaction from the
phototube amplifier unit, but when
the sheet has come to rest these
points close and complete the cir-
cuit. If the printed spot or design
covers the aperture and prevents
the light from falling on the photo-
tube, then no reaction will take place.
But if the sheet has fallen back
so that the spot does not exclude
the light, then reaction will take
place and a correction should be
made. This is done by a phototube
amplifier which operates a magnet
or solenoid which in turn throws
the latch which controls the stroke
of the second lever mentioned previ-
ously. It is now standard practice
with the Package Machinery Com-
pany to adjust the length of wrap-
per fed by the feed rolls so that
it is just less than the average dis-
tance between the printed impres-
sions of the design. In this way
we are assured that the printing
steadily falls back so that correction
need be made only in one direction
—forward.

In high speed web feeds handling
long lengths of sheets, it is advis-
able to use a two-way correction
so that the feed may be made longer
or shorter as required. It is of
interest to note, however, that Pack-
age Machinery Company equipment
successfully operates at speeds as
high as twelve hundred sheets per
minute using one-way correction
only. This high speed work is done
with continuous web feed.

When one-way control is used the
printed design is always hunting.
Due to the short feed it drops back
a pre-determined amount until the
aperture is not covered by the spot
and then the sheet is given a boost
forward a definite amount when the
correction is made. It will be noted
that the correction is made in the
next feed after one sheet has been
observed slightly out of place. In
practice the hunting is limited to a
very small amount and the width of
the aperture, which actually controls
the accuracy, is held as low as one
thirty-second of an inch.

With the intermittent paper feed
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Mechanical feed system employing a drive crank operating through a rack and

pinion connected to the feed rolls.

The magnetic solenoid operates the trip latch

whenever the feed gets out of register

the time for observation is compara-
tively lengthy so that ac may be
used throughout the phototube cir-
cuit. Ac can be supplied to both the
grid and the plate of a thyratron
so that the phase relation between
the grid and the plate voltage de-
termines the point in the eycle at
which current begins to pass. The
phototube acts as a phase-shifting
device in conjunction with a capaci-
tor, thereby causing the grid to be-
come positive during the time the
anode-cathode voltage is above the
breakdown voltage across the tube.

Continuous Feed System

So much for the slow speed ma-
chines which use the intermittent
paper feed.

On the machines where the paper
feed runs continuously the means of
control is entirely different and, as
mentioned previously, is a matter
of timing.

On a wrapping machine it is nat-
urally necessary to synchronize the
various operations and this in its
turn means that the arrival of the
sheet at the station where it is to
be folded around the article to be
wrapped must have a definite time
relation to the machine cycle. The
cutter is driven one-to-one by the
machine and the time of arrival of
the spot must, therefore, be posi-
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tively tied up to the time at which
the sheet is cut. Due to this fixed
sequence of operations the arrival
of the spot must be controlled to
the cutter of the machine and not
the cutter controlled to the spot.

Of course the cutting time could
be varied but this in its turn would
require that the arrival time of the
sheet at the wrapping station would
have to be variable and obviously
the choice of only one variable is bet-
ter. The point of this explanation is
that the position of the sheet at the
time of cut must have a definite rela-
tionship to the machine time, or, as
expressed above, it is a problem of
timing the arrival of the printed
matter with the time of cutoff.

Assume that a sheet 12-inches long
is required at a speed of one hundred
sheets per minute, also that the
register spot is one sixteenth inch
wide. We have then a paper velocity
of 1200 inches per minute, or 20
inches per second. The time taken
for the spot to pass a fixed line is
1/320 second. The phototube equip-
ment must be capable of completing
its cycle within that time plus a good
safety margin. In addition the pho-
totube must respond in such a form
that some mechanical device can
make use of it. It is here that we
find the immense value of the hot
cathode thyratron.
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Once this tube has been “fired”
it continues to pass current until
the plate circuit is broken, and this
“holding” action allows time for the
mechanical parts to come into oper-

ation. The actual firing control,
however, 1is practically instanta-
neous.

On the continuous type of web
feed the sheet is cut off while still
in motion by means of a rotary
knife. The web feeding means are
a set of feed rolls but in this case
a differential gear is inserted into
the paper feed drive. Picture the
planet wheels of the differential be-
ing carried by the outer case of
the complete unit. The main drive
is applied at one end through the
central shaft at that end and trans-
mitted through the sun and planet
wheels to the other central shaft
at the opposite end. If the outer
case is held still, the sun and planet
wheels act as a regular train of
gears. Once the outer case is ro-
tated, the differential action comes
into play and the amount of rota-
tion of the output shaft is either
increased or decreased depending on
the direction of rotation. The paper
feed rolls can be pictured as being
mounted on the output shaft end,
hence the amount of paper fed can
be increased or decreased by rotat-
ing the differential housing, and
this can be done while the rolls are
running. We have, then, a means

r
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for adjusting the length of feed
while the web is in full flight. All
we need is a cam motion to operate
a lever which will rotate the outer
casing of the differential by a ratchet
and pawl. This cam can be made
to run one-to-one with the wrap-
ping machine so that at each cycle
it is possible for the paper length
to be increased. If a timing means
is supplied a phototube can observe
to see if the spot arrives on time,
and if it does not, a correction can
be made.

Again it should be mentioned that
after considerable experience and
experimentation Package Machinery
Company has adopted as standard
the scheme of feeding the wrapper
shorter than the average distance
between the printed designs and
feeding added length to correct the
position when required.

The timer used is simply a pair
of automobile timer points, run-
ning one-to-one with the machine.
If the printed design is in correct
register then at the instant the spot
cuts across the aperture above the
phototube the timer points are open,
the circuit is not completed and no
correction is made. If the spot is
out of position it must be late in
arriving over the aperture because
the normal feed is slightly short.
When the spot is late on arrival
the timer points are still closed so
that the circuit is complete and a

PHOTOCELL
AMPLIFIER
UuNIT

/

SOLENOID
-— OR
MAGNET CoIL

THYRATRON PLATE
POINTS

BOTH DRIVEN FROM
SAME  CAMSHAFT

Photoelectric scanning system for operating the magnetic solenoid.

Periodic

interruption of the grid and plate circuits through the timer points causes the
thyratrons to operate in conjunction with the impulse from the phototube amplifier
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magnet or solenoid can be energized.
Briefly the sequence is as follows:
When the spot is on time the points
have opened the instant before
the spot cuts the light beam. When
the spot is late the points have not
yet opened at the instant the spot
cuts the light beam.

With such a form of timing it is
necessary to operate the tubes on dec.
The observation by the phototube
is, therefore, instantaneous and as
has been noted earlier, the firing
of the thyratron is also instanta-
neous, but once fired it maintains its
flow of current even after the spot
has passed and light is again falling
on the phototube. This allows al-
most one complete cycle of the ma-
chine for the mechanical correction
to be made.

If a correction is required the cur-
rent passed by the thyratron is used
to energize a solenoid or magnet
which in turn throws a latch. This
latch being out of the way, the cam
lever can follow the cam and rotate
the differential casing. If the spot
is on time the magnet is not ener-
gized and the latch prevents the
cam lever from following the cam
and no correction is made. It is,
however, necessary to open the thy-
ratron plate circuit each cycle of the
machine to permit the grid to regain
control, so that a second set of points
is required. Once again, automobile
timer points are used and as the
firing and the breaking of the plate
circuit have to maintain the same
relationship the two sets of points
are arranged as one unit. If for
any reason the position of the cut
has to be changed in relation to the
printed matter, this is easily done
by rotating the complete timer unit
the desired amount. This method
has the great advantage that the
timer unit can be rotated the full
360 degrees permitting the cut to be
made anywhere along the sheet.

Choose Spot Color Correctly

The sensitivity peak of the cesium-
oxide-silver tube used is in the deep
red end and causes the response to be
particularly interesting in connec-
tion with paper registration. In the
case of one application, in which the
phototube unit was nominally oper-
ating on a decrease of light due to
a spot of red ink intercepting the
light beam, it was actually discov-
ered that the output of the photo-

(Continued on page 82)
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Receivers for the Tropics

Although manufacturers of radio receivers have for years taken precautions with equipment

designed for tropical climates, the problem remains far from solved. The author, an American

living in Panama, reviews the situation and makes pertinent suggestions

WELBY E. STEWART

Assistant Radio Engineer, Panama ir Depuot

ECEIVERS sold in the tropical

Americas are advertised, al-
most without exception, as being
“tropic-proofed”, “built for the trop-
ics” or “specially treated against
hhumidity”. It would seem that these
receivers could be expected to give
a reasonable life to their purchaser.
But, an inspection of the long rows
of receivers awaiting repair in serv-
ice shops contradict this assumption.
Observation indicates that “tropic
proofing” may consist of anything
from an extra coat of varnish on
the cabinet to a sincere job of im-
pregnation against moisture, heat
and insects.

To study the use of receivers and
the cause of their failures in the
tropics, it is necessary to look to
the weather conditions encountered.
None of the wide variety of climates
found in the United States closely
approximates those found farther
south. Hence, few radio designers
in the United States have a clear
conception of the climate and its
effect on radio equipment.

The area covered by what is gen-
erally known as tropical America
naturally embraces a wide variety
of climates, but the greater portion
of this region is warm and very
humid. Colon, at the Atlantic en-
trance to the Panama Canal, experi-
ences some of the most severe con-
ditions of humidity to be found in
the whole region. Hence, it is an
excellent place to observe the action
of the climate on radio equipment,
and the notes below are largely
based on experience in this locality.

Colon, in common with nearly all
of tropical America, enjoys a wet
and a dry season. During the dry
season, of about three months, there
is a brisk trade wind from the Carib-
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bean Sea. The rains are few and
light. The sun shines much of the
time, and the temperature does not
vary greatly from its mean value of
80 degrees F., but the humidity
stayvs at a comparatively high figure.

During the wet season, the trade
wind drops to a light and variable
breeze. It rains frequently and
hard, an average of 128 inches fall-
ing each year. The sun shines in-
frequently. The temperature sel-
dom varies more than five degrees
from the mean value of 80 degrees
F. The humidity continues very
high. The relative humidity vre-
mains high even during the dry
season. The most marked quality

Tropic Radio Field

“EXPORT OF radios to Latin
America have grown smaller, de-
clared W. A, Coogan, foreign sales
manager for a United States radio
manufacturing concern, on July
18th, on his return to New York
City from a tour of the field which
took him well through Central and
South America. This is due, he
thinks, because American makers
of radios fail to produce sets es-
pecially designed to withstand
tropic weather conditions, adding
that some of the South American
countries have rgsorted to their
own ingenuity in overcoming the
defects, In parts and accessories,
he says, the trade was as brisk
as ever.

“Now if such a report was
turned in to European manufactur-
ers. whether radios or anything
else, an inquiry would be set on
foot promptly to supply what was
lacking. Whether the American ra-
dio manufacturers will act on Mr.
Coogan’s hint or not remains to
be seen. But they should if they
hope to hold the trade when the
race for business is again on.”"—
Quoted from an editorial in Star
and Herald, Panama.
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of the temperature is its monotonous
constancy. Most of the failures in
broadeast receivers may be attrib-
uted to the high humidity. As men-
tioned above, the conditions in Colon
are near the extreme. A study of
Central America and northern South
America reveals that the coastlines
and much of the interior experience
a similar climate. Only where com-
paratively high altitudes are en-
countered is the climate drier and
more temperate. In general, where
the humidity and rainfall are less,
the temperature varies more. How-
ever, the temperature seldom varies
anywhere in this region as widely
as 1s expected in any part of the
United States.

A study of population densities
indicates that the greater portion of
the people living in these areas live
in the tropical zones rather than in
the higher, drier places. There are
notable exceptions to this state-
ment; for instance, Bogota, the cap-
ital city of Colombia with a popula-
tion of 350,000, is at an altitude of
8,600 feet and has a moderate cli-
mate. Nevertheless, a radio re-
ceiver shipped to the Latin Americas
has a very good chance of being
used under extremely humid condi-
tions.

One other special condition might
be mentioned. In Colon, Panama,
and its twin city Cristobal, Canal
Zone, the entire population of forty
thousand lives within a half mile of
salt water. A large portion of the
receivers are within reach of the
fine salt mist thrown up from the
sea when a heavy breeze blows. The
tropical custom of building houses
without glass in the windows leaves
many receivers vulnerable to this
additional corrosive agent. Since
the islands and countries surround-
ing the Caribbean abound with port

(Continved on page 66)
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MEASURING THE PUBLIC TASTE

By means of a recording instrument attached to the shaft of the tuning condenser ol a radio

receiver, the listening habits of a family can easily be determined. The Nielson Radio Index

uses this method to find out what people listen to, when, and how long.

The Audimeter recording unit is placed inside the cabinet of the re-

ceiver and is connected mechanically to the tuning condenser by a stiff

wire. The displacement of the recording stylus across the tape is

directly related to the tuned frequency. The motion of the tape pro-
vides a record of the time each station is tuned in

AR,

Sufficient tape is provided for a full month’s record of
the operation of the receiver. This record gives a
minute by minute history of what programs were lis-
tened to, when they were tuned in, when ttey were
uned out, and when the receiver was turned on or off

(Above) The wire connecting the Audimeter to the con-

denser is controlled by a cam attached to the condenser

shaft. As the shaft is turned the wire moves longi:udinally
and changes the displacement of the recording stylus

Each record is decoded by comparison with a calibrated

tape and the information is transferred to a perforated

tabulating card. The curve at the top is a timimg curve

with a cycle of five minutes to obtain the length >f listen-
ing periods
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THE SOLOVOX

For less than two hundred dollars, the music enthusiast can now add to his piano a simple

electronic music generator, with an auxiliary keyboard on which he may plav solo passages

with the right hand while accompanying with the left

By FREDERICK D. MERRILL, Jr.

OR many years there has been a
need for a really small, compact,
portable musical instrument which
would permit single tone solo per-
formance with versatility of timbre,
pitch range and tone envelope. Al-
though such a device would prefer-
ably use a standard keyboard play-
ing technique, conservation of width
necessitates cutting down the num-
ber of keys. Early commercial mod-
els in this field received scant atten-
tion because either a new playing
technique had to be learned or the
range in timbre was too limited.
The Solovox manufactured by
Hammond Instrument Company rep-
resents a new approach to this prob-
lem. Although it may be played in-
dependently, the combination with
a piano is particularly appropriate
because the organ quality furnishes
a pleasing contrast to the percussive
attack of the piano strings.

General Principle of Operation

The principle of operation resem-
bles that of the Novachord (ELEC-
TRONICS, Nov., 1939) in some re-
spects. A single master oscillator
feeds into a cascaded series of fre-
quency dividing circuits. Unlike the
Novachord, however, the master os-
cillator frequency is varied accord-
ing to the key being depressed. For
this reason only one tone may be
played at a time and chords are not
possible except where these fre-
quencies are related by octaves. The
frequency dividers themselves are
really controlled oscillators and not
simply frequency divider tubes as in
the Novachord. Tuned resonant or
“formant” circuits provide a wide
range of timbre. The attack or en-
velope is regulated by the grid bias
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Mr. Laurens Hammond, right, displays the interior of his Solovox in the Ham-

mond Laboratories.

The tone-generating circuits are housed in a shallow

cabinet which fits under a grand piano or at the side of an upright

variation of the control tube when a
key is depressed. There are only
three octaves of keys available but
nevertheless six octaves in pitch
range are present since five divider
oscillator tubes operate. This rep-
resents a spread of 65.4 to 3951 cps.
The register controls (bass, tenor,
contralto, soprano tablet switches)
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choose the desired range or ranges
of frequency at which the instru-
ment operates. The block diagram
outlines the functions of the various
sections of apparatus.

The Generator Section

The frequency of the master os-
cillator is adjusted to any of the
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Views of the auxiliary keyboard and tone

selecting tablets. Since only one master

oscillator is used, only one note may be
played at a time

twelve chromatic tones of the high-
est octave range of the instrument
(2093 to 3951 cps) by depressing

any of the 36 keys. The actual oc-
tave pitch at the loudspeaker may
be the same as the master oscillator
or one or more octaves lower, de-
pending on the number of divider
stages chosen jointly by the key oc-
tave position and the register con-
trol.

The first controlled oscillator
(buffer) is stabilized by the master
oscillator and operates at the same
frequency. Each succeeding tube is
essentially a frequency dividing os-
cillator unit and its output tone is
consequently of one-half frequency.
In all there are six tone outputs
separated by octave intervals always
availuble.

The second controlled oscillator is
tuned to approximately one-half that
of the frequency of the buffer os-
cillator. Its frequency is stabilized
to be exactly one-half that of the
buffer oscillator by applying a “lock-
ing” signal from the buffer oscil-
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lator to its grid circuit through a
potentiometer. These controlled os-
cillators are of the relaxation type
and their frequency may be adjusted
by altering the grid bias. Thus, all
the controlled oscillators are tuned
simultaneously to their approximate
sub-octave frequencies by employing
tuning resistors (in parallel with the
master oscillator tuning condensers)
for the appropriate gridebias. The
amount of bias varies with the dif-
ferent keys.

The oscillators all operate at their
top pitches when no key is depressed.
When a key other than B is de-
pressed, all oscillators simultane-
ously shift to the frequencies corre-
sponding to the key. The master
oscillator is accurately tuned by the
tuning condensers and the controlled
oscillators by the tuning resistors.

The particular oscillator output
which the loudspeaker reproduces is
determined by a second contact un-
der each key, called the control con-
tact. Three relays are connected to
the respective control contacts of
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the keys in the separate upper, mid-
dle, and lower octaves. Each relay
has a contact to connect the grid of
the preamplifier tube to the desired
oscillator through the register con-
trols. For example, if the *“So-
prano” control is actuated, and the
G key in the middle of the keyboard
depressed, then the tuning contact
under the key will tune all the oscil-
lators to the G tones of the various
octaves and the control contact will
operate the middle octave relay. This
relay completes a circuit from the
output of the second controlled os-
cillator through a register control
resistor to the middle octave relay
contact, and then to the preamplifier
tube. Thus, the register controls
shift the pitch range of the keyboard
as a whole to four different positions.
In addition, by simultaneously de-
pressing two or more of these con-
trols, a composite tone will be heard
consisting of the outputs of several
oscillators sounding simultaneously
in their octave relations.

Other contacts associated with
each of the relays serve to prevent
undesirable tones from occurring
when two keys are depressed simul-
taneously in adjoining groups. If
two keys are depressed within one
of the three octave groups then the
lowest pitched of the two will be
automatically selected for sounding
through the speaker.

There are two main divisions to
the timbre control methods. First
there is a “mute” tube which oper-
ates nonlinearly to suppress the
sharp curvature of the input signal
waveform, and thus weakens the
higher overtones. When this more
mellow timbre is not desired, the
mute switch is used to by-pass the
signal around the tube.
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The second section of the timbre
control circuits alters the frequency
characteristics of the amplifier. The
“Deep Tone” switch allows a con-
denser to by-pass the highs. The
“Brilliant Tone” switch connects an
inductance between high side and
ground so as to furnish a compara-
tively low impedance path to ground
for the low frequencies, resulting in
their removal from the following
stage. “Full Tone” retains both the
high and low frequency components.
The “First Voice” and “Second
Voice” consist of resonant circuits
tuned to respectively the 500-cps
zone and the 1000-cps zone. These
tone control circuits are connected
in series so each may be used inde-
pendently of the others. This tim-
bre control method relies on the ex-
treme richness of harmonics from
the output of the preamplifier tube.

Envelope Control

Complete control over the tone
envelope is not provided in this in-
strument. However, the tone onset
may be adjusted to slow or fast, the
former being used particularly for
the organ, orchestra wind instru-
ment and string simulation. The
rate of decay cannot be adjusted ex-
cept by using the knee operated vol-
ume control. There is provision
made to eliminate decay transient
thumps.

A gradual buildup of the volume
from an individual tone to produce

Block diagram of the electrical circuits of the Solovox.
frequency of the master oscillator and controlled oscillators, whereas the tone
tablets connect various tone-medifying aquxiliary amplifiers and filters

Vibrato

an organ or wind instrument effect
is obtained as follows. The control
contacts under the playing keys
serve to remove the cutoff bias from
the control tubes as well as to oper-
ate one of the three relays. This is
brought about by dropping the bias
to below cutoff for these variable mu
control tubes. The time constant of
the grid-cathode circuit slows up the
tone beginning and ending so as to
eliminate loudspeaker keying clicks.
To speed up the attack a 0.1 uf con-
denser connected between the con-
trol tube cathodes and grids may be
disconnected by operating the “fast
attack” switch.

The Vibrato

The vibrato effect is produced by
a small piece of powdered iron mov-
ing in and out of a coil connected to
& tap on the master oscillator tuning
coil so that the oscillator frequency
varies. The iron itself is supported
by a magnetically driven reed which
is first set into motion when the vol-
ume control lever is pulled forward
in starting the instrument.

Volume Controls

There are two volume controls pro-
vided in the instrument. The first
limits the maximum volume obtain-
able from the instrument and is
located under the kevboard compart-
ment so that adjustment may be
made for the particular room being
used. Normally it is not operated

The keys control the

fIII\

during the playing of the instru-
ment. A knee swell used by the
player for volume expression moves
a switch connected to seven fixed re-
sistors. These form a part of a
voltage divider circuit which varies
the grid bias to the remote cutoff
control tubes, so as to change the
gain,

Tuning

The Solovox is tuned once to put
it in agreement with the piano or
other instruments it is accompany-
ing and no additional retunings are
necessary. Since but one master
oscillator is used, the entire opera-
tion is accomplished by adjusting the
frequency of the master oscillator
alone by turning a knob located on
one corner of the tone cabinet. This
results in moving a powdered iron
core in or out of an inductance in
the master oscillator circuit. The
controlled oscillators can also be re-
adjusted to correct pitch should one
attempt to alter the master oscil-
lator greatly from its normal fre-
quency, but this is seldom necessary.

An interior view of the generator
and amplifier chassis as well as the
loudspeaker cabinet is shown in the
accompanying photograph. The large
round container at the left protects
the relays from dust, ete. This as-
sembly is so shallow that it may be
attached to either side of an upright
ptano or to the bottom of a grand
piano.

In the belief that the instrument
would find particular application
with pianos to provide a wind in-
strument solo part, the keyboard
with the associated control tablets
is designed to be attached to the
front edge of the piano as shown in
the illustrations. The lowest C is
placed opposite the middle C of the
piano so that the thumb of the right

hand can play the Solovox and the
remaining fingers simultaneously de-
press the piano keys for accompani-
ment similarly as is often done by
organists.

The wide range of tone colors,
frequency, and organ-like attack
with optional vibrato provide a small
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An Electronic Integrator for
Counting Circuit Contacts

Devised for indicating the average number of relay closures per minute in an ultraviolet

radiation recorder, this circuit is applicable to a wide variety of industrial control applica-

tions requiring supervision or measurement of repetitive circuit operations

Trigger tube
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Fig. 1—Circuit diagram of ultraviolet recorder

and associated electrical

T is the purpose of this article
to describe an elecirical counting
and integrating circuit which was
developed for use in connection with
an ultraviolet solar radiation record
using a gaseous tube. It is believed,
however, that this circuit is adapta-
ble to many counting processes and
is in no sense confined to the particu-
lar application for which it was
evolved.

Some time ago the writer was
asked to supervise a series of ultra-
violet solar radiation measurements
at the School of Tropical Medicine of
the University of Puerto Rico, under
the auspices of Columbia University.
The equipment available consisted of
a Westinghouse type W-6095 photo-
electric recorder’. The original cir-
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integrating circuit

cuit of this recorder is shown at the
top of Fig. 1. This circuit avoided
the use of a three element vacuum
tube amplifier by the use of a gas-
eous trigger tube shown in the figure.
The phototube, which has a response
curve peaking in the ultraviolet and
cutting off sharply toward the visi-
ble, is used to charge the small con-
denser C, which finally assumes a
sufficiently high voltage to produce a
discharge in the gaseous trigger
tube. The ionization thus produced
permits the discharge of the large
condenser C which in turn causes a
click to be recorded on the circular
type chart recorder shown at the
right of the figure. Thus the photo-
tube current, by controlling the rate
of charge of the condenser C,, pro-
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duces discharge clicks at a rate pro-
portional to the intensity of the
ultraviolet light falling on the cell.
The number of breakdowns of the
trigger tube per minute can be used
as a measure of the average intensity
of the ultraviolet light falling on the
photocell during this period”. In or-
der to translate this record into a
graph of the intensity of the ultra-
violet radiation as a function of
time, it was necessary to count the
number of clicks per unit time dur-
ing the entire duration of the record,
and in order to secure a continuous
record extending over a period of an
entire day it i8 necessary to have an
operator change the chart every three
hours,

It seemed of interest to develop a
device giving a direct instantaneous
reading of ultraviolet intensity as a
function of time on a chart capable
of following, in reasonable detail,
short period variations in intensity
which are not evident from a casual
inspection of the click-type record.
It was thought that such a develop-
ment would eliminate much of the
laborious work associated with
counting the numerous clicks appear-
ing on the chart obtained from the
continuous operation of the equip-
ment during daylight hours, elimi-
nate the necessity for frequent
changes of the charts, and produce a
record on which short period varia-
tions of ultraviolet can be readily
noted while the recording was in
progress.

A vacuum tube amplifier might
have been used to replace the trigger
tube. inasmuch as a considerable
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Fig. 2—Compadrison of chart record
and corresponding Leeds & Northrup
graph taken with integrating counter

amount of data already existed using
the trigger tube and condenser com-
bination. It seemed preferable, how-
ever, to evolve a solution which
would not necessitate extended re-
calibrations of the recorder, thereby
removing any doubt as to compara-
bility.

It was decided to seek a solution
which would not interfere with the
continuity of operation of the re-
corder and its normal chart record
assembly and at the same time pro-
vide a supplementary record on a
recording galvanometer. Attention
was directed to a development which
would permit the number of clicks
per minute to be averaged, and the
average plotted continuously on a
Leeds & Northrup recorder which
could be operated continuously with
little or no attention. It is believed
that the circuit evolved is appropri-
ate for recording the average num-
ber of impulses occurring per unit
time whenever these impulses can be
used to actuate a counting relay,
therefore, it may have numerous ap-
plications other than that to which it
has been put in the reduction of
ultraviolet solar radiation data.

Further details of this electrical
counting and averaging circuit are
shown in the lower section of the
Fig. 1. An additional relay is con-
nected in series with the condenser
discharge circuit of the recorder.
When this is actuated by a click dis-
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charge, it energizes another relay X
which must be maintained at a high
insulation with respect to ground to
prevent errors due to a minute leak-
age current across its contacts which
might contribute to the charge on the
tank condenser C..

A small counting condenser C, is
normally maintained charged to a
relatively high well-regulated vol-
tage. For convenience this is de-
rived from the power supply of the
photoelectric recorder. It was found
desirable to maintain a high con-
staney in this voltage. This was ac-
complished by the use of a Raytheon
voltage regulator (W1525) used in
conjunction with an output potenti-
ometer to permit the maintenance of
other than normal regulated output
voltage (115 wvolts). When the
counting relay X closes, the counting
condenser C is temporarily placed in
shunt with the large reservoir con-
denser C,. Voltage equilibrium be-
tween condensers C. and C, is thus
attained during the brief period of
closure of relay X. Since C, is very
small with respect to C,, the change
of potential of C,, due to the charge
transferred from C, will be only a
fraction of a volt.

The charge on the reservoir con-
denser C, then leaks off very slowly
through high resistances R,, R, and
R. which are adjusted to values
appropriate to make the R-C time
constant comparable with the period
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desired for the ‘‘counting” (two
or three minutes). A secondary
smoothing reservoir condenser C, is
introduced to minimize recorder
oscillations, which might otherwise
predominate, at low click-rates. In
general, the time constant of (C.)
(R: + R;) need only be long com-
pared to the closure time of the re-
lay X and the marking circuit move-
ments of the recorder, while the time
constant (C.) (R, + R, + R,) must
be long compared to the interval be-
tween counting clocks.

As numerous clicks (i.e. closures
of relay X) occur at a rate deter-
mined by the intensity of the ultra-
violet, an equilibrium is gradually
established in which the average
voltage on C, approaches a well de-
fined low value nearly linearly pro-
portional to the average click-rate of
the counting relay. Some of the
causes of departures from linearity
have already been suggested in con-
nection with the values of the circuit
time-constants; they will be dis-
cussed in greater detail later. Insofar
as they cannot be made negligible,
they can be made partly compen-
satory, and finally checked by an
overall calibration.

When a quasi-steady state has
been reached, the discharge current
of C., passing through R, R. and R
is nearly linearly proportional to the
number of clicks per minute of relay
X since each of these clicks transfer
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about the same charge to condenser
C..

This would be rigorously so if
the difference of potential of C, and
C,, were always constant; actually,
of course, the C, potential varies
slightly with the click rate. How-
ever, since this potential is seldom
more than about ten per cent of that
of C,, the charge transfer per click
is nearly constant. There is only a
slight “saturation” effect at high
click rates.

Therefore, we have only to meas-
ure the extremely small leakage cur-
rent in R; in order to determine the
click rate averaged over a period
comparable to the time constant of
the (Ca + Ca) (R‘; + R, + Rs)
circuit.

This is conveniently done by in-
troducing the voltage drop produced
by this current in passing through
R, as part of the grid voltage of
vacuum tube 6F5. If the grid of this
tube is maintained negative by bat-
tery Vo, the grid load will not ap-
preciably affect the voltage devel-
oped across R, due to the small R-C
leakage current. This current is so
small, and the circuit impedance so
high, that ordinary meters cannot
be employed.

The voltage variations in the plate
circuit of the vacuum tube could be
adapted to record on a Leeds &
Northrup recorder with the aid of
an appropriate network. However,
this would introduce the grid volt-
age-plate current characteristic of
the vacuum tube 6F5 which cannot
be assumed to be linear.

It was considered preferable to
utilize a voltage substitution method
in the grid of the vacuum tube, that
is, a circuit designed to maintain the
total grid potential at a constant
level. Under these conditions the
plate current of the vacuum tube
also remains invariable. This was
accomplished by the circuit indi-
cated in Fig. 1 in which the Leeds &
Northrup recorder is utilized in an
application somewhat different than
its conventional role of a recording
potentiometer or voltage divider.

In the conventional application of
the Leeds & Northrup recording po-
tentiometer the deflections of the
galvanometer G from its equilibrium
position are utilized to move the
contact on the slide wire S in such
a direction as to reduce the cur-
rent through the galvanometer. In
these applications, the appropriately
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shunted galvanometer and slide wire
contact form part of the central arm
of a Wheatstone bridge or voltage-
divider circuit and the galvanometer
is balanced for zero current, so
under null conditions it produces no
motion of the sliding contact P
which it controls by its deflections.

In the modified application, that
of a voltage compensator, the pointer
is adjusted to a coordinate origin
point on the chart which is usually

Fig. 4—Physical appearance of inte-
grating circuit and Leeds & Northrup
chart recorder
Fig. 3—Theoretical curve obtained from
equation on page 74 indicating the
linearity and experimentally deter-
mined points over working range

Ves

I =2t sl
0.3 0.6 0.9
Clicks per Second
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a few divisions from the edge of the
paper (to check plus and minus bal-
ance changes). Then with no click
input, a bias voltage V, (plus a
small residual from V,) is sufficient
to produce nearly, but not quite,
zero plate current with an appropri-
ately chosen plate voltage of about
100 volts. The galvanometer shunts
are adjusted so that this corresponds
to approximately full scale (but not
overload) deflection, the suspension
of the galvanometer is then adjusted
so that it is in tension by the appro-
priate amount to bring the needle
back to its center position. The re-
corder, when started, should then
record a straight origin line with
zero click input.

However, if clicks are introduced
by an input from the ultraviolet re-
corder -to relay X, a voltage appears
across R; which reduces the nega-
tive grid bias of tube 6F5 and hence
increases its plate current. This de-
flects the galvanometer needle from
its false equilibrium position and
this in turn results in an upward
movement of pointer P. This move-
ment can be made upward by appro-
priately choosing the initial polarity
in the connection of the galvanom-
eter G. The motion of the pointer S
changes the grid bias voltage de-
rived from the slide wire and this
voltage is In a direction to oppose
the voltage introduced by the action
of the clicks, that is, it is in a direc-
tion to make the grid more negative.
By an appropriate choice:»of the
polarity of the voltage V, it is
always possible to make ‘the grid
negative with an upward movement
of the slide wire.

The upward motion of the pointer
on the slide wire stops when the
voltage derived from this circuit is
equal to the voltage across Rs, that
is, the voltage under measurement.
This voltage is linearly proportional
to the position of pointer P along
the slide wire. Should the pointer
move further up on the scale, the
direction of deflection of the gal-
vanometer from its equilibrium posi-
tion is reversed and the pointer
moves back down again toward the
equilibrium position. It is essential
to adjust the speed of motion of the
pointer and the galvanometer damp-
ing and shunting so as to reach
equilibrium.

When this equilibrium is reached,
the voltage recorded by the Leeds &

(Continued on page T4)

35



Tracing Tube Characteristics
on a Cathode Ray Oscilloscope

This dynamic method of determining tube characteristics permits higher values of current

and voltage to be used without damage to the tube under test. A simple technique, using

d-c coupled amplifiers with equal phase shifts, permits accurate delineation of the curves

HE observation of volt-ampere
characteristics of vacuum tubes
by means of a cathode ray tube has
many advantages over the static
point by point method’. Chief among
them are the speed with which the
characteristics are obtained and the
safety with which the upper limits
of operation are observed. The
dynamic method allows higher volt-
ages to be applied for short periods of
time which are insufficient to cause
damage to the tube whereas a con-
stantly applied voltage of the same
magnitude as used in the static
method would be detrimental in the
time necessary to observe the cur-
rent values and to record them. The
oscillographic observations are of
great value for rapid testing of tube
characteristics since the operation of
the tube over its entire range of
voltages is observed at a glance.
The most important characteristic
of a vacuum tube is its plate current
as a function of plate voltage with
grid voltage as a parameter. The
fundamental method of observing
this characteristic on a cathode ray
tube would be to apply a periodically

varying voltage to the plate of the

tube and the horizontal deflecting
plates of the oscillograph, as in Fig.
1. A voltage which is proportional
to the plate current is applied to the
vertical deflecting plates. This volt-
age is obtained by inserting a re-
sistor R in the plate circuit of the
tube, the voltage drop across this
resistor being proportional to the
plate current flowing through it.
However, in order to keep the
error in the determination as small
as possible, the inserted resistor
must necessarily be made as small
as possible. It then becomes neces-
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sary to apply the voltage drop to the
vertical plates through an amplifier
in order to give an adequate voltage
deflection.

Phase Shift

One of the chief difficulties en-
countered in attempting to obtain
volt-ampere tube characteristics on
an oscillograph is that the trace
often appears in the form of a “loop”
instead of a line. This is due to
phase shift, as can be seen from the
following considerations. If two
equal sinusoidal voltages are applied
to the plates of a cathode ray tube,
then a straight line at an angle of
45 degrees will appear on the screen
if the voltages are in phase. If, how-
ever, there is a phase shift between
the two voltages so that the hori-
zontal voltage is expressed by =z =
E sin « t and the vertical by y = E sin
(wt+0) then an ellipse will appear
on the screen (since by eliminating

Tube under fest'

t from these equations an expression
between x and y results which is
the mathematical equation for an
ellipse). In the limiting case of
§ = zero, the ellipse degenerates into
a straight line as noted above and for
small values of 0, the ellipse ap-
pears as a narrow loop. It may be
shown from the above equations that
the maximum vertical “opening” of
the loop is 2 E sin 6. For a trace
covering the three-inch cathode ray
screen, it follows from the above
that even for a phase shift of only
0.5 degree, the opening is 0.7 mm
which is enough to be very annoying
to the eye. This numerical illustra-
tion shows how extremely careful
one must be to avoid even a very
small amount of phase shift between
the horizontal and vertical voltages.
The phase shift is due to inter-
electrode or stray capacities. It can
be introduced at three places in the
circuit, namely: at the cathode ray

_.~Cathode ray
N ¥ Lo Z; flection
ates
H i -
. Source of
7| afternating
s | voltage
ONS0—

Y

Fig. 1—Basic circuit for measuring tube characteristics oscillographically
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Fig. 2—Complete circuit diagram of the amplifiers used to

develop

tube plates, in the amplifier or in
the tube under test. Each of these
must be considered.

At first it would seem improbable
that the tube interelectrode capaci-
ties, which are of the order of magni-
tude of micromicrofarads, would
cause noticeable phase shift at 120
cps’. However, a simple calculation
shows that a capacitance of 10 micro-
microfarads when shunted by a one
megohm resistance introduces a
phase shift of 0.5 degrees which, as
noted above, is excessive. This
means that the resistance which
shunts the cathode ray tube plates
must be much smaller than a
megohm in order not to produce a
noticeable loop. It may be shown
that the parallel combination of the
load and the tube plate resistance de-
termines the phase shift introduced
at the cathode ray tube plates. By
using the 6C5 triode with a load re-
sistance of 25,000 ohms this parallel
resistance was made less than 10,000
ohms which thus assured negligible
phase shift.

The gain of this triode amplifier
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the deflection voltages for the

is only about 15 and hence it was pre-
ceeded by a high gain pentode (6J7)
so that an overall gain of about 1000
was obtained. The grid voltage
swing employed in obtaining trans-
fer characteristics is wusually too
small to be applied directly to the
plates of the cathoderay tube, hence
an amplifier was used for the hori-
zontal plates as well as for the
vertical plates. Furthermore, by
designing identical horizontal and
vertical amplifiers there can be no
relative phase shift between ampli-
fiers. This was demonstrated by
applying the same signal to both
amplifiers. A straight line (without
the slightest trace of a loop) was
observed for all frequencies up to
20,000 cps.

In only a very few cases was a
loop observed in measuring volt-
ampere characteristics and in each
case it could be traced to the tube
under test. Usually by rewiring to
eliminate stray capacities the loop
disappeared. However, if the tube
possessed large interelectrode capaci-
ties and if these were shunted by
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oscilloscope

high (dynamic) plate resistances,
then some phase shift was inevitable.
If this phase shift was small and in-
creased linearly with frequency, then
it could be compensated for by in-
troducing an equal phase delay into
the other amplifier. This was ac-
complished by putting a variable ca-
pacity of the order of 1000 puf across
points SS” (Fig. 2) of the appro-
priate amplifier. Of all the tubes
tested, only in one, (a phototube),
was it found impossible to remove
the loop. This was due to the ex-
tremely high dynamic and non-linear
plate resistance of the tube which
could not be compensated.

The Amplifier

1f the plate volt-ampere character-
istics are to be obtained at various
grid voltages, the d-¢c component of
plate current must be amplified to-
gether with the a-¢ component and
its harmonics. If the d-¢ component
is not amplified, the trace observed
on the oscillograph screen tends to
orientate itself so that the average
value of deflecting voltage is zero

37



about an axis lying along the di-
ameter of the screen. When the grid
voltage of the tube under observa-
tion is changed, the d-c plate current
changes and the trace is therefore
shifted from its true position rela-
tive to the trace observed at the
previous value of grid voltage. This
condition therefore dictates the
utilization of a directly coupled am-
plifier.

The circuit diagram of the ampli-
fiers, together with the tube under
test is shown in Fig. 2. To permit
the amplification of d-c voltages,
there must be no condensers or
transformers for coupling between
stages. Decoupling of the quiescent
d-c voltage of the preceding stage
may be obtained by the use of a bat-
tery or a voltage drop across part of
the power supply bleeder. How-
ever, a much more stable system re-
sults if a third tube is used to obtain
the d-c¢ decoupling voltage. This
tube is used to decouple the first
stage of both amplifiers as shown in
Fig. 2, If all three 6J7’s had iden-
tical characteristics and had equal
load resistances, the grid signal vol-
tage on the second stage would be
zero when the input signal to the
amplifier is zero. However, it is

very difficult to obtain perfectly
matched tubes and resistances so
that provision is made for balancing
by varying the static plate current
of each 6J7 amplifier tube, by means
of the screen voltage, until the vol-
tage drop across its load resistance
is equal to the drop across the bal-
ancer tube load. In practice, this is
accomplished in a very simple man-
ner. The outputs of the amplifiers
are connected to the respective plates
of the cathode ray tube and a spot
is obtained on the screen. The point
S on one amplifier is then shorted to
S§’. If the amplifier is not balanced,
the spot is deflected. The screen
grid potentiometer is then adjusted
until no deflection is observed upon
shorting S to 8. This procedure is
then repeated for the other ampli-
fier.

When obtaining plate volt-ampere
characteristics, the amplifier is bal-
anced as outlined above. The 6C5
tubes operate at approximately —1.5
volts bias (15 ma passing through
the 100-ohm biasing resistor). This
adjustment requires that the grid
signal voltage of the 6C5 increase
only in the negative direction to pre-
vent the flow of grid current. The
input signal voltage must therefore

increase in a positive direction. The
polarity of the input connections
must be correctly maintained when
amplifying voltages having a d-c
component. If it is desired to am-
plify signals containing only a-c
components, the 6C5’s are biased at
a convenient value. This is done when
observing mutual transfer character-
istics, as explained below.

The voltage applied to the tube
under test may be of either of two
forms. Since only positive voltages
need be applied, the voltage may be
a sinusoidal voltage having a d-c
positive bias equal to the maximum
a-c value, or the un-filtered output
of a full wave rectifier. The latter
form has been used in obtaining the
pictures shown here. The method of
obtaining mutual transfer character-
istics is shown in Fig. 3. For this
procedure, the 6C5’s are biased to
about —9 volts in a manner similar to
the method of balancing except that
a battery of 9 volts is used, maintain-
ing the proper polarity, instead of
shorting the points SS”. When a bal-
ance is reached, the battery is re-
moved.

The traces on the cathode ray tube
screen are centered by means of the
potentiometer, R, By this control,

The oscillograms shown at the right
were taken with a Kodak view camera.
f/4.5 lens with Kodak Ortho Press
Plates. The exposure varied between
1/5 and 1/10 second. A DuMont 34-XH

tube was used

-
--
S F
f&‘;’:::e il Tube under
rectitied test
voffoge
(untiltered) R

Fig. 3—Method of measuring mutual
transfer characteristics
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Fig. 4—Top. waveform of plate current
of tetrode. Bottom, waveform of plate
current of pentode. Secondary emis-:
sion in the tetrode gives rise to the
lower “hump,’”” absent in the latter case
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Fig. 5—Plate volt-ampere characteris-
tics of a kenotron rectifier (type FP89),
at various filament voltages

Fig, 6—Plate characteristics of type 89
tube connected as triode

250 volts
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the beam spot is moved across the
screen at a 45-degree angle and the
origin of the characteristic curves
may therefore be easily placed at a
corner of the screen.

The 300-volt power supply for the
first stages is electronically regu-
lated and built on the same chassis
as the amplifiers’. However, the 600-
volt supply is external and need not
be regulated, although a well filtered
supply is in order. All input and
output cables are shielded to pre-
vent pickup from stray fields. Be-
cause of the high gain of the ampli-
fier, a storage battery was used as
the heater voltage supply for the
6J7’s. With ac on the heaters a
noticeable ripple was observed on
the cathode ray tube screen.

Frequency Response

In order to obtain a true charac-
teristic curve, the amplifiers must
meet the following specifications:
They must be linear, must have very
little frequency and phase distortion
up to about the fiftieth harmonic and
both amplifiers must have the same
amount of phase shift and distor-
tion. By phase shift is meant a
displacement in phase angle of the
output voltage relative to the input

voltage, for a sinusoidal input. By
phase distortion is meant the lack of
proportionality between frequency
and phase shift of the output voltage
relative to the impressed voltage.
Tests on the amplifiers described
show that they meet these specifica-
tions.

The plate current of the tube un-
der test is usually far from sinu-
soidal. The wave shapes for the
plate current in a tetrode and pen-
tode (with applied rectified a-c plate
voltage) are shown in Fig. 4. In the
extreme case of the pentode, the
wave shape is close to being square.
It has been experimentally deter-
mined by means of filters that all
harmonic frequencies up to the
fiftieth should be reproduced in or-
der to preserve the original wave
shape with accuracy.

The amplifiers proved to have a
flat frequency response up to 2000
cps and the gain dropped off 7 per
cent at 6000 cps, the voltage gain of
each amplifier being 1000. The fun-
damental frequency used in plotting
the curves was 120 cps and the
fiftieth harmonic is therefore 6000
cps. The magnitude of the fiftieth
harmonic for a square wave is a very
small percentage of the fundamental

Fig, 7—Plate characteristics of type
6]J7 tube connected as tetrode

300 vo/f,’

Fig. 9—Mutual transfer characteristics
Plate voltage is 250

of 6]7 and BK7.

Fig. 8—Plate characteristics of type
6J7 pentode

' 200 volts
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Fig. 10—Plate characteristics of beam
power tube, type 6L6
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magnitude, so that the decrease in
gain is negligible relative to the
fundamental.

If a flatter frequency response
were desired, it can be obtained
easily at the sacrifice of gain. Chang-
ing the load resistances of the 6J Ts
to 20,000 ohms instead of 100,000 re-
sulted in a voltage gain of 230 and
a frequency characteristic which
dropped 8 per cent at 20,000 cps.

The photographs shown in Figs.
4 to 10 were obtained by taking one
exposure for each parameter. This
simplifies the procedure, since only
one trace is obtained at a time. In
order to obtain all the traces at once
it would be necessary to use either a
rotating or an electronic switch.

Calibration of the photographs is
an easy matter. If the vertical vol-
tage is removed a horizontal axis is
traced whose length corresponds to
the maximum value of the voltage
used. To obtain the current cali-
bration a voltage is fed into the ver-
tical amplifier and the horizontal
voltage is removed, resulting in a
vertical trace whose length cor-
responds to the voltage input. Since
the value of resistance inserted in
the test tube circuit is known, the
vertical axis is calibrated in terms of
current.

An alternate method of calibration
is to determine a point on the volt-
ampere characteristic for a given
value of grid voltage and a d-c value
of plate voltage equal to the maxi-
mum a-c value used. The plate cur-
rent is noted and the end point of a
trace for the given grid voltage is
located. All other points can be
found by proportion.

The value of this technique can-
not be overemphasized. Its applica-
tion to vacuum tube research and
design has been recognized by many.
The method is also a convincing test
of the characteristics of tubes and
their adaptability in circuits.

The authors wish to acknowledge
the invaluable aid of Messrs. William
Fane, Harold Schneider, John S.
Hickey, Jr. and Benjamin Solow in
the preparation of this work.
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EMERGENCY RADIO COMMUNICATION
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Fig. 1—The communication network, showing carrier telephone connections as well as the

emergency radio equipment, of the central system of the American Gas and Electric Company

PECIAL emergency radio com-

munication found very limited
application on power systems until
after June 1938 when the Federal
Communications Commission made
new allocations in the u-h-f band,
but since that time its use has grown
at a rapid pace. The systems of the
American Gas and Electric Company
have always recognized the impor-
tance of emergency communication
to the operation of large intercon-
nected power systems and were the
first to install a comprehensive car-
rier telephone syvstem for this pur-
pose.’ In the latter part of 1938 the

40

Indiana & Michigan Electric Com-
pany placed in operation a 15-watt
fixed station and two mobile units at
South Bend where terrain is rela-
tively level. Shortly afterward the
Appalachian Electric Power Com-
pany made a similar installation
at Roanoke, Virginia where terrain
1s mountainous. The technical and
the operating aspects of special
emergency radio under widely dif-
ferent field conditions were investi-
gated. Although the choice of uhf
for these installations was contrary
to the advice and recommendations
of representatives of probably a

www americanradiohistorv com

majority of the recognized manufac-
turing and engineering groups, who
at that time advocated the use of
medium frequencies for this tvpe of
service, operating experience with
the above trial installations showed
very promising results and among
other things demonstrated the fol-
lowing with respect to u-h-f mobile
communication:

(1) The effect of natural static is
negligible in the 30 to 40 Mc band.
Even local lightning storms did not
seriously interfere with communica-
tion. This consideration is probably
more important to electric com-
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FOR AN ELECTRIC POWER SYSTEM

An extensive u-h-f communication system, using frequency modulation as well as amplitude

modulation, has been set up by the American Gas and Electric organization in Ohio and the

surrounding states. Mr. Langdon reviews the equipment and its operation record

panies, where emergency conditions
are created by lightning and other
storms accompanied by lightning,
than in other fields of emergency
radio communication.

(2) U-h-f transmission was found
to be particularly consistent day or
night, summer or winter. Interfer-
ence experienced was man-made and
therefore could eventually be con-
trolled.

(3) Two-way range obtained be-
tween main station and cars did not
fully meet the requirements on the
American Gas and Electric Company
system, but it appeared likely that
this range could be increased by ad-
vances in the art.

(4) Mountainous territory does
not necessarily prevent entirely sat-
isfactory two-way coverages up to
20 miles or more.

(5) Equipment was found to be
reliable and easy to maintain.

(6) Two-way rather than one-

Fig. 2-—The radiator of the Robinson Park substation, a 70-foot
wooden pole surmounted by a 50-foot steel pole and a vertical

coaxial radiator

By G. 6. LANGDON

1merican Gas and Electric Service
Corporation

way communication proved to be
necessary in most instances, although
one-way communication could also
be used to advantage.

(7) Operating departments found
the system very valuable for the
speedy handling of emergency and
hazardous situations brought about
by storms, fires, accidents, etc., par-
ticularly as affecting the widespread
power lines and substations.

As may be seen from the above,
the results obtained using uhf justi-
fied the original confidence in it as
regards its fundamental suitability
for emergency purposes on a power
system.

While far from perfect, the overall
results were so promising and met
the fundamental requirements of

emergency mobile communication so
well that at the present time there
are a total of 6 main stations and 40
mobile units in operation, 4 main
stations and 44 mobile units are
under construction, and several addi-
tional stations are being considered.
The locations of existing and pro-
posed installations, together with
their relation to the existing com-
munication system are indicated in
Fig. 1. At four locations antennas
of a semi-permanent nature, as
shown in Fig. 2, were installed pend-
ing a better evaluation of such fac-
tors as antenna height, design, and
location upon performance. Typical
mobile installations are shown in
Figs. 3, 4 and 5. Some of the con-
siderations and problems which
arose in connection with the growth
of the above system, including the
question of frequency modulation,
are discussed below along with the
solutions adopted.

Fig. 3—Radio-equipped line truck. The transmitting and re:ziving
equipment are mounted on the steel cabinet at the side. The whip

antenna is raised from inside the truck
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Fig. 4—Line supervisor’s radio-equipped car.
at the rear is used to give orders to crews or to caution crowds

General Considerations

In any comprehensive application
of special emergency communication
to a system like the Central System
of the American Gas and Electric
Company it is desirable that cars in
one district be capable of giving aid
during severe emergencies to ad-
joining districts with a minimum of
delay. For this reason the same op-
erating frequencies have been dupli-
cated throughout the system. The
radio system should also be coordi-
nated in so far as possible with the
existing communication system and
it will be noted that main radio sta-
tions have been located for the most
part at key points equipped also for
carrier communication by wire.
Figure 6 showing one of four load
supervisors positioned at Twin
Branch Plant illustrates a coordi-
nated arrangement of all communi-
cation facilities within easy reach
of the system load supervisors.

The extensive carrier current tele-
phone system (See Fig. 1) provides
point-to-point communication of a
high order of reliability not only
during normal times, but also in
emergencies. It was felt therefore
that the radio system should be laid
out primarily for mobile communica-
tion, although communication be-
tween fixed stations and between
mobile units is desirable for back-up
during severe or unusual emer-
gencies.

Frequency Modulation

In 1939 the problem had to be
faced whether to install immediately
a total of 4 main stations and 27
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The loudspeaker

Fig. 6—The system
load supervisor at
the Twin Branch
plant  using the
radio system. In-
terlocking prevents
interference from
other supervisors

mobile units using amplitude modu-
lation, or await the development and
proving in of fm on a practical basis,
which might take from one to ten
years. A plan was worked out to
permit the immediate installation of
a-m equipment and changing it over
to fm at a later date with a minimum
amount of trouble and expense if
found advantageous. This arrange-
ment made it possible to expand the
system with reasonable assurance
that advances in fm would not make
the existing am equipment obsolete
at an early date. As it turned out, the
development of practical mobile fm
equipment was accomplished in rec-
ord time for the Connecticut State
Police (ELECTRONICS, November and
December, 1940). Two mobile trans-
mitters and a fixed station receiver,
similar to those being installed in
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Fig. 5—A light service truck equipment with u-h-{ two way equip-
ment mounted in the side compartment

Connecticut at the time, were placed
in operation by the Indiana & Michi-
gan Electric Company in June 1940
to determine their performance and
evaluate their advantages and disad-
vantages. Operating experience with
these units over a six-months period
showed the following results as com-
pared to a-m transmitters in the
same territory and using the same
main station antennas and fre-
quency:

(1) The average area covered
with fm was about 80 per cent more
than with am under the same condi-
tions.

(2) Under no conditions encoun-
tered was fm inferior to am.

(3) Within the normal range of
the equipment the interfering noise
present was much less with fm than
with am, the signals were much
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Main Station
No. 1
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cleaner, or as one engineer expressed
it “fm will transmit silence.”

(4) Long distance code interfer-
ence, which was often very severe
during the day on 31460 ke, was only
slightly less with fm than with am.

(5) Maintenance required on the
more complicated f-m equipment
was, to our surprise, less than on
a-m equipment.

The above actual operating experi-
ence, together with confirming field
data from other sources, convinced
us that fm was unquestionably far
superior to am for general applica-
tion on our system and the previously
conceived plan for changing over to
fm was therefore put into effect
immediately. Since others operating
in the emergency services may also
be considering a change from am to
fm the method used is described in
detail below.

Changing From AM to FM

The plan adopted was influenced
by the fact that several main sta-
tions and 33 mobile units were in
operation using am, and that long
range code interference on 31,460 ke
and other factors made it desirable
to change the cars over to a strictly
mobile frequency at the first oppor-
tunity, Stated briefly the plan called
for the following:

(1) Alter main station transmit-
ters for fm-am operation. The simple
method of accomplishing this is de-
tailed later in the text.

(2) Add f-m receiver tuned to
31,740 ke at the main stations.

These two steps permitted main
stations to communicate either with
existing a-m mobile units operating
on 31,460 ke or with new f-m mobile
units operating on 31,740 ke. Figure

ELECTRONICS — March 1941

AM (31,460)
BS2 75 Lt S

Fig. 7—The three types of mobile communication, used during changeover
from am to {-m systems: A, a-m sets; B, unit changed to im: C, all im

Main Station
No. 2

Fig. 9—Front view of am-m equipment

after changeover. The only visible evi-
dence is the changeover relay

7 indicates the communication pro-
vided.

(3) All new mobile installations
to employ fm using 31,740 ke trans-
mitters and 31,460 ke receivers.

(4) Existing a-m mobile units to
be changed over in part or completely
whenever the improved performance
justifies this move.

(5) Main station a-m receivers
to be replaced by f-m receivers after
all existing mobile transmitters have
been changed to fm. Main station
transmitter power may be raised 60
per cent or more simply by returning
after full f-m. operation has been
achieved.

The above plan provides a very
flexible arrangement well suited to a
gradual changeover without disrupt-
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Fig. 8—Rear view of the modualtor-exciter
unit used in the fixed f-m stations
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Fig. 10—Map showing dependable two-

way coverage of f-m and a-m equipment.

These ranges obiain in the absence of
severe interference (diathermy)

ing existing communication to any
great extent and it results in an f-m
system coordinated with any new
f-m systems which may be installed
over the rest of the territory.

There were a few objections to the
plan which have not proven serious
in practi~a. First, main stations

(Continued on page 83)
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New Books

Applied X-Rays

By GEeorRGE L. CLARK, Professor of
Chemistry, University of Illinois.
Third Edition. Published by McGraw-
Hill Book Co., New York, N. Y., 1940.
675 pages, 342 illustrations. Price
$6.00.

WORKERS IN COMMUNICATION are apt to
forget that progress in x-ray tech-
nology in recent years has kept pace
with the sister arts of electronies. In
the eight years since the appearance of
the second edition of this book, a multi-
tude of improvements in apparatus
and technique, as well as great broad-
ening of the range of application, have
taken place in this field. This progress,
as well as the fundamental material of
older vintage, has been faithfully and
completely set down in this new edition
of a book which has come to be known
as the outstanding practical treatment
of the subject. The book is not a com-
plete handbook but rather, as the au-
thor states, “an outline of information
for the intelligent inquirer”. The
“outline” is, however, as complete as
any 600-page book can be. Some idea
of the research which lies behind the
volume can be gained from the fact
that the author’s file on the x-raying of
cellulose, papers collected since 1932,
is nearly two feet thick.

The present edition contains 23
chapters, beginning with a brief his-
torical survey, followed by descriptions
of x-ray tubes and power supplies,
methods of measuring intensity and
wavelength, techniques of x-ray spec-
trum analysis in chemistry and physics,
x-ray absorption and its applications in
radiography, x-ray photochemistry and
biological effects. The second part of
the book is concerned primarily with
x-ray crystallography and the determi-
nation of the ultimate structure of ma-
terials. Crystal analysis methods are
first introduced, followed by applica-
tions to crystal chemistry, silicates,
alloys, structure of organic compounds,
glasses, liquids, ete. Interpretation of
x-ray diffraction patterns and applica-
tions in metallurgy, and the study of
giant molecules (polymers) conclude
the volume.

This book is an exceptionally fine
piece of work. It is a fitting corollary
to Professor Clark’s outstanding career
of teaching and research in the field—
D.G.F.
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M.K.S. Units and

Dimensions

By G. E. M. JAUNCEY and A. S. LANGS-
dorf, both of Washington University.
The Macmillan Company, 1940. 62
pages. Price $1.00.

THE FOREWORD of this little book ex-
plains exactly what the book is: “The
International Electrotechnical Com-
mission (I.LE.C.), meeting at Schevin-
zen, Brussels, in June 1935, adopted
the meter, kilogram and second as the
basic units of length, mass and time,
this action becoming effective in Janu-
ary 1940.

“The purposes of this volume are
to acquaint electrical engineers, phys-
icists, and teachers and students . . .
with the properties of the new M.K.S.
system of basic units; to describe meth-
ods for changing from one set of basic
units to another; to give reasons for
the adoption of the ohm as the fourth
basic unit, . . . to describe a proposed
M.K.S.0. system of basic units; and to
discuss the difference between mag-
netic flux density (B) and magnetic
strength (H).”

Many engineers are not aware of
the advantages of this new system, one
of which is the ability to stick to one
set of units throughout a piece of
paper work; furthermore these units
are practical units, with which we deal
every day.—K.H.

Radiologic Physics

By CHARLES WEYL, S. REID WARREN,
JR. and DALLETT B. O’NEILL, all of the
University of Pennsylvania. Charles C.
Thomas, publisher, 450 pages, 1941.
Price $4.50.

ALTHOUGH THIS IS A TEXTBOOK written
by teachers and aimed at the student in
medical radiology, it will also serve the
needs of practicing x-ray men who wish
a grounding in the theory and applica-
tions of radiation physics with refer-
ence to x-ray diagnosis and x- and
gamma-ray therapy.

The first half of the book (some 200
pages) is taken up with the theory and
practice of electrical engineering as ap-
plied to radiological apparatus. It is
really a small text on electrical engin-
eering, with chapters on measuring
instruments, a-c theory, transformers,
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generators, distribution systems, elec-
tronics ete, and ending with a chapter
on electromedical apparatus.

The second half is concerned with
radiant energy and its interactions
with matter. A short history leading
to our present views on the constitution
of matter, the wave and corpuscular
theories of light, quantum theories,
x-rays, and radioactivity are followed
by chapters which are very clearly up
the alley of the medical man. They
deal with the measurement and control
of x- and gamma-radiation, measure-
ment of dosage, the use of the fluoro-
scope, intensifying screens, and the
techniques of handling electro-medical
equipment. Finally in an appendix
are the elements of mathematics
through calculus, and log tables, so that
the reader who is not scared by an
equation can equip himself to read the
literature with good effect.—K.H.

The Nature of Crystals
By A. G. WARD

The Nature of the Atom
By G. K. T. CoNN

The Wave Nature of the

Electron
By G. K. T. Conx

The Cyclotron
By W. B. MANN

Published by Blackie and Sons, Lim-
ited, London. Distributed by the Chem-
ical Publishing Co., New York. 114
pages, 52 illustrations; 115 pages, 15
illustrations; 78 pages, 17 illustra-
tions; 92 pages, 31 illustrations, re-
spectively. Price $1.50 each.

THESE FOUR LITTLE BOOKS make ex-
cellent sources of background material
for electronic engineers who profess
to know something of the physical back-
ground of their chosen field of work.
The first three constitute a brief re-
view of the nature of matter from the
modern viewpoint, the last of one of
the most important electronic tools in
the hands of the physicist. While in
no sense a required part of the profes-
sional equipment of electronic special-
ists, they nevertheless make worth-
while additions to a technical library.

Mr. Wards monograph reviews in
simple but not popularized language
the history and present status of cry-
stalline structure theory. He suggests
a very interesting hobby in the study
of crystal forms. The two books by
Mr. Conn are excellent reviews of the
atomic and electronic entities. The
“Wave Nature of the Electron” is
especially interesting in that it gives
a clear picture of wave mechanics in
simple terms. Mr. Mann’s description
of the cyclotron gives considerable in-
formation on construction, high fre-
quency oscillator circuits, and opera-
tion procedure hitherto available only
in periodicals—bp.G.F.
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Insertion Loss in Filters

HERAS the determination of

the elements of a filter section
is fairly simple when carried out in
terms of the significant cutoff fre-
quencies (see “Filter Design Charts”
by John Borst, ELECTRONICS, August,
October and November, 1940), the
determination of the shape of the
attenuation characteristic is a much
more complicated problem, depend-
ing not only on the L and C values,
but on the Q values of the elements.
This reference sheet presents a
nomographic method of determining
the attenuation constant of low- or
high-pass filters. The total insertion
loss of a filter is composed of this
constant plus interaction losses and
reflection losses. The interaction
losses may usually be neglected in
commercial practice. The reflection
loss, which depends only on the
termination, may be determined by
the methods outlined in “Transmis-
sion Characteristics of Electrical
Wave Filter” by 0. J. Zobel, B.S.T.J.,
Oct. 1934.

The attenuation constant « of any
pi or T filter configuration is given
by the relationship

2m®

(1—m?) — 1/d°

where m = V1 — 1/a® = f/f. (low
pass) or f./f (high pass), a. = f./f.
(low pass) or fo/f. (high pass), f =
frequency at which attenuation con-
stant is to be computed, f. = cutoff
frequency, and f. — frequency of in-
finite attenuation. This equation is
the basis of the nomogram (Fig. 1)
printed herewith. This chart gives
the attenuation constant of a single
pi or T section, high pass or low
pass, in terms of a and a; or m, pre-
viously defined. The attenuation
scale is divided into two sections,
above and below infinity. The lower

cosha =1+

Q Factor in Decibels

10 20 30 4050
= WL
Q R

ELECTRONICS

By J. KRITZ and E. L. GRUENBERG

Signal Corps Procurement, U. 8. Army

portion represents attenuation be-
low the frequency of infinite attenua-
tion, whereas the upper portion
represents attenuation above this
frequency. The chart is used by lay-
ing a straight edge on the values of
two of the variables, the intersection
with the third scale giving the value
of the third variable.

The chart applies to filter elements
having no dissipation. When the
coils have dissipation, the attenua-
tion at the frequency of infinite at-
tenuation is reduced, although the
effect at other frequencies is not so
marked. Figures 2 and 3 have been
plotted to permit taking the @ value
into account, in calculating the at-
tenuation at the frequency of infinite
attenuation. On the assumption that
the @ values of all of the coils are
the same, a “Q factor” may be found
from Fig. 2, in terms of the given @
value, and an “infinite attenuation
factor” from Fig. 3, in terms of the
frequency ratio a,. The sum of the
Q@ factor and the infinite attenuation
factor is the value of the attenuation
constant a at the frequency of in-
finite attenuation. Figure 4 may be
used to determine the attenuation
constant at the cutoff frequency f. in
terms of the @ value of the coils, for
a constant-K filter. For the m-de-
rived type, the attenuation constant
may be taken as approximately 1/m
of the value for the constant-K type.

As a practical design problem con-
sider a low pass filter and solve for
the attenuation constants at various
frequencies. The filter is composed
as follows:

1—A constant-K prototype f.=
1000 cps
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2. An m-derived type f.= 1400
eps (m =.T)

3—Two terminating half sections
of m=.6 (a; = 1.25)
The Q of all coils is taken as 20.
The frequencies at which the con-
stants are required are: 1000, 1100,
1250, 1400, 1800 cps.

Constant-K Prototype:

1000 cps—From Fig. 4, at a Q of
20, the factor is 2.75 db

1100 cps—From the nomogram,
the line joining ¢ = 1.1 and a; = a
gives 7.8 as the attenuation constant.

1250 cps—With the same proce-
dure as for 1100 cps but a« = 1.25,
a = 12.2 db

1400 cps—a = 15.2 db

1800 cps—a = 21.0 db

M-Derived Type:
1000 eps—a — nll (2.75) = 2.93 db

1100 cps—a = 1.1, a;, = 1.4, a =
13 db on the lower scale.

1250 cps—a = 1.25, a, = 1.4, a =
22.6 db

1409 cps—On Fig. 2 for @ = 20,
a;, = 26 db

On Fig. 3 for a; = 1.4, a, = 11.5 db,
x =26 + 1156 = 37.5db

1800 cps—a = 1.80, a
21.1 db on upper scale.

1.40, a =

Terminating Sections:

For one terminating section a is
one-half that of a full section. Since
we have two sections, we may use the
full values given by the charts.

1000 cps—a JL (2.75) = 4.6 db

1100 cps—a = 1.1, a. = 1.25, a =
15 db

1250 cps—a, = 26 dba. = Tdb a =
33 db

1400 cps—a = 14. a, =125 a=
22.1 db
1800 cps—a = 1.8, «, = 1.25, a =

15.8 db

0 20 30 40 50 60 10
Q= @t
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Insertion Loss in Filters
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For chassis and cable mounting, <cince plugs. . . two, three, four or more prongs, polar-
ized...are selected where and when the most exacting specifications prevail. e Every con-
ceivable combination—a wide variety of types with or without shells available—

affords-a plug for every need. o Only the best material and painstaking workmanship

canipet ‘these carefully designed plugs: Floating contact type sockets, insulated fibre

litfed shells, and especially designed ears, or holding tibs, spaced irregularly where
necéssary to prevent “arcing.” e It's easy to get plug satisfaction, specify “ciNcH.
JUST SEE THOSE SHOULDERS* ; - :

*Shouldersof different depth; standard to ““seat” Cinch and Oak Radio Sockets are licensed

plug and slightly deeper for socket . . . fitting under H. H. Eby socket patents

shells perfectly to both plug and socket.
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TUBES AT WORK

A bridge-type circuit for stable indication
of light flux in a linear densitometer, and
a simple method of -calibration are
described, together with an improved
method of protecting the filaments of
mercury vapor rectifiers

A Linear Densitometer

By JoHN A. TIEDMAN
Woman’s College of the University of North
Carolina
MANY TYPES OF DENSITOMETERS have
been proposed in the last few years.
They are in general of two kinds: the
optical, in which the eye makes a com-
parison between the area to be meas-
ured and an area of known density;
and the electrical, in which the light
passing through the area to be meas-
ured is caught by a photoelectric cell,
and the current through the cell is
measured by a meter which is cali-

brated in terms of density.

In addition to the low cost, and the
elimination of eye strain, one of the
advantages of the electrical method is
that it can be calibrated without film
strips of known density. The simple
electrical ecircuits, however, give ex-
treme sensitivity in the regions of low
density, and low accuracy for high
densities. This is a disadvantage if it
is desired to balance separation nega-
tives at densities of 2, for example. The
densitometer described by George
Hartley" is of this type.

Several densitometers have been pro-
posed which have a linear density scale.
One?® is particularly mentioned as the
present author is indebted to it for
some of the features of his instrument.
A logarithmic scale is obtained with
this instrument by impressing the volt-
age drop across a high resistance in
series with the phototube on the grid of
a super-control tube, which gives an
approximately linear plate current for
logarithmic changes in potential of the
grid.

An article by R. E. Meagher and Ed-
ward P. Bentley® suggests an entirely
different principle, which the present
author hastened to apply to the meas-
urement of photographic density.

The principle of the Meagher and
Bentley circuit involves the energy dis-
tribution of the electrons liberated by a
hot cathode. If the grids of a vacuum
tube are maintained at a high positive
potential, only the electrons having
high velocity will reach the plate. If
the plate and cathode of the tube are
connected in series with the current to
be measured, logarithmic changes in
current will produce linear variations
in potential from plate to cathode.
This potential can be impressed from
cathode to grid of a second tube, which
serves as a linear amplifier.

48

However, since the amplifying tube
must be operated linearly, current in
the plate circuit cannot be made zero,
and about one-third of the plate meter
scale is not useful in measuring density.
The plate current might be balanced
out very simply by means of a battery
and a resistance which would supply
an equal and opposite current through
the meter. This was done, but the in-
strument, though much more linear,
did not have the convenience and flex-
ibility of the Miller circuit®.

The principal advantage of the Mil-
ler circuit lies in using two tubes as
arms of a Wheatstone bridge, with an
ammeter connected from plate to plate
of these tubes. This meter is shunted
by a variable resistance which permits
adjustment of the meter to read full
scale for any density desired. A re-
sistance in the fourth arm of the bridge
can be varied to produce zero current

for zero density and linear indication.

The Densitometer Circuit

The circuit developed by the author
is illustrated. The phototube is illumi-
nated by the light of a 32-candlepower
6-8 volt auto headlight bulb through an
aperture 0.125 inch in diameter. (RCA
868 and CE 1 tubes have been used by
the author merely because they were
availablee. RCA 917 is probably pre-
ferable.) A resistance of 2 megohms is
in series with the anode and is con-
nected to the plate of the 77 tube,
which is connected to the grid of the
amplifier tube 6C6, A. The three grids
of the 77 are connected to a potential
of 10 to 45 volts, the exact voltage de-
pending on the peculiarities of the par-
ticular 77 used. As shown in Fig. 3 A,
B, and C linearity depends on the ad-
justment of this potential. The ca-
thode of the 77 is connected to a poten-
tiometer P, (50,000 ohms) which is
used to adjust the bias of the 6C6, A.
This potentiometer is set so that oper-
ation is on the linear part of the char-
acteristic of this tube. After this is
once adjusted it need not be changed
again. Potentiometer P, (also 50,000
ohms) serves as a rough adjustment to
equalize the currents I, and I5. P, can
be used as a fine adjustment, but must
always be approximately equal to R,
The tube 6C6, B serves the function of

balancing the current of the 6C6, A.

To adjust the instrument, insert an
ammeter in series with the plate of the
6C6, A. Adjust P, so that full light pro-

AVIATION ENGINES CHECKED

One of the sound-vroof rooms at the General Motors Allison plant in Indianapolis

from which Allison airplane engines are observed and checked during an eight-

hour test run. The instrument board is an exact duplicate of those used in air-

planes, and a log is kept of temperatures, pressures, oil flow and other data for
comparison with government specifications

www americanradiohistorv com
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THE QUALITY VARIABLE
TRANSFORMER FOR CONTROL
OF A.C. POWER

DURIN G the last three years POWER-
STAT variable transformers have been used
extensively in the manufacturing and communica-
tions industries, and in the government services.
POWERSTATS in this period have earned a
reputation for distinctive performance, depend-
ability, and freedom from maintenance. Included
among the reasons for the general acceptance of
the POWERSTAT transformer are these features:

® HIGH EFFICIENCY—Careful design and use of
highest grade core material result in extremely low
losses. A 7.5 KVA unit has a no-load loss of only
40 watts and a maximum-load-current loss of only 100
watts.

: ® SMOOTH CONTROL-—Advanced methods of
POWERSTAT TYPE 11:6 coil machining technique result in a control that is
,ST\%F IISHASF mechanically and electrically smooth. Output voltages
2 —15 amp. . s .
can be adjusted to within fractions of a volt.

Input: 115 volis 50/60 cycles
® EXCELLENT REGULATION

Qutput: 0 to 135 volts
NET PRICE: $34.00
@ CONSERVATIVE RATING—All POWERSTAT
transformers are rated at 50 degrees Centigrade tem-
perature rise under continuous maximum full load
rated current.

® GLASS—FORMVAR INSULATED WIRE
® LOW COST PER KVA

Standard POWERSTATS are available to operate
on single or three phase for 115, 230 or 440 volt circuits.
Full Voltage Range Types are available in canasiios
up to 25 KVA. Line voltage correction types are
available in capacities up to 75 KV A.

SEND NOW

FOR NEW I2 PAGE
BULLETIN 149

POWERSTAT TYPE 12552
THREE PHASE—OPEN DELTA
13 KVA—28 amp.

Input: 230 volts, 50/60 cycles
Output: 0 to 276 volts

BSS SUPERIOR ELECTRIC CO.

30 HARRISON ST. BRISTOL,CONN.
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imagine a human hair

= o feet thick!

ar ‘@ dmw/o/w)wn/
lo whiche CALLITE costocbocted

7’S hard to picture a human hair even an inch in diameter, but twenty-five
feet . . . ! Yet, that's the order of magnification made possible by RCA
in its new Electron Microscope — 100,000 diameters! One of the outstanding
scientific developments of modern times, the Electron Microscope is an instru-
ment of most intricate and precise construction. Manufacturing tolerances so
infinitely close naturally dictated a meticulous choice of parts and materials.

Some of the unseen but very vital parts which make this precision instru-
ment possible are leads in the press of ionization gauges, and parts for the
hot cathode structure in the electron gun. For these, RCA chose Callite Nickel-
Tungsten-Kulgrid lead wires, and Callite Tungsten filament wire to do a most
exacting job with maximum dependability.

There is a large group of other Callite Tungsten products, each designed
to do a particular job better. Whether it's lead wires, filament wire, grids,
springs, contacts, or formed parts, you know you can depend on Callite.

Manufacturers of electrical contacts of refractory and precious metals, bi-metals, lead-in wires,
filaments and grids — formed parts and raw matevials for all electronic applications.

CALLITE TUNGSTEN

CORPORATION

544-39th STREET H-1A3us UNION CITY, N. J.
CABLE: “CALLITES"
BRANCHES: CHICAGO e CLEVELAND
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duces a plate current so high that it is
almost at the top of the characteristic
curve of the 6C6, A. (This operation is
facilitated by removing the 77, and
inserting a wire shorting plate to
cathode.) Replace the 77, and adjust
the bias for the selected value of plate
current. The voltage drop across the
77 is between 1 and 3 volts.

The resistance [, should be about
10,000 ohms, and the potentiometer P,
should have the same maximum value.
When operating the instrument P,
should first be made equal to E,. Adjust
P, to give approximately zero current
(with P, set to give maximum sensi-
tivity). Readjust P, and P, until the
meter is exactly zero. Decrease the
light (as explained below) until the
light falling on the cell is the same as
it would be if it passed througn a.
area whose density is the greatest you
desire to measure. Adjust the shunt
P, until the meter reads full scale
for this light value.

Fig. 1 — Circuit diagram of the

bridged amplifier used with the

phototube. The upper 6C6 tube is
“A"”, the lower “B”

i Fhototube housing

© ? 6-8vauto headlight bulb ..o ceaie

—
0310 2 40 ) DISTANCE, CM 160
006 12 1.8 74  FQUIVALENT DENSITY 30

Fig. 2—Method of calibrating the
densitometer on an optical bench

The method of calibrating the instru-
ment is shown in Fig. 2. The aperture
of the photocell is placed over the zero
mark of an optical bench (or a meter
stick). The filament of the headlight
bulb is placed 5 em from it. If it is de-
sired to have the instrument read full
scale for a density of 3, the bulb must
be moved to 1582 em. (The ratio
52:158.22 — 1:1000.) To facilitate ad-
justment of the grid potential of the
77, the lamp can be placed in turn at
9.9, 19.8, 39.6, and 79.1 cms, which cor-
respond to densities of 0.6, 1.2, 1.8, and
2.4. When a potential is found which
gives a linear response for the tube
used, a calibration curve can be made
using closer spacings. A multiplying
factor of 1.26, for example, gives posi-
tions equivalent to density increases of
0.1.
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SMALL BUT IMPORTANT FEATURES THAT MAKE

KEC. U.5. PAT OFF,

BETTER FOR

WHEN designing Ceramicon Trimmers, Erie
Resistor Engineers kept in mind the rigorous services
in which they would be used. Having created an in-
herently stable unit, they realized that this basic sta-
bility must be maintained under extreme conditions
of vibration and shock. The following Ceramicon
Trimmer design features illustrate small, but impor-
tant details that account for the dependability of
these condensers.

1. Ceramicon Trimmers are made of dense steatite
and have a thick, sturdy base that will not fracture
when the mounting bolts are pulled tight.

2. To prevent open circuiting and to insure a low-
loss electrical path, all internal connections are sol-
dered, with the exception, of course, of the wiping
contact of the rotor shaft. All metal parts are non-ferrous
and are silver plated to guard against corrosion.

3. Ceramicon Trimmers have a 360° rotor that
completely covers the entire track on the stator. Con-
tacting surfaces of the rotor and stator are lapped opti-
cally flat. These features prevent dust and other foreign
matter from affecting the characteristics of the unit,
regardless of the point at which the trimmer is set.

4. Once the rotor has been adjusted, it will not be
altered by vibration, as in addition to being statically
balanced, a constant-pressure berylium spring holds it
firmly in place. Ceramicon Trimmer specifications call
for a rotor torque averaging 1 inch pound.

Details make perfection! Write for a data sheet
that completely describes all the details that make
Erie Ceramicon Trimmers better for use in your mobile
and aircraft equipment.

AIRCRAFT AND MOBILE UNITS

o

Thick sturdy base

12/

Soldered internal
connections

3

Completely
covered track

4

Vibration-proof
adjustment
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writers'

Sensitivity control;
DC sets; Line switch for small sets; Small motor
control; Tap switch for power transformers; etc.

Approval for .75 amp. 125 voits. Also
supplied as Type $5-2 with three terminals and
double throw for: Two-position tone control;

WL

For handling small power circuits Stackpole has developed
a complete line of compact inexpensive switches with
innumerable applications . . . Designers can save time,
money and space by getting acquainted with the wide
variety of types at their disposal . . . Give us your switch
problem and we will give you the answer—quickly!

TYPE SS-1

—a single pole, single throw switch with Under-

Changeover switch for AC-

writers'

TYPE SS-3

—a double pole, double throw switch with Under-

Approval which suggests itself for the
following uses: Change-over switch for 110 volt
battery sets; Band change switch; Phono-radio
switch, and many other uses. Supplied also as
$5-4—a double pole single throw type.

1. VARIABLE RESISTORS—
° For use as volume con-
trols, tone controls, potentio-
meters for controlling volt-
ages, rheostats for controlling
current.

2. FIXED COMPOSITION

° RESISTORS — Insulated
resistors rated at 1/3 watt,
/2 watt and | watt. Non-
insulated resistors rated at !/
watt | watt and 3 watt. Re-
sistance range 10 ohms to 20
megohms.

3. SLIDE OPERATED

* SWITCHES—A complete
line of slide operated switches
either indexed or momentary
contact type ranging from
single pole, single throw to six
pole, double throw. Many of

STACKPOLE MAKES:

these types have been ap-
proved by the Underwriters'.

4, ROTARY INDEX

* SWITCHES—For use as
tone control sensitivity con-
trols, or any other application
requiring indexed switch posi-
tions. Available only in single
pole type with maximum of
four positions.

5. TOGGLE SWITCHES—

Tab mounting snap
switches with external toggle.
Approved: by the Under-

writers'.

6. IRON CORES—Com-
° pressed powdered iron
cores for use in permeability
tuning, inductance trimming
or fixed inductance IF coils.

WRITE FOR SAMPLES AND PRICES

In addition to the above radio products the Stackpole Carbon
Company manufactures every known type of carbon products.

L

A

STACKPOL
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[ If a film strip having a number of
| density steps is made and measured
while the calibration is still fresh, the
optical bench can be eliminated if at
some future time one of the tubes is
replaced. The method described by
Wm. G. Houskeeper* for making
density strips is simple and adequate.
However, since typewriter spacing is
usually 0.1 inch, it would be best to use
either double spaces or make the meas-
uring aperture less than 0.1 inch. This
densitometer could be used with such
an aperture. The author happened to
have a phototube mounted with an
eighth inch aperture and used it. Com-
pensation can be made by operating the
lamp at more than 6 volts.
|

After the calibration has been es-
tablished on the optical bench, changes
in plate voltage have little effect on
the shape of the curve, since mere dif-
ferences in plate current are indicated
on the ammeter.

Calibration Technique

Although the inverse square law is
| valid only for a point source, calcula-
tion indicates that the error will be less
| than 1 per cent if the distance from
filament to aperture is at least ten
times the largest dimension of the
‘source. Since the filament of the bulb
is about 3 mm long, and the smallest
distance used is 5 em, or 50 mm, this
error is negligible.

Errors of serious magnitude may be
introduced if the orientation of the
light source relative to the aperture is
not maintained. The candlepower in
the plane of the filament is less than
half the candlepower in a vlane per-
pendicular to the filament plane.

The photocell is mounted as close to
the measuring aperture as possible.
‘Table I is calculated for an assumed
distance of 1 inch between the aperture
and cathode surface. It demonstrates
that the relative area illuminated
varies from 225 per cent to 104 per cent
for the calibration distances used. In
spite of this wide variation, no diffi-
culty has been experienced.

TABLE I
Comparison of
Diameters,
Hllumin.  Comparison of
Position ated Areas Ill.
of Area and Area and
| Light Source Aperture  Aperture
| cms Per cent Per cent
J 5 150 225
[ 10 125 157
20 113 127
160 102 102

The principal source of error lies
in the difficulty of measuring the initial
5 cm distance. A 1-mm error introduces
a 2 per cent error in the measurement
of low densities, though a negligible

CARBON | Gremy BN LA
COMPANY

ST. MARYS, PA.

An optieal bench is ideal for cali-
bration, since measurement is simpli-
fied, and the orientation of filament is
easily maintained. If one is not avail-
able, wooden guides could be tacked to
a bench and the source mounted on a
board to slip between them. The room
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Low-Loss Insulation at Low Cost
WITH “BAKELITE” PHENOLIC PLASTIC BM-262

Because of its superior low-loss characteristics, yet com-
paratively low cost, BAKELITE Phenolic molding material
BM-262 offers the electronic industry greater opportunities
for improving the performance of high frequency equip-
ment where low power facror, high dielectric strength,
high resistivity, and low water absotption are required.

The power factor of BAKELITE Phenolic BM-262 at
1,000,000 cycles, for instance, is only 0.007, while its
dielectric constant at the same frequency is but 5.0. Being
also inert to moisture, and unaffected by the varying tem-
peratures encountered in service, this unique material is
employed to particular advanrage by Aerovox Corporation
and other radio parts manufacturers to encase a wide variety
of capacitors.

Economical fabrication of these capacitor casings is as-
sured with BAKELITE Phenolic BM-262, regardless of the
difference in sizes and forms. Each is produced completely

ELECTRONICS — March 1941

in a single molding operation—with trade-mark and iderti-
fying letrering sharply defined. For the smaller types,
parts made from metal and other materials are securely
embedded during the molding process.

Our Development Laboratories welcome the opportunity
of working with you to adapt BAKELITE Phenolic BM-262
to your particular requirements.

BAKELITE CORPORATION, 30 East 42nd Street, New Yark
Unit of Unian Carbide and Carbon Corporation

BAKELITE
ety ot s:“.t.l..'ct' o
PLASTICS HEADQUARTERS
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A Relay must not only be well
designed and well built, but it
must also fit the job as to capacity

and assembly details for truly
efficient operation. Ward Leonard
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BULLETINS TELL THE WHOLE

RELAY STORY

Relays are known for their crisp

action, sturdiness and longevity.
The scope of the Ward Leonard
line permits selection without
compromise.

RELAY BULLETINS

BULLETIN 105
“Little Giant single
pole, single and double throw.
Controls %; HP on 115-230V.

Relay’’

BULLETIN 106
Midget Relays for light duty
available in single and double
pole, single and double throw.

BULLETIN 81
Intermediate Duty Relays in
single and multi-pole arrange-
ments, single and double throw.

BULLETIN 131 & 132
Heavy Duty Relays single and
multi-pole, single and double
throw, contacts rated up to 25
amp. on 125-250V.

BULLETIN 251
Sensitive Type Relays for direct
and alternating current operat-
ing on .014 watts.

BULLETIN 351
Thermal Time Delay Relays
with thermostat built ipto relay
assembly.

BULLETIN 362
Motor Driven Time Delay Re-
lays for operation on alternat-
ing current.

WARD LEONARD

Electric Control Devices Since

1892
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Please send me Bulletin No. ...........................

! WARD LEONARD ELECTRIC CO..

o

E Name

E Firm

E Address ... ... ..

E City e Sy 87 B ik B e bbb b ) A s
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. State

32 South Street, Mount Verron, N. Y.
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should be darkened during calibration.
The arrangement used by the author
gives diffuse density, since the size of
the phototube cathode assures the col-
lection of all light penetrating a film
placed immediately in front of the
aperture. The arrangement could be
modified to give specular density.

Practical Considerations

A densitometer should be a complete
instrument, always ready for use, with
its own galvanometer, batteries, and
other accessories. It should be designed
so that it is ready to operate as soon
as the tubes are heated. The instru-
ment built by the author has about fif-
teen minutes warm-up period, which
1s probably the time necessary for the
grid battery to settle down to a steady
voltage. On several occasions the in-
strument has been operated for eight
hours, with no perceptible change in
response over this period.

Care must be taken to light the fila-
ment of the 77 tube before the grids of
this tube are connected to a potential
source. Failure to do this may result
in erratic action.

One of the greatest sources of error
is the fluctuation of the voltage on the
lamp. A series resistance and a volt-
meter are used to keep the lamp volt-
age constant while operating.

In use, it is usually necessary to
mark the areas to be measured with
ink, as it is impossible to see when an
area is centered in front of the meas-
uring aperture by reflected light. Since
this takes a great deal of time, the
instrument can be arranged so that the
measuring aperture can be examined
by transmitted light. The phototube
may be mounted in a light-tight com-
partment on a platform which can be
swung away from the measuring aper-
ture by an external lever. A second
aperture is placed in the rear wall of
the compartment in a line with the fila-
ment and measuring aperture. When
the cell is in position for taking read-

NAVAL OFFICER INVENTS
RADIO CONTROLLED BOAT

A close-up view of the mechanics
of the radio controlled power boat
built by Lt. Henry W. Wickes. The
motor and driving battery are at the
left: the receiver at the right. The
metal rod near the rail is the an-
tenna. The small boat has a cruis-
ing radius of about eleven miles
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Sealer’

for A.C.Circuits

TRANSTAT~

VOLTAGE REGULATORS

HE Type "TH" Transtat Regulator is

being selected for numerous voltage-
control applications because of its many
advantages over resistive and tap-
changing methods. Voltage may be
changed gradually, and without circuit
interruption, from zero to values con-
siderably higher than line voltage. More-
over, it offers high efficiency, flexibility,
good regulation and rugged construction
at low cost. All of these features are
possible in the Transtat because it is a
continuously variable auto-transformer—
the ideal voltage control for alternating-

MER
RAS

@® Send for new 20-
page bulletin with
complete engineer-
ing data.

AMERIRAN

AMERICAN TRANSFORMER CO.
|78 Emmet St., Newark, N. J.
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Transtat Regulator.
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RATINGS

For loads from 500 Va. to
20 Kva.

For 115-, 230- or 460-volt
input.
For single-phase or poly-

phase service.

For frequencies of 25, 50 or
60 cycles.

Output range 0 to
of input voltage.

113%

Rated current at any output
voltage.

Manually operated, air-insu-
lated type.

CHARACTERISTICS

Smooth control without cir-
cuit interruption.

High Efficiency* wunder
operating conditions.

Good  regulation*—output
voltage practically

all

inde-
pendent of load.

Low operating temperature
—55° C. rise.

Voltage change is at uni-
form rate.

Practically no effect upon

power factor.
Low exciting current — from
1% to 6%.
Does not cause wave-form
distortion.

FEATURES

Small size and light weight

for power rating.
Mounting is rugged, venti-

lated and reversible.
Brush is

counter-balanced.

self-aligning and

Dials are calibrated to in-
dicate output voltage.
Polished Commutator pre-
vents sparking and arcing.
Glass pre-
vents damage from heat.

coil insulation

Several units may be ganged
on one shaft.

NEW CATALOG

Catalog (20 pages) gives com-
plete data on 63 standard
ratings, including 12 pages
with 26 diagrams telling "How
to use the Transtat.'

*See Performance Curves

AMERICAN TRANSFORMER CO.
178 Emmet St., Newark, N. J.

Please send me Bulletin 51-2 with complete data on
Transtat Yoltage Regqulators.

. State...........

1901 =

N. J. & Type 'THY
E Name .
H
E Company
§ Address
é City. ...
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GAMMATRONS

Steady progress in scientific design and efficient
manufacture by GAMMATRON engineers has made
possible anincrease in value of over 500% in a short
thirteen years which is now passed on to GAMMA-
TRON users. Itis natural that the pioneers of tanta-
lum tube engineering should assume today’s lead-
ership. Benefit by this experience—investigate
GAMMATRON tubes. Write for data on the complete

power range of 90 to 5000 watts output today.

KAUFMAN

SOUTH SAN FRANCISCO CALIFORNIA. U-S-A-

www americanradiohicstory com

ings an extension of the photocell
mounting covers the second aperture
so no light can enter. While it is diffi-
cult to see with reflected light whether
an area of density greater than about
one is properly over the aperture, the
dividing line between densities 3.0 and
3.1 can easily be seen in transmitted
light.

The light source and photocell are
purposely mounted on one edge of the
box containing the batteries and tubes
so that the circuit can be readily
adapted to the measurement of reflec-
tion densities. In Fig. 4, G is a board
parallel to the plane of the aperture.
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Fig. 3—-Calibration curves obtained
at different grid voltages

o
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Fig. 4—Arrangement of the optical
elements of the densitometer

It can be equipped with grooves in
which a standard size strip of paper to
be tested can be slipped. The point P is
the foot of a perpendicular from the
aperture. The light source and lens are
arranged to form an image of the fila-
ment at P. The lens may be a projec-
tion lens from an 8- or 16-mm movie
projector. A second lens focusses an
image of the first image in the plane of
the aperture. When white paper is at
the point P, the densitometer can be
adjusted to read zero. When the paper
is slipped along in the guides so that
the image falls on denser silver de-
posits the instrument will read the
higher density of the deposit relative

I to the assumed zero. This is satisfac-

March 1941 — ELECTRONICS



Greatly magnified cross-section of
finished IRC Type BT Insulated
Resistor showing the unique inter-
nal construction. Element is com-
pletely sealed by molded, insulat-
ing phenolic. Leads anchored inside
insulation cannot turn or pull loose.

INTERNATIONAL

403 NORTH BROAD STREET .+ PHILADELPHIA, PENNSYLVANIA

5000 OHMS

(AS SUCH)

is Only Part of the Story

Following the far-reaching success
scored by IRC Insulated Resistors, it
was inevitable that many other insu-
lated resistors should appear. It was
also inevitable that all insulated resis-
tors should look so much alike as to be
confusing to the user who does not
examine the construction. Beneath the
insulation, however, resistor similarity
ends with amazing abruptness.

The IRC Insulated Resistor was de-
signed from the ground up for what itis
—an integral, scientifically constructed
unit offering a new and distinctly differ-
ent approach to resistance engineer-
ing problems.

IRC resistor insulation did not come
in the nature of an afterthought. It did
not come as something added to an old

& —————————1

and possibly cutmoded type of resistor
construction.

IRC insulation is far more than an
insulator. It assures humidity charac-
teristics hitherto unobtained. It facili-
tates rapid, low cost resistor manufac-
ture. It anchors the leads. It seals the
unit from* end to end. Above all, it
simplifies and modernizes the use of an
exclusive resistance principle that has
proved its superiority since the early
days of Radio—the famous filament
type of resistance element.

Insulation is highly important in
itself, to be sure. But it is only part of
the story. Not this protection but what
it protects is the final determining fac-
tor of quality—and here IRC Insulated
Resistor construction reigns supreme.

o - —— .

1. A glass tube continuously 2. The tube is coated with a 3. Special leads have enclosed,
drawn with utmost precision to Metallized filament type resis- positive contact to element
the size of a small pencil lead, tance material permanently which cannot open. Leads in-
is the beginning of an IRC Type bonded to its outer surface and serted inside element tube draw

BT Insulated Resistor.
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stabilized by a baking process. heat rapidly out of the resistor.,

INSULATED Type BT

RESISTANCE COMPANY
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tory for most purposes, but must be
used with caution when comparing
tinted paper stocks and toned images,
since the response of the cell differs
greatly from that of the eye. Measure-
ments of the densities of any one strip,
or of similar strips are reliable, but
comparisons between strips of different
tint and tone are not.

The meter used is a 0-50 microam-
pere instrument, having a resistance of
100 ohms. If it is desired to build an
instrument reading up to density 3, a
scale of 0-3 would make a calibration
curve unnecessary except for extreme
precision. A 1-milliampere instrument
might be used, but a 300-microampere
meter would be ideal.

REFERENCES

1 Photo Technique, p. 532, December 1939.

2 A Linear Photoelectric Densitometer, Carl
W. Miller, Review of Scientific Instruments,
p. 125, April 1935.

uD SE 4 2 A Vacuum Tube Circuit to Measure the

- . Logarithm of a Direct Current, Review of

STO c K 1 Scientific Instruments, November 1939. Vol.
10, p. 336.

3 Photo Technique, p. 36, January 1940.
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Thermal Delay Relays
In Tube Circuits

By WALTER BAcCON
Conventry, England.

WHEN USING RECTIFIERS of the mer-
cury-vapor type it is essential that the
high voltage shall not be applied to
the anodes until the filaments have
been given ample time to warm up, as
otherwise dangerous stresses will be
caused. A common method of insuring
this is to close the high-voltage cir-
cuit by a thermostat, the heating ele-
ment of which is connected to the same
supply as the filaments. This gives
full protection when switching on initi-
ally but, in its simple form, suffers
from the defect that it is left on all
the time. Thus, should the power sup-
ply fail, or be switched off momentar-
ily, and come on again after only a
short interval, the thermostat may not
have sufficient time to cool down. High
voltage will then be applied to the
filaments before they have warmed
up and it may cause serious damage.

—m————
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Fig. 1—Basic relay circuit

A more recent circuit which greatly
lessens this risk is shown in Fig. 2.
The high-voltage ecircuit is made by
means of a relay, the coil of which is
in series with the thermostat contacts.
When the thermostat has warmed up,
the relay operates, locks itself in by
means of the contacts 3 and 4, and
cuts off the current to the thérmostat
coil by means of the contacts 5 and 6.

-

£, [orht with OHMITE

RHEOSTATS « RESISTORS ~ TAP SWITCHNES
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FOR DESK, WALL OR PANEL MOUNTING

TTRACTIVE stream’ined appearance, versatile util- Especially Designed for
ity, and exceptional acoustic performance are capa- Radiooh C s
bly combined in the new JEFSEN “Speech Master’’— adiopaone ommymcatzon
designed especially for highly effective speech repro- 'A.1rl1ne—Pol1ce .
duction at moderate lev=ls. Eficient, fully-enclosed PM Aviation— Commercial
structure. Rugged moving syst=m. Internal provision for Intercommunication
transformer mounting. One-Way & Talk-Back
Desk Type. .. complete with base . . . “tilt"” adjust .
ment . . . for desk or wall mcunting . . . List Price $9.95. L’:’giﬂg Sl'yésteps
Panel Type . . .for racx or cabinet assemblies .. . List paltevE o Biene
Price $8.10. Public Address
Bulletin 106 gives complete details. Low-Level Extensions
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MODEL

WR-40

Utilizing four dual.
diaphragm crystal cartridges
with eight diaphragms. Per-
mits cable lengths of more
than 200 feet or approxi-

maely double that of M
ey [} odel

List Price $29.50 List Price $39.50

MULTI-UNIT MICROPHONES

In Two Models For Deluxe Installations

For studio and public address installations requiring high quality equip-
ment, Astatic WR Series, Multi-Unit Crystal Microphones are comparable
with the finest, regardless of type or cost. These microphones are built
with dual-diaphragm crystal cartridges in multi-unit arrangements, assur-
ing high fidelity reproduction. The overall frequency response of the
WR-20 and WR-40 Microphones is exceptionally smooth up to 10,000
cycles and free from objectionable peaks and dips. Due to this interior
assembly design, these WR Series Microphones cannot be acoustically
overloaded. This feature recommends them highly for recording studio,
orchestra and public address applications. Tilting-head design with
Astatic’s self-locking hinge not only conceals and shields lead wires but
also protects these wires from breakage.

MODEL
WR-20

Utilizing two dual-diaphragm
crystal cartridges with four
diaphragms. Permits cable
lengths approximately
double that of conventional
crystal microphones.

See Your Astatic Radio Parts
Jobber or Write for Catalog

In Canada: Canadian Licensed Under Brush
Astatic, Ltd., Toronte, Ont. Development Co. Patents

ASTATIC MICROPHONE LABORATORY, Inc. P
YOUNGSTOWN, OHIO P
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| The thermostat cools down, and mo-

mentary failure of the power supply
will cause the relay to fall out and the
full delay to be applied before the
high voltage comes on.

Though this is a great improvement,
it cannot yet be described as 100 per
cent perfect. The reason will be seen
if the details of operation are consid-
ered. To begin with, suppose that the
thermostat is completely cold. Voltage
is applied to the coil, which warms up.
After the normal delay time the ther-
mostat contacts close, the relay is op-
erated and the thermostat begins to
cool down again. Consider what will
happen should the supply voltage fail
during this period. When the voltage
fails, the relay will fall out and the
delay circuit will be in its normal un-
operated condition with the important
difference that the coil of the thermos-
tat is still warm. So if the supply is
restored within a short period voltage
may be applied to a partially warm
thermostat coil. The thermostat will

| thus operate sooner than usual and

high voltage will be applied to the
rectifier anodes before they have been
given the normal time to warm up.

The effects of this reduced delay will
however be mitigated by the fact that
tube heaters have only been given a
limited time to cool down. Thus it is
very probable that the tube heaters
will reach a safe temperature in a
much less time than usual. If, for a
given cooling time, the time taken by
the tube heaters to reach a safe tem-
perature is less than that taken by
the thermostat to operate, we may con-
sider that the thermostat gives com-
plete protection to the tubes under all
conditions.

To determine whether this is so or

#-Wave mettlic recti frer

{ y I
" (7o tube H--- 1- 7o high)
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| lsuoply Relay supp‘g/
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Fig. 2—Lock-out type of self-protect-

ing relay
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Fig. 3—Relationship between cool-
ing time and operating time
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DISSIPATES HEAT

fo/lobie/f et andllife

With SPEER Graphite Anodes, trans-
mission and power tubes have longer
service life because the anodes can-
not be damaged by overloading. They
will not warp, fuse, soften or blow.
With SPEER Graphite Anodes, tubes
handle more power because their rela-
tive heat dissipating value exceeds
that of all other anode materials.
SPEER Graphite Anodes tend to ab-

sorb gases given off by other elements.
For tube life and power, use tubes
with SPEER Graphite Anodes. List of

tube makers and Anode Data Book

sent on request.

SPEER CARBON CO. @

ST. MARYS, PA.

@ 265
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Patented U-shaped

Now serving a large number of
the leading radio and electrical

equipment manufacturers. Complete

manyfacturing facilities — experi-
enced, skilled engineers — quality
raw materials vsed — guaranteed

workmanship.

May we discuss your design prob-
lems with you or quote from your
blueprints? Your inquiry will receive
prompt attention.

A.W. FRANKLIN'

175 VARICK STREET . . .

. NEW YORK, N: Y.

Sockets * Terminal Strips * Plugs ¢ Switches * Metal Stampings

www americanradiohietory com

e N

il s

£

not we need the following informa-
tion: (1) The time taken by the ther-
mostat to operate after cooling for a
given period. (2) The temperature
reached by the tube heaters when
heated for a given time after being
allowed to cool for a given period.

The first part of this information is
easily obtained. Normal voltage was
applied to the heater of a thermostat
wired up in the cireuit of Fig. 2. The
element duly closed and began to cool
off again. It was allowed to cool for
a given number of seconds. Voltage
was then again switched on and the
time in seconds taken by the ther-
mostat to operate was noted. This was
repeated with values of cooling time
from five seconds upwards and a curve
of operating time against cooling time
plotted. This is shown in Fig. 3.

It will be observed that with less
than five seconds cooling time the ther-
mostat takes no time at all to operate,
in other words it takes five seconds for
the thermostat to come out of contact.
As the cooling time increases above
five seconds the curve rises sharply,
bends over and rises less sharply for
some time, and finally becomes prac-
tically flat for cooling times of greater
than 180 seconds. The delay is then in
the neighborhood of 42 seconds and
only increases very slowly with in-
crease of cooling time. It is not, how-
ever, until after a considcrable time
has elapsed that the thermostat at-
tains its final value of delay time,
which was found to be some sixty
seconds.

Fig. 4—Current vs. time in seconds
for values of cooling time

To determine the actual temperature
of the tube heaters would be a mat-
ter of great difficulty. But the tem-
perature of the heaters fixes their re-
sistance; and their resistance fixes the
current through them. Thus we may
take the shape of the current time
curve as an indication of the way tem-
perature will vary with time. Where
the current curve is falling rapidly the
temperature will be low and rising
rapidly; and where the current curve
is flat and almost horizontal the valve
heater will have practically attained
its final temperature.

A series of curves were taken for
the two rectifiers controlled by the
thermostat mentioned above. The heat-
ers were switched on and allowed
to attain their normal operating tem-
perature. They were then switched
off and allowed to cool for a given per-
iod, after which they were again
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CONTRIBU

* HE I. T. & T. Selenium Rectifier is not
a plane, a tank, a battleship or other
instrument of war...but wherever direct

current is required from an A. C. source, it
is becoming more and more popular among
the manufacturers of national defense
equipment.

Low back leak, compactness, wide tempera-
ture range, mechanical and electrical stability
are but a few of the outstanding features of
these rugged but light weight rectifiers which
have met successfully every rigid test given
them by Government Defense Departments
in their search for the best.

Consulting engineering services availab.e for specific requirements

Address Rectifier Division for descriptive bulletin

INTERNATIONAL TELEPHONE DEVELOPMENT CO., INC.

137 Varick Street, New York, N. Y.
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“SAVES PLENTY
WAMPUM"

says Chief Engineer

The new 250 Watt Western
Electric Transmitter offers
you amazing operating econ-
omies. It’s designed by Bell
Labs...features low power
consumption, low tube cost
and low maintenance cost,
plus highest signal quality,
utmost compactness and
accessibility. Get full details
from Graybar Electric.

BLILEY ELECTRIC COMPANY

UNION STATION BUILDING ERIE, PA.

www americanradiohistorv com

switched on and the current through
them noted from the instant of switch-
ing at intervals of five seconds. This
was repeated with values of cooling
time up to forty seconds and a series
of curves of current against time for
various values of cooling time plotted.
These curves are shown in Fig. 4.

The curves follow the shape to he
expected, i.e. they come down rapidly
at first and then flatten out to the
normal current of three amps. Initial
current is less as the delay is less.

The curves of Figs. 3 and 4 taken
together give us the information we
require. A value of cooling time was
taken. From the curve of Fig. 3 the
value of thermostat operating time
corresponding to this was found. Se-
lecting from Fig. 4 the tube current—
time curve with the same cooling time,
the value of current was found for the
operating time obtained above. This
current is the current the tube heaters
will pass at the instant the thermostat
operates, after it and they have been
allowed to cool for the given time. It
hence represents the temperature of
the heaters when they are switched on.

By taking different values of cool-
ing time in this manner a curve of
heater current against cooling time
was plotted and is shown in Fig. 5. It
will be seen that for cooling time
greater than 40 seconds the tube cur-
rent is very nearly equal to the nor-
mal value, i.e. the tube has very
nearly attained its normal tempera-
ture. Between this and 10 seconds the
current goes up rapidly, but below 10
seconds the curve appears to flatten
out again and approach a limiting
value of 3.14 amps.

. 1 L

20 40 60
Seconds

Fig. 5—Heater current vs cooling
time, from Figs. 3 and 4

Consulting the current time curves
we see that this value of current is
well on towards the flat portion on any
of them: that is to say that in the
worst condition the tube will have sub-
stantially reached its final temperature
so the protection afforded by the ther-
mostat is quite adequate.

The thermostat was of the ordinary
type consuming 4 volts, 1 amp. The
tubes were two 1500-volt mercury va-
por rectifiers with a filament voltage
of 5 and a filament current of 3 amps.
each. The curves obtained will, of
course, differ from thermostat to ther-
mostat and from tube to tube; but it is
hoped that this article will have indi-
cated the general character of the
results to be expected and an experi-
mental technique for obtaining them.

March 1941 — ELECTRONICS



~ CA-255
400 VoC

E lectrical condensers only

. . . nothing else . . . made by an
engineering and producing or-
ganization which we believe to
be the most experienced in the
industry. No job is too small
to interest us . . . no job is too
large for our ample facilities.
Your inquiries are solicited.

SOLAR‘ MFG. CORP.

Bayonne New Jersey
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UNAFFECTED BY DUST
DIRT OR TEMPERATURE

SET SCREW ADJUSTMENT
FOR DELAY INCREASE

FOR USE WITH EITHER
AC OR DC CURRENT

DIVERSITY OF TIMING
EFFECTS POSSIBLE

POSITIVE SNAP-ACTION
TYPE CONTACTS

® One relay that meets many
control requirements is the Agastat
—the instantaneous recycling unit
that offers multiple timing effects
by circuit combinations. It is espe-
cially adaptable where precision
performance must be maintained
even under severe service. Used
with either AC or DC circuit, the
Agastat is simple
in operation, fool-
proof in construc-
tion. Send for
Bulletin N-40 giv-
ing complete data
and

details; no obliga-

construction
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Receivers for the Tropics

(Continued from page 28)

cities, a considerable number of re-
ceivers bound for Latin America
can be expected to be subjected to
salt water mist in some degree.

Aside from the usual failures
that befall a receiver, the following
faults occur with monotonous regu-
larity, even in quite new equipment.

Fine wires corrode rapidly and
break, especially if the wires carry
high potentials and are held in place
by adhesive tape, glue, or cardboard
and fibre forms. This makes a high
mortality rate in loudspeaker field
coils, output transformers, power
transformers, and i-f and r-f coils.

Investigation shows that the
breaks always occur where the wires
are touching some fiber or adhesive
material; or near the terminals
where soldering flux or the oil from
human hands may have played a
corrosive role. It occurs frequently
in coils that have been painted with
insulating compound. However, if
the coil has been both hot and cold
dipped in a wax or other impreg-
nating material, it seldom gives
trouble. The recent article by Ste-
phens and Gehrenbeck® no doubt
points the way to a correction of
these . difficulties. Switch contacts
and the wiping contacts of tuning
condensers give frequent trouble due
to corrosion, but can usually be
cleaned.

Moisture, and the accompanying
growth of green mold on the wiring,
increases the leakage paths in the
receivers. The @ of coils is fre-
quently changed so much by this
that both the sensitivity and align-
ment of a receiver are thrown com-
pletely off. The a-v-c action is some-
times nullified because the leakage
resistance of the wiring is less than
the value of the filter resistors in
the circuit.

A rusty chassis usually does not
affect the operation of an otherwise
well-built receiver, but if large
patches of rust appear before it can
leave the dealer’s shelf its sales ap-
peal is definitely affected, even in

lcoun‘cries where rust is an all too

common sight.
United States furniture dealers
ordinarily withdraw the guarantee

www americanradiohietory com

on their product if it is shipped to a
tropical climate. Radio cabinets
seem to withstand the climate com-
paratively well, however. There are
instances where the glue has failed
and the finish dulled, but the ex-
tremes of the temperate climates
probably test a radio cabinet more
than tropical humidity. Cabinets
of plastic materials eliminate the
problems which might be encount-
ered along this line.

The climate plays another import-
ant role in radio reception in the
tropics. The static level is so high
throughout the standard broadcast
band that only local reception is pos-
sible most of the time. Most Latin
American stations broadcast simul-
taneously on both standard and
short wavebands. Thus, all the pro-
grams are available on the short
waves. However, the customer must
buy an all-wave receiver to obtain
short-wave reception. In most cases,
the purchase will consist, by neces-
sity, of a receiver with well engi-
neered broadcast-band reception,
and with indifferent short-wave re-
ception added for sales appeal.

The customer may have to buy a
larger set than he wishes to obtain
the short wave reception. He may
have a 50- or 75-watt heater in-
stalled inside the cabinet to keep
it drier and to prevent humidity
failures. Since electricity is expen-
sive in Latin America, both these
items add greatly to the cost of op-
eration and maintenance. None of
these factors make contented users.

Except in the Canal Zone, where
United States standards of living
prevail, the average income in ‘the
tropical Americas is comparatively
low. The economic systems have a
much broader base of low wage earn-
ers. It would seem that, if the
radio dealer is to reach deeply into
this market, he must have a low
priced short-wave receiver (not nec-
essarily all-wave) which is efficient
and is properly protected against
high humidity.

1“Causes of Corrosion of Fine Copper
Wires Carrying a Potential” H. N. Stephens
and G. B. Gehrenbeck, Electrical Engineering,
Jung 1940. Reviewed in ELECTRONICS July,
1940.
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Precise Measurements
of Frequency with

G-R Measuring Equipment

ROM THE G-R PRIMARY STANDARD

OF FREQUENCY, fundamental frequencies
of 50, 11, 10, 9, 1 and 0.1 kilocycles are obtained.
By means of harmonic frequency multipliers in the
primary standard, a large number of harmonics of
each of these frequencies are available, also, at the
output terminals of the standard.

For the precise measurement of frequencies in
terms of these standard frequencies, suitable aux-
iliary and interpolation equipment is needed. The
G-R Frequency Measuring Equipment assembly,
with the Primary Standard of Frequency, makes
possible the accurate, direct, precision measurement
of any frequency from a few cycles up to 25 mega-
cvcles, or higher if external receivers are used.

The units comprising the measurement equipment
are as follows:

Heterodyne Frequency Meter covering the range
of 100 ke to 5,000 kc in sixteen steps. Sufficient
harmonic output is obtained to produce beats
in a high-frequency receiver operating at 30 Mc
or more. For many measurements, sufficient ac-
curacy is obtained through use of direct-reading
finder and interpolation dials on the heterodyne
frequency meter.

Interpolation Oscillator which is a direct-reading,
linear-scale audio-frequency oscillator covering
frequencies between 0 and 5,000 kc. It is used
to measure the audio-frequency differences be-
tween the unknown frequency (or a submultiple
thereof) and a standard 10-kc harmonic. When
the difference is very small, use is made of the
9.11 k¢ standard harmonics to avoid measure-
ments with very low audio frequencies.
Heterodyne Detector with plug-in coils covering
the range from 25 kc to 25 Mec. This detector
is used to obtain beats between the standard
and the unknown radio frequencies.

Regenerative Selective Amplifier which is used
to select any multiple of 1 kc between 1 and 10.
This amplifier is particularly useful when the
cathode-ray Comparison Oscilloscope is used in
calibrations in the upper audio-frequencv and
lower radio-frequency ranges.

Comparison Oscilloscope with 100-cycle and 1,000-
cycle smoothing filters, networks for obtaining
circular sweeps at these frequencies, and switches
for connecting units of the frequency standard
and measuring equipment to the oscilloscope.

. MEASURING
} EQUIPNINT

The assembly is housed in a steel cabinet and in-
cludes a built-in loud-speaker. Permanent shielded
connecting cables between the measuring equipment
and the Primary Standard and for all interconnec-
tions between units of the measuring assembly are
furnished. All connections for actual measurements
are made by suitable switching on the centralized
coupling panel, through which the standard and
e unknown sources and the various measuring instru-
ments are connected. Suitable power supplies for
a-c operation from 115/230 volt and 50-60 cycle

mains are individually built in each instrument.

GENERAL RADIO COMPANY

CAMBRIDGE, MASSACHUSETTS
Branches in New York and Los Angeles
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THE ELECTRON ART

The review of the literature this month

uncovers modulation

interference

studies, a method of locating airplanes
acoustically, characteristics of negative
glow lamps, and the use of radio in coal

mines

Interference in Modulated
Systems

AN INTERESTING mathematical article
on “Interference in Relation to Ampli-
tude, Phase and Frequency Modulated
Systems,” by O. E. Keall appears in
the January 1941 issue of The Wire-
less Engineer, from which the au-
thor’s summary which follows is taken.
Some characteristics of the three sys-
tems of modulation are first described,
the more important are:

(a) In amplitude modulated sys-
tems the amplitude change of the
carrier is directly proportional to the
percentage of modulation and the sig-
nal may be resolved into a carrier of
fixed amplitude together with a pair
of sidebands whose (equal) ampli-
tudes are proportional to the percent-
age of modulation. The intelligence
spectrum is twice the modulation fre-
quency. The maximum radiated power
associated with the intelligence (i.e.
the sidebands) is 50 per cent of the
(constant) carrier power.

(b) In phase modulated systems
the phase displacement of the carrier
is directly proportional to the per-
centage of modulation and the signal
may be resolved into a carrier whose
amplitude decreases on the application
of modulation and a multiplicity of
sidebands whose number and ampli-
tudes vary as the percentage of mod-
ulation. The intelligence spectrum va-
ries as the percentage of modulation
and the modulation frequency, and for
full modulation approaches 2.6 times
the phase displacement times the mod-
ulation frequency (or 2.6 times the fre-
quency  deviation, or displacement,
equivalent to the phase displacement).
The maximum radiated power associa-
ted with the intelligence is very nearly
100 percent of the power of the trans-
mitted.

(c¢) In frequency modulated systems
the frequency deviation, or displace-
ment, of the carrier is direetly propor-
tional to the percentage of modula-
tion and the signal may be resolved
into a carrier whose amplitude de-
creases on the application of modula-
tion together with a multiplicity of
pairs of sidebands whose number and
amplitude vary as the percentage of
modulation. The intelligence spectrum
varies as the percentage of modulation
but is independent of modulation fre-
quency. The maximum radiated power
associated with the intelligence is very

68

nearly 100 per cent of the power of
the transmitter.

(d) When two or more modulation
frequencies exist simultancously, in
amplitude modulated systems the side-
bands in the complex signal are the
sum of those that would be produced
were each frequency to modulate the
carrier independently, but in phase
or frequency modulated systems the
sidebands in the complex signal are
both as to number and amplitude de-
rived from the product of the side-
bands that would be produced were
each frequency to modulate the car-
rier independently.

The effect of an interfering carrier
is then considered assuming the wanted
signal to be unmodulated. It is shown
that the two carriers may be com-
bined in such a way that they may
be completely represented by a single
carrier (of frequency of that of the
wanted signal) carrying an equiva-
lent modulation, this equivalent modu-
lation being dependent upon the ratio
2 of the amplitude of the interfering

signal to that of the wanted signal

[ Interfering amplitude .
P It is a
Wanted amplitude

necessary condition for the wvalidity
of the expansions employed that x
shall be less than unity. When the
interfering signal is greater than the
wanted, the roles of the two signals
are, as far as this analysis is con-
cerned, reversed, the interfering sig-
nal taking charge and the wanted ap-
pearing as an interference thereon.
Under these conditions increasing the
receiver selectivity has in general little
effect and directional reception meth-
ods must be resorted to.

It is shown that the interference
is much less for phase or frequency
modulated systems than for ampli-
tude modulated systems while in gen-
eral a frequency modulated system
is to be preferred to one phase modu-
lated. Next, the carriers are consid-
ered as being modulated by each of
the three systems in turn, the reduced
interference when frequency modula-
tion is employed being maintained. In
both phase and frequency modulated
cases the interference decreases as the
depth of modulation of either carrier
is increased. It is shown that by
means of a graphical representation
of the spectrum, the labor of comput-
ing the equivalent modulation in phase
or frequency modulated systems may
be very materially reduced. Several
examples are given from which the
advantages to be gained by frequency
modulation are made apparent. A
final note stresses the conditions for
which the analysis is valid.

TWO-WAY VEST RADIO FOR NEW YORK POLICE

Mayor LaGuardia looks over a two-way communication system weighing 11

pounds and having a range of one-fifth of a mile. At the left is Police Commis-

sioner Lewis Valentine, while Patrolman William Proctor demonstrates the equip-
ment developed by Gerald S. Morris

www americanradiohietory com
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(Above) PROGRESS IN FM BROADCASTING
offers an expanding field for Isolantite*—the logical
insulation choice for this and other types of radio
work. Photo shows the 50KW FM transmitter built
by Radio Engineering Laboratories, Inc., for The
Evening News Association, Detroit—the third unit
of this type to go on the air. Plate lines and other
units are supported by Isolantite insulators. Photo at
right shows close-up of power amplifier unit.

(Below) LOCATINGPLANES IN FLIGHT ismade
possible by newly developed radio compass. Signals
from plane are picked up at two or more points, em-
ploying this metallic frame antenna, which is rotated
by motor until signal is strongest. Position of plane is
triangulated from directions of the various antennas.

(Right) PRODUCTION FACILITIES are being
expanded at the Belleville, N. J., plant of Isolantite,
Inc., to meet the demand for Isolantite insulators.
Photo shows small 20-ton hydraulic press—part of
the new equipment—being moved into the plant.

el

(GHLIGHES

(Left) ISOLANTITE
STRAIN INSULA-
TORS are especially
popular because of
their high mechanical
strength and low elec-
trical loss, and are eco-
nomical in custom-
made designs. Shown
in the background are
some short wave open
wire transmission lines
and part of alongwave
antenna at RCA’s
Rocky Point Station.

v

"INSULATION

(Below) INSULATOR TROU-
BLES WERE ELIMINATED
in this experimental 1,000,000-
volt radio frequency X-ray equip-
ment in use at a leading university
research laboratory in N. Y. C. by
the use of the new style Isolantite
stand-off insulators. The original
insulators, employing cemented
castings, seriously overheated
within 15 to 20 minutes at full volt-
age. The new Isolantite insulators,
employing spun-on aluminum
shields,have beentested at fullvolt-
ageforpracticallyl6 uninterrupted
hours—without signs of heating.
Insulators used in this equipment
are generally subjected to 25,000
volts at 6 megacycles.

*Registered tradename for the products of Isolantite, Inc.

CERAMIC INSULATORS

ISOLANTITE, INC., FACTORY: BELLEVILLE, NEW JERSEY
SALES OFFICES: 233 BROADWAY, NEW YORK, N. Y,
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Airplane battery
generators cannot fail!

LEADERSHIP!

ECLIPSE use

Compromise with quality?
Not Eclipse Aviation! That’s
why they called in Wilco engi-
neers to help them solve con-
tact problems. The result—
Wilco Alloy No. 50—repre-
sents the highest development
of the art of noble metal con-
tact manufacture. Today, this
new alloy is extensively used
in aircraft equipment because
it gives unfailing service and
dependability.

SR ey am

E

e
L
WILCO corracrs

This is but one of the many
Wilco contact materials
developed during the past
twenty-six years. Wilco lead-
ership is recognized in the
industry for thoroughness and
absolute integrity.

If you use contact materials
or have a contact problem,
the first step in its solution
is to write for the “Wilco
Blue Book of Thermometals
and Electrical Contacts.”

The H.A. Wilson Co., 105 Chestnut St_, Newark, N.J. Branches: Detroit & Chicago

WILC

ELECTRICAL
CONTACTS

SPECIAL ALLOYS . .

PLATINUM . . . SILVER . . . . TUNGSTEN

afﬁfng_ Input Voltage
-130 VOLTS

-~
[ X J
\J
-
-
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INSTANTANEOUS ACTION NO MOVING PARTS

When 2 precision electrical device or a critical process is powered from
an AC line, a Raytheon Voltage Stabilizer will permanently eliminate
all of the detrimental effects caused by AC line voltage fluctuations.
Made for all commercial voltages and frequencies, single or three phase.

Raytheon's twelve years of experience in successfully applying the
Stabilizer to hundreds of perplexing voltage fluctuation problems is at
your service. It will pay you to take advantage of our engineering skill.

Write for Bulletin DL48-71 JE describing Raytheon Stabilizers.

RAYTHEON MANUFACTURING CO.
100 Willow Street, WALTHAM, Massachusetts
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Coal Mine Uses
Radio for Communication

THE RADIO COMMUNICATION system in
use by the Maureen Coal Co., of Spel-
ter, W. Va,, is described in an article
in the January 1941 issue of Coal Age,
by Ivan A. Given. In this system good
communication between the operating
point in a mine and the outside is ob-
tained at a fraction of the cost of a
standard telephone system. The radio
units are of the transceiver type and
utilize the 250-volt trolley system for
carrying the high-frequency waves.
Power for operation of the unit in the
mine is also obtained from this trolley
system.

Mine radio telephone equipment,
built to take abuse

The installation was made in March
1939, with one set permanently located
in the shop at the mine portal and the
other a portable unit kept in the mine
foreman’s shanty two miles under-
ground. Each of these sets was pur-
chased at a cost of $95.

Communication between cars, miners
and shaft is possible at low cost
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IMPROVE YOUR PRODUCTS?

Better quality, more
dependable Pilot Light
Assemblies can go a
long way toward im-
proving your praducts.
Through skillful design,
precision  engineering,
finest materials and
specialization, we've be-
come one of the world’s
largest exclusive manu-
facturers of Dial and
Jewel Assemblies.
Standard and special
types in great variety
and any quantity avail-
able at moderate cost.

PILOT LIGHT
ASSEMBLIES

Our engineers will gladly assist with your problems.
Check up on the exclusive features of our patented units.

WRITE FOR THE DRAKE CATALOG!

DRAKE MANUFACTURING CO.

1713 W. HUBBARD ST.  CHICAGO, U.S.A.

A
LUBRICATED
SLIDING
CONTACT

have a graphited carbon lubricator associated
with the contact brushes. Eliminates scratch-
ing and abrasion—gives smoother operation
cnd a better contact. Makes Jagabi Rheostats
better rheostats.

Write for Bulletin 1620-E

JAMES G. BIDDLE CO.

Electrical Instruments

1211-13 Arch Streef  Philadelphia, Pa.
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When the units were received one
was installed on the haulage locomo-
tive to determine the effective dis-
tance over which the system would

| operate and to locate any bad spots
in the trolley system. A reasonably
good trolley system is necessary for
most efficient operation of the set, as
heavy grounds to hangers, bad splices
and the like result in considerable

| interference. Because of this charac-
teristic, the radio set performs an in-

\ cidental service which is of consider-
able value in that it provides instant
evidence of bad circuit conditions of a
trolley line.

\ Although in this case only two units
are required, it is possible to operate
a number of units without interfer-

‘ ence between each other by the use of

several frequencies. The management

of this mine is of the opinion that one
of the biggest fields for equipment of
this type is in service on locomotives,
not only those hauling coal but also
locomotives for other transportation
equipment used by electricians, sup-
plymen, inspectors or others who cus-
tomarily move around underground
and sometimes must be located quickly.

As this system is inexpensive and can

be connected up ready for operation in

a very short time, it is felt that it lends

itself very well to such portable opera-

tion.

L ® L]

Airplane Location by Electro-
Acoustic Method

AN ELECTRO-ACOUSTIC device for the
location of aireraft, is described in
the December 1940 issue of Electiron-
ics and Television and Shortwave

World. Although complete efficiency

is not claimed for the system, it is

now installed in the large public build-

ings in the London area, and its value

at times when visibility is bad, has

been definitely established. The equip-

ment is described under the title,
| “Aeroplane Spotting by Electro-Acous-
tical Method”.

Essentially the device consists of
a parabolic reflector nmounted on a
tripod in such a manner as to be cap-
able of being swung about in any hori-
zontal or vertical direction. At the
focal point of the parabolic reflector
is a piezoelectric crystal microphone.
The output from the microphone is
taken through a screened table to a
four-stage high gain a-c operated am-
plifier. The output of the final am-
| plifier may be fed into an aural or
‘ visual indicator as required. In prac-
tice an approximate location is ob-
tained by the aural method and a
more precise spotting is accomplished
by use of a meter in the output cir-
cuit of the final amplifier.

It is not claimed that great accu-
racy is obtained with this device, as
many variables enter into the final
results. Reflection of sound gives rise to
erroneous readings and it is difficult
to check a mass flight of aircraft due
to the large area of engine sounds.
However, for a single plane its useful-
ness has been thoroughly proven.

www americanradiohistory com
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MOTORS & DYNAMOTORS

POWER SUPPLY
EQUIPMENT

TO PROVIDE FOR THE COMMON
DEFENSE . . . To this high ideal PINCOR
Products are now dedicated. And to the
manufacturer of PINCOR Products, the
American Government has given its
greatest mark of confidence, the award
of many defense contracts. Not for noth-
ing are PINCOR Power Supply units ac-
cepted as standard by leading manufac-
turers and users . . . the confidence of the
Government confirms them in their
choice. Specify PINCOR the next time
you order. Write or wire for complete
catalogues.

PIONEER GEN-E-MOTQR

CHICAGO, ILLINOIS

xport Address: 25 Warren Street, N. Y, N. Y
Cable: SIMONTRICE, New York
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FM/AM Receplion
by a Turn of the
Bandswiteh with
Hallierafters Model
=31

NEW 1941 Hallicrafiers de-

signed FM/AM Tuner with
the No. 1 band covering all
frequencies used by amplitude
modulated broadeast  stations
and the No. 2 band covering
frequencies used by high fidelity
modulated broadcast stations.
The Model S-31 Tuner combines
both circuits and changes from
FM to AM with the bandswiteh.
8 tnubes, power output 130 milli-
watts undistoried, power con-
sumption 120 watis, operates on
115-125 volt, 60 eyele AC.
Model S-31 Tmner complete
with 19”7 x 8% " rack panel,
metal cabinet and tubes £69.50.

2
|

e ||.mr+.H/

CHICAGO, U. S. A.

USED BY 33 GOVERNMENTS
SOLD IN 89 COUNTRIES

Amplifier
For Model 8-31 Tuner

Designed for use as a com-
panion to the FM/AM Model
S-31 Tuner. Delivers 25 watts
of high fidelity audio power 1o
either speaker or 500 ochm load.
6 1wubes. fidelity 2DB from 50
10 15,000 cycles gain, channel
No. 1, microphone (high im-
pedance) 96 DB, channel No. 2,
phone (low impedance) 60 DB,
power output 25 watts, power
consumption 120 watts, output
impedance No. 1, 500 ohms;
No. 2, 8 ohms; No. 3, 4 ohms.
Dimensions: panel 19” x 834",
Dust cover 18” x 834” x 10”.
Complete with cabinet and 1ubes

$49.50.
®

co.

| Characteristics of Gas Lamps

AN EXCELLENT SURVEY of the character-
istics of commercially available gas
lamps is contained in an article “Char-
acteristics and Applications of Nega-
tive-Glow Lamps,” by H. M. Ferree in
the January 1941 issue of Electrical
Engineering.

As given by the author, the popular-
ity of the small lamp is largely attrib-
uted to the following factors: (1) low
current consumption, (2) insignificant
heat, (3) reliability, (4) long life, (5)
wide voltage range and (6) ruggedness.
Furthermore, the fact that these lamps
do not fail suddenly in service, but be-
come less efficient as a result of gradual
decrease in loss in light output during
a period of some 3,000 hours, accounts
for their extensive use in signalling cir-
cuits, pilot lamp arrangements and sim-
ilar applications. These lamps, of
which the small size neon and argon
lamps are familiar to most radio men
have a negative characteristic and if
these lamps are operated on circuits
of sufficient voltage to cause the gap
to break down, a current would im-
mediately rise to such a value as to
permanently damage the lamps. For
this reason, the limiting resistor is
used in series with the lamps and
lamps are customarily sold with this
limiting resistor permanently in place.
For certain applications, lamps are
obtainable without the external re-
sistance.

In this article three tables showing
the characteristics of standard glow
lamps are given and each table sum-
marizes the important electrical and
illumination characteristics of the neon
and argon lamps. The breakdown
voltage varies from about 45 volts
to 83 volts, although variation may
be expected from lamp to lamp and
the breakdown voltage is also influ-
enced by the amount of light contin-
gent on the lamp since these lamps
show a definite photoelectric effect.
Likewise, the breakdown voltage may
be increased if the ambient tempera-
tures become as high as 75 to 150
degrees C.

Some attention is given to the appli-
cation and use of these lamps as test
lamps, signal or pilot lamps, and as
low frequency generators. As a pilot
lamp the gas tube indicates polarity
since only the negative electrode flows
if direct current is used. The circuit
of the lamp may also be used to indi-
cate whether the circuit is alive (pro-
vided the voltage is greater than the
breakdown voltage) and by indicating
in general the frequency of the supply
by the rate of flicker.

Radio Interference in Elec-

| trical Power Line Insulators

| RADIO

INTERFERENCE originating in
electrical power lines and sub-station
insulators is discussed in an article
entitled “Some Insulator Designs Re-
quire Special Features to Insure Ra-
dio Quietness,” by Charles J. Miller,
Jr,, in the February 1941 issue of

www americanradiohistorv com

Electrical Engineering. Fundament-
ally, the radio interference originating
from insulators is caused by an elec-
trically overstressed condition of the
air adjacent to certain regions of the
insulator. It is a fortunate condition
that overstressed air makes its pres-
ence known by a visual phenomenon
known as corona, or corona discharge.
It was found that the principal regions
of overstressed air were at the con-
ductor and tie wire, and in the pin hole
where thin layers of air are subjected
to intense electric fields. The obvious
solution to this problem is to elimi-
nate the air from these critical regions
or to alter the design of the insulator
in such a way that the intense dielec-
triec field of the insulator between the
pin and the conductor and tie wire lie
wholly within the dielectric medium of
the insulator and not across these
layers of air.

Simple methods of radio-proofing are
discussed and are followed with the
recommendations of the Joint Co-ordi-
nation Committee on Radio Reception
of Edison Electric Institute, National
Electric Manufacturers Association
and Radio Manufacturers Association.

Standards have been set up deter-
mining the maximum radio noise gen-
eration permissible for various types
of transmission lines. Based on these
standards it is shown that the follow-
ing conditions for radio-proofing exist:

1. For distribution voltages up to
4,400 or even 5,500 volts, the small
one-piece pin-type insulators used re-
quire no radio-proofing, even on solidly
grounded pins.

2. If there is 6 to 12 inches of wood
crossarm in series with small one-piece
pin-type insulators on low-voltage dis-
tribution lines up to 13 kv no radio-
proofing is needed on the insulators.

3. Standard untreated pin-type insu-
lators used on 17- to 69-kv distribution
and transmission lines have radio noise-
influence voltages in the order of sev-
eral thousand microvolts at a test po-
tential about 10 per cent above the
usual line-to-ground voltages. Radio-
proofed pin-type insulators, readily
meeting reasonable requirements for
freedom from radio interference, are
avatlable for use on lines in this volt-
age range.

4. Standard cemented pin-and-cap
switch and bus insulators up to the
69-kv rating, with the exception of
the 66-S-class, readily meet the sug-
gested requirements for freedom from
radio interference without any special
“radio-proofing” treatment; they are
inherently quiet.

5. Standard switch and bus insula-
tors for the 66-S-class and the 115-
kv and higher-voltage classes may re-
quire radio-proofing or other precau-
tions to meet the suggested abnor-
mally low requirements. These insu-
lators with slight changes can be made
to meet the requirements readily.

6. Regular cemented pin-and-cap
suspension insulators of modern man-
ufacture readily meet the suggested
requirements for freedom from radio
interference without any form of radio-
proofing; they are inherently quiet.
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Calculation of Cavity
Resonators

“A NEw METHOD for the Calculation
of Cavity Resonators,” by W. C. Hahn
is presented in the January 1941 issue
of the Journal of Applied Physics. In
the development of shortwave tubes
one of the problems requiring consid-
erable attention is that of radio fre-
quency circuits. This is essentially true
because the size of these circuits be-
comes large enough compared to the
wavelength so that their calculation

is really a field problem rather than |

a circuit problem. In the intermediate
range from about a meter down to
about 10 centimeters it has been pos-
sible to approximate the field effect,
reducing everything to a circuit for
certain practical configurations. At 10
centimeters and below these approxi-
mations rapidly become invalid for the
desired sizes of resonators. Thus, an
exact and rigorous method of calcula-
tion is almost a necessity, either for
use directly in design, or if too cum-
bersome for this, for justifying new
approximations which will allow rea-
sonably simple design formulas. The
author states that the method seems

to meet these requirements in so far |

as application of it has been made.
The new method consists of dividing
a cavity into two or more spaces, find-
ing series solutions which fulfill the
original boundary conditions in each
space separately, and then matching
the solutions at their common surface.
Depending upon how the cavity is di-
vided, different series may be obtained.
The solution appears as equations con-
taining the known geometric constants
in a set of infinite series which con-
verge very slowly. Other types of
matching may produce more rapid con-
vergence, but this does not appear
likely at first glance.
these slowly converging series are sub-
tracted from standard series, the sums
of which are known, the new series

If, however, |

converge very rapidly so that if the |

sum of the standard series were tabu-
lated, the process would be reasonably
practical from a numerical standpoint.

A Correction

Mr. L. Malter of the RCA Manufac- |

turing Company was erroneously re-
ported on page 25 in the February
1941 issue of ELECTRONICS as having
stated in his paper before the I.R.E.
Convention that amplication loss results

from the finite time taken for electrons l

to “get started”. Mr. Malter informs
the editors that no such time lag was
reported, and that he set an wupper
limit to the time taken for secondary
emission to occur, which is of the
order of the period of the highest fre-
quency studied.
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% Glance at a few of the electrical control ap-
plications posted above. Yours may be there.
At any rate, it is our purpose here to interpret
briefly how Guardian Electric Engineers can
quickly transform any of your electrical control
problems into a quick solution.

RELAYS by Guardian

Consider that thousands of hours have already been spent designing *7146 Stand-
ard Guardian Control Parts . . . that Guardian Engineers encounter i_ho\ii nds of

control problems, and in 99 out of 100 times . . . Guardian scores a "'bull’s eye

A production sample finished in sparkling chrome or the conyentional dréss of
strict utility is yours for the asking at Guardian ... then ONE or MILLIONS .. . sim-

ple ... complex

...small. .. medium or large . . . delivered AS you want them

WHEN you want them with SPEED that excels anything you've ever heard of.
Send Sketch. Initial Your Letterhead for Free Catalog “'E” Today

GUARDIAN

1625 West Walnut Street

, Atlention :

HEARIN

SOLENOIDS

*Invenfory Count
Jan. 1, 1941

Series BK—16 Relay. Byiltto
minimum tolerances and the
most exacting requirements in
production quantities for the
U. S. Signal*Corps.

ELECTRIC

Chicago, lllinois

MANUFACTURERS OF
/ TELEPHONE RECEIVERS AND

G AIDS —

Model 505 Artificial Ear
and Model 300A Voltmeter

Manufacturers, research workers, otologists, service agencies and lab-
oratories will find this combination ideal for accurately measuring the
efficiency and frequency response characteristics of telephone and
hearing-aid receivers under the same conditions which exist when the
receiver is worn on the ear. The Model 505 Artificial Ear has been
completely redesigned, simplified and reduced: in cost. The Model 300A
Electronic Voltmeter will be found extremely useful around the shop
and laboratory for other measurements. Voltmeter range .001 to 100
volts, 10 to 150,000 cycles, logarithmic scale, AC operation. Adapters
can be furnished for various types of hearing-aid receivers. In use by
leading manufacturers and U. S. Government departments.

Send for Bulletin 6G

BOONTON Ba“an{ine Laboratories, ]IIC. NEW JERSEY

ELECTROACOUSTICAL

INSTRU

MENTS
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Conducting routine test on Olsen machine
Hunter’s inspection Department

Amnother Reason . . .

Why Spri"*S” by Hunter

are used in many of
America’s most famous products

Hunter springs give you the correct spring
action . . . enabling them to do their part in
maintaining the reputation of your product.
Hunter engineers know their business—in
relation to yours. Hunter equipment and
facilities are modern and complete. Careful
selection in design and material—plus care-
ful control of production processes match
your springs exactly to the job at hand.

Write for Specificatian Forms.
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'HUNTER PRESSED STEEL Co.

LANSDALE, PENNSYLVANIA
“Hunter Springs are Enginecred Springs”
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Integrating
Circuit

(Continued from page 35}

Northrup potentiometer, that is, the
voltage drop across the low imped-
ance slide wire, is equal in magni-
tude to the voltage which has ap-
peared across R, due to the clicks.
We have, then, a voltage substitu-
tion or opposition method in which
the voltage developed by the ex-
tremely small leakage current in R
is matched and hence recorded in a
slide wire of low impedance, i.e.
the slide wire of the Leeds & North-
rup recorder.

Since this voltage is linearly pro-
portional to the movement of the
recorder, and, at equilibrium, the
vacuum tube always operates at con-
stant plate current and constant
grid voltage, it is evident that the
vacuum tube and recorder act as a
vacuum tube substitution voltmeter
which is independent of the form of
the tube grid-voltage plate-current
characteristics.

The overall characteristics of the
system remain, therefore, the char-
acteristics of the R-C network, i.e.
pulse rate vs I, (except for second-
ary phenomena discussed in the next
section). This in turn is nearly
linear.

If we wish to consider adjust-
ments leading to close approxima-
tions to overall linearity, it is ap-
propriate to study the voltage and
current relations of the system in
greater detail, at least in the quasi-
equilibrium state corresponding to
a constant, sustained pulse rate.

For a given click rate and speci-
fied closure time, the solution for
the time variation of the current in
various elements of the resistive
network, shown in Fig. 1, is suscep-
tible of exact formulation by the
methods of the operational calculus.®

However, the analysis thus ob-
tained. contains rather involved
mathematical expressions which,
without approximations, do not con-
tribute materially to the physical
visualization of the salient voltage
and current relationship. Moreover,
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Here’s an oppor-

tunity for you to play with—a chance
to do some experimeamting and whip
those ‘‘switch’’ problems you’ve been
up against. The Littelfuse Mercury
Midget is designed for low voltage
circuits up to 25 wvolts A.C. or D.C.
and currents up to 10 amps at 6 velts
and 5 amps at 25 volts. No friction;
no wear; no maintenance prohlem.
Positive make and break operation
eliminates “flickering”.

Two Sizes: 7/16” long and 34" in
diameter and 7/16"xl4” in diameter.
List price 15¢ each.

Some present applications are:
thermostat circuits; auto glove and
trunk compartments; radio door lights;
indicator circuits, etc. What applica-
tion will your experimenting suggest?
Write for full information.

LITTELFUSE, INC.

4755 N. Ravenswood Ave., Chicago, lll.

Take FM

for instance

In the final analysis it's the Speaker
that proves the worth and fidelity of
this newest form of transmission and
reception.

CINAUDAGRAPH SPEAKERS with
their fine heritage of precision per-
formance are admirably fitted to

‘carry on” and augment the splendid
work being done in FM,, Write for
new catalog.

Our engineering department
is al your service.

CINAUDAGRAPH SPEAKERS. INC.
STAMFORD [
CONN.
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leakage and secondary phenomena
probably vitiate the fundamental
network assumptions to a degree
which hardly justifies the elaborate
formulation corresponding to a rig-
orous solution.

A useful visualization of voltage
relations in the steady state (which
is a sufficient guide for the choice
of most of the circuit constants)
may be derived from certain current
relationships which must be satis-
fied in the quasi-steady state by
virtue of conservation of charge con-
ditions, etc. Such a simplified analy-
sis will be considered in this sec-
tion.

Thus, referring to Fig. 1, and
assuming that the system has at-
tained quasi-equilibrium for a given
click rate, it will be noted that the
charge transferred from C, to C.
over any interval of time (long
compared to the click rate) must
equal the charge leaving C. through
resistances R., R, and R,, that is:

(Vo—Ve) (C) (N)=1 (D)

V. = Constant charging voltage
of C, (approximately 200
volts)

Vea = Voltage across C,

N = Clicks per second

I = Average discharge cur-
rent of C through resist-
ors, in amperes

This merely states that at quasi-
equilibrium the rate at which the
charge flows into C, must on the
average equal the charge flowing out.

TELEVISION FOR
ARMY RECRUITING

The first television recruiting for the
United States Army got under way
at the Don Lee studios of WE6XAO
when a reqgular Army captain and

two recruiting sergeants selected

eleven youths for service. More than

1500 televiewers watched the un-

usual spectacle by means of the 500

television receivers in the Los
Angeles vicinity

www americanradiohistory com

“dag)s”

versatile

*

RESISTANCES: Coloidal graph-
ite is a resistance material wide-
ly used in volume controls, tone
controls, grid leaks, and similar
types of fixed and variable re- E
sistors.

TEST SPECIMENS: This pro-
duct also has many advantages

over common foils for measure

ing constants of insulating sub-

stances.
]| |

VACUUM TUBES: Films formed
with ""dag” colloidal graphite

discourage secondary and unde-
sirable primary emission emana«
ting from vacuum tube elements.
Electrostatic shielding may also
be accomplished.

THERMOPILES: Radiation col-
lectors utilize the heat con-
ducting and high *'black-body"”

CATHODE RAY ENVELOPES:

Interior walls coated with similar
films provide “"gettering”, focus-
ing, intensifying, and shielding |
action in television tubes.

.

EVACUATED DEVICES: Shields,
guard rings, '‘cat’s whisker”
contacts, conductive cements,
and special electrodes or con-
tacts are formed conveniently
with “dag” dispersions.

PHOTOELECTRIC CELLS:
Graphite surfaced electrodes
absorb free alkalies and alkaline
metals in photoelectric cells.
No selenides result when the
“dag” product is used in the
selenium types.

I
%-%__ i
The above statements should not be
considered as recommending the use

of colloidal graphite in violation of
any valid patents which may exist.

COLLOIDS CORPORATION

PORT HURON, MICHIGAN
i o
dag

|cortoimat

PRODLCIS
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RICH APPEARANCE—LOW in Cost—This New Line
Of Stock Molded RADIO KNOBS

% Radio manufacturers will welcome this source of
Stock Molded Radio Knobs, manufactured by Rogan
Brothers, whose long successful operations with plastic
materials are so favorably known throughout the entire
industry. Though extravagantly handsome in appear-
ance, they are priced low . . . very low to meet your
every need.

Molded To Meet Stock Knob Requirements

With Close Tolerances for Better Assemblies

No need to examine or correct these knobs on your assembly
lines.  Uniformity—fit—ease of application—freedom from
burrs or other irregularities is assured with Rogan's high-
grade, precision molding and finishing equipment,

Check These Specifications:

1. Serrated Hole 7/16” deep fits snugly in standard serrated
shaft of .249” maximum diameter.

2. Over-all Height 9/16”. 3. Over-all Diameter | inch.

Mottled Walnut carried in stock for immediate shipment.

Molded of Durez phenolic material with mirror finish.

Special colors or finishes furnished to order.

Order Plain Knobs or with "Branding” by Rogan
Write today. Find out how at one reliable source you can
get either plain Stock Molded Radio Knobs, or with your
lettering, trade-mark or other markings "'branded'’ into the
material—clean, clear and sharp. Delivery?  Very fast!
Quality? The Best. Act.

BROTHERS
184 N. WACKER DRIVE
CHICAGO e |[LLINOIS

EASY WAY TO |
DO A JOB /

S===2)4

® The Presto 10-A turntable proves the point. It has only
2 moving parts. .. A rubber-rimmed turntable, dynamically
balanced, driven by a steel step-pulley on the motor shaft.
A lever changes the speed instantly from 78 to 33% RPM.
It’s the simplest drive mechanism of any table made . . .
inexpensive, too . . . maintenance averages $2.00 a year.
As for performance, speed accuracy .4%, speed regulation
2%, vibration noises 50 db below zero level (.006W).
Decide now to improve your transcription broadcasts.
PRESTO 10-A TURNTABLE Replace your turntables with the new Presto 10-A. Catalog

Price, complete chassis
ready for use, $140.00 sheet on request.

NEW YORK - 242 WEST 55TH STREET
Atlonta, Jockson 4372 » Boston, Belmont 4510 » Chicago, Harrison 4240
Cleveland, Maine 1565 o Doflos, 37093 » Hollywood, Hillside 9133

Konsas City, Victor 4631 » Monireal, Wellingion 6967 » San Francisco,
RECORDING CORP. Yukon 0231 + Scatllo, Seneca 2560 » Washington, D. C., District 1640

www americanradiohictorvy com

The voltage across C. is evidently
Vt“z = I(Rn + R4 + Rs) (2)

So, neglecting any abrupt changes
in the voltage of C. due to the small
individual charges transferred from
C,, we have:

(C) (Ny V.—I(R.,+R. +R)=1
(3)

Solving for I, we obtain the volt-
age V., across the grid bias control
resistor, that is:

VL C1 NI.’:'-
1+ CN (R + R +R.)

It will be noted that V.. is nearly
proportional to N provided
C, N(R, + R, + R,) is small com-
pared to unity.

The graph of Fig. 3 shows V. as
function of N for the values of V,,
C,, C-R;, R, and R, indicated in Fig.
1. The dotted lines indicate the
limit of the usuwal working range
of N with the Westinghouse setup
as at present employed. The value
of V¢ is 1.22 volts for the upper
limit of N usually encountered (0.167
clicks,/sec or 10 clicks/min).

The Leeds and Northrup records
obtained by the click recorder as
modified in its operation by the inte-
grating circuit just described, give
rather readily readable indications
of ultraviolet intensity and its vari-
ations due to such phenomena as
clouds. A comparison of the records

Vis = IR, —

| is shown in Fig. 2.

It should be noted that the count-
ing ecircuit described can readily be
adapted to indicating the average
number of impulses per second pro-
duced by any type of circuit, pro-
vided the clicks can be used to acti-
vate a relay such as that indicated
by relay x. The major precaution
to observe is to provide a relay =z
with a sufficiently high leakage re-
sistance to make the current leak-
ing to the front contact across the
relay negligible compared to the
charge transferred by the relay from
C to C..

t4An Ultraviolet Light Meter,” Ilentschler

| Trans. A LKE. 49, 576, 1930,

2 For further details see: “Studies in Solar
Radiation and Their Relationship to DBio-
physies and the General Problem of Climate
and Health. Kenrick and Del Toro. P. R,
Journal of Public Health and Tropicel Medi-
cine. June 1940,

3 A medified form used by the U. 8. Publie
Iealth integrates the clicks day by day with
a Veeder Counter,

4 Carson, John L., “Kleetrieal Cireuit Theory
and the Operational Caleulus,” MeGraw-Hill,
1926. The solution may also lwe carried out
as a converging series of fransient solutions
hy classical Heaviside Operational Methodls.

March 1941 — EYECTRONICS



TUBES

Two new 117-volt-heater rectifier beam-
power tubes were registered with the
R.M.A. Data Bureau during January,
1941. Older tubes, registered prior to

1936, are also listed for reference

Tube Types Registered with the
R.M.A, Data Bureau During Janu-
ary, 1941

Type 117P7GT

RECTIFIER, beam tetrode, heater type,
T-9 glass enevelope, seated height 2%
inches; 8-pin octal base.

Ef=117 v
Is = 0.09 amp
Ey = Egq=117v
TETRODE SECTION
Ey =105 v
ITvo = 43 ma
r,, = 17,000 ohms
— 4000 ohms
E'cn =105 v
E'cz., = 4 ma
= —5.2v

1Bol 0 85 watts (5%)
HALF WAVE RECTI-

FIER

E, = 117 v ac (max)
Epin = 350 v (max)
Edrop (150 ma) = 16 v
Ene = 175 v de {max)
I pea = 450 ma {max)

p =
Iy =175 ma.
Mmlmum total effective
plate supply impend-
ance = 15 ohms
Basing 8AV-0-O

Type 117L7GT/117M7GT

RECTIFIER, beam tetrode, heater type,
T-9 glass envelope, seated height 2%
inches, 8-pin octal base.

117 v
0.09 amps
Ey = Ecq=117v

{max)
TETRODE SECTION
Ey =105v
Iy = 43 ma
rp = 17,000 ohms
rL = 4000 ohms

~
-
L

Ec:= 1056 v

Icy =4 ma

Eci= —5.2v

gm = 5300 p.mhos
= 0.85 watts (

P, 5%:-
HALF WAVE RECTI)
FIER
E, =117 v r-m-s ac
(max)
Epine = 350 v (max)
Edrop (Ep = 150 ma) =16

v

Ene =175 v de (max)
I peax 450 ma {max)

Ep = 117 volts

I, = 75ma
Minimum total effective

plate supply imped

ance = 15 ohms

Basing 8A0-0-0

LISTENING CENTER AT PRINCETON

Monitoring a foreign short wave broadcast at the Princeton Listening Center at
Princeton University are J. R. Snedeker, Jr. and Harold N. Graves. The purpose of
the center is to check up and record, if necessary, programs from foreign countries

ELECTRONICS — March 1941
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Type 7V7 (GL)

R-F PENTODE, sco, heater type, T-9
integral glass envelope-base, maximum
seated height 2% inches, 8-pin lock-in
base.

Ef=7v
b= 00 v

Ea = cathode bias re- 4) &
sxﬁtance 160
ohms min

Iy = 9.6 ma 3) o

gm = 5800 wmhos

I; =048 amp

E: =150 v

Ta -3 m @ ®

POREES Gt
n = B out = 6. 5
'wi Cp = 004 ppf 0, O,

{max})
Basing 8V-L-5

Tube Types Previously Registered
with the R.M.A. Data Bureau

Type 81

HALF-WAVE high-vacuum rectifier, fila-
ment type, ST-16 glass envelope, maxi-
mum seated height 4% inches, 4-pin
bayonet base.

E; = 7.5 v (ac)
E; = 125 amps
Ep(max peak inverse) =

02000 v

Earop{Ip 170 ma) =91 v
Half Wave (1 tube)
Ep(rms) = 700 v

Ige = 85 ma
Full \\ ave (2 tubes)
E,,(rms) =700 v

I,(two tubes) 170 mma

Basing 4B-0-0O

Type WD-11
TRIODE detector amplifier, filament
type, T-8 glass envelope, maximum

seated height 3% inches, 4-pin base.

E; = 1.1 v (de)
Iy = 0.25 amp
Ey =135 v
E.= —-105v
I, =3 ma

=66
rp = 15.000 ohms

gm = 440 umhos
Basing -ll -0-0

Type WX-12

TRIODE detector amplifier, filament
type, T-10 glass envelope, maximum
seated height 4+ inches, 4-pin bayonet
base.

Ef=11v (dc)
Iy = 0.25 am
Ey =135 v
E. = —105
I, =3 ma
- 6.6
= 15,000 ochms

gm = 440 pymhos
Basing 4D-0-0




Type 2A5

PowegRr amplifier pentode, heater type,
ST-14 glass envelope, maximum °seated
height 44 inches, 6-pin base.

E,=25v
Iy =1.75 amp
gb =%85v
e 2 = 285 v
for this NEW %2,
I, =38 ma 5zero
signal)

J I =7 ma (zero
signal)
rp = 78,000 ohms
gm = 2550 umhos

R; = 7000 ohms

P, =48 w (9 per e ULTRA-YIOLET

OUTPUT POWER || sainsen™” S
METER Type 1D4 o TRU-VAC

YACUUM GAUGES

® PHOTOCELLS

o MERCURY VAPOR
RECTIFIERS

PowerR amplifier pentode, coated fila-

Type OP-96] * ment type, ST-14 glass envelope, maxi- (PIRANI TYPE)
mum overall length 41% inches, 5-pin
! base. DESIGN AND
3 28200 amp DEVELOPMENT OF
B Zis0y SPECIAL TUBES, ETC.
" 2330
B LITERATURE AND PRICES
I, =23 ma AT YOUR REQUEST.

iy = 15,000 ohms
P, =750 milliwatts
(10 per cent)
Basing 5B

Type 6A3 CONTINENTAL
PoweER amplifier triode, ST-16 glass ELECTRIC CO

envelope, maximum seated height 4% GENEVA ILLINOIS

20 2708 $ERLH N

powee oUTPUT MET

THE DAYEX SORPARY | inches, 4-pin base.

E
E

3v
.0 amp
50 v (max)
- 45 v
0 ma
2

| N

o e
LI T
[TCRN-Y

<t

by Ry

n
Ry 00 ohms
.5 watts

P,

|
‘ Basing 4

o

ANY SOUND ON TAP

% Provides direct reading of
POWER or Db. LEVEL from
0. mw. to 50 watts.

% Load impedance range 2.5 to
20,000 ohms; 40 steps.

% Frequency range 30 to 10,000
cycles.

% Accuracy == 29, at midscale
meter reading.

$110

A COMPETENT and experienced or-
ganization devoted to the design and
manufacture of coil windings.

Paper interlayer sections—form wound

and bobbin wound coils.
Write for further details Equipped for prompt production
on quantity or small orders.
* Patented - . N. DINION, Pres. & Gen.-Mgr.
. & - REPRESENTATIVES
W. A. JORDAN PARAGON SALES CO.
| a 5 295 Madison Ave., (C. H, Fryburg)
TH DAV M Sound man extraordinary is T. J. New York, N. Y. o202 Cherry St
' Valentino who makes recordings of GILBERT GISLASON A. ) LOEB SALES CO.
any sound called for. Here he is a2 ot Faul St [ e O
158 SUMMIT STREET N e : NV :
o sounds of ftedns Tor shac MAGNETIC WINDINGS COMPANY
NEWARK, NEW JERSEY the sounds of the city for subse- !

Sixteenth and Butler Streets EASTON, PENNA.

quent use in broadcast programs |
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Type V99 \ e — = —_—

TrIODE detector amplifier, filament |
type, T-8 glass envelope, maximum S l I.v E R ® P LATI N U M

overall length 3% inches, 4-nub bayonet

base.
I
Yo PALLADIUM
Iy = 0.063 amp
E, =90v
E.= —45v —_—Tr
Iy = m; o

g
Basing 4E-0-O

|
77 = 15,500 ohms ouo | SILVER FOIL FOR CONDENSERS
4E ‘

PRECIOUS METAL IN ALL FORMS AND ALLOYS FOR

Type X99
RADIO, ELECTRICAL, AND CONTROL EQUIPMENT

TRIODE detector amplifier, filament
type, T-9 glass envelope, maximum|

seated height 3% inches, 4-pin base. Foil Strip Eine Wire
g; ;§§3vamp ‘ [c):i:::ads fva;ze Wollaston Wire .
?E 52__5Z£av ubing Thermocouple Wire
7> = Tg500 g SILVER BRAZING ALLOYS — SOLDERS — FLUXES

gm
Basing 4D-0-0O

|
|
|
‘ *
Type 6B7 | The American Platinum Works

DUPLEX-DIODE pentode, heater type, | N. J. R. R. AVE. AT OLIVER ST.

ST-12 glass envelope, seated height
| Newark New Jersey

333 inches, 7-pin base.

|
EST. 1876

Ey=63v
I{h = (2)% amp
Eg; S5y ‘ WRITE DEPT. "L" FOR INFORMATION
= —3
I, =9 mav — - ~
Ip = 2.3 ma | = — — —= _
gm = 1125 pmhos —_ S
r» = 0.6 megohm | — —
Basing 7D |
10 |
FLIGHT RADIO :
EQUIPMENT |

3 REASONS

WHY YOU SHOULD CONSIDER
GLOBAR BRAND CERAMIC RESISTORS

REG. U. S.PAT. OFF.
1 THREE TYPES
TYPE A—Slight Negative Voltage and Temperature Coeflicient
TYPLE B—Sharp Negative Voltage and Pronounced Temperature

Coeflicient
TYPE Cx—Slight Negative Voltage ( ‘oefficient and Slight Positive

Temperature Coellicient
2 WIDE RESISTANCE RANGE
Type A—2 ohms to Y4 megohm per inch of length
Type B—5 ohms to 1 inegohm per inch of length
Type Cx—0.05 ohms to 100 ohms per inch of length
Resistance varies with fiameter.
3 MANY SHAPES AND SIZES
Custom made shapes Lo meet unique requiren
ard round rods from 24" to 1”7 in diameter and
“t will pay you to investigate Globar Brand Ceramic Resistors when con-
‘ronted with resistance problems. Our Engineering Department is al your
service. Send us the details of your requirements.

GLOBAR DIVISION
[HE CARBORUNDUM COMPANY, NIAGARA FALLS, N. Y.

REG. U. S.PAT. OFF.

s o

rents in addition to stand-
14" 10 18" in length.

Carborundum and Globar are registered
trade-marks of The Carborundum Company

Operators at the radio controls in
a British airplane. These R.A.F. I

CERAMIC RESISTORS W

members undergo intensive ground ‘
training before taking over in the N N A
S ERAND R =
ELECTRONICS — March 1941 79
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THAT SURPRISED EVEN ITS DESIGNERS

OFFERS 4 DEFINITE
BENEFITS TO USERS

THE RELAY

1. Reduced user's assembly cost (relays are

pre-adjusted) 2, More reliable operation (con-

tacts have heavy pressures—are self-cleaning)

3. More positive action (armature restored by

leaf spring) 4. No overheating {coil is self pro-

tecting).

You can enjoy these benefits, Write Dept. B

for information.

AN OFFER . . .

Tell us {1) Your product or oper-
ation {2) Function and perform-
ance details {3) Whether chief
objective is improved per-
formance or reduced cost.
We'll send a helpful recom-
mendation, free. Write Dept. B

lt's Got

For More Informa-
tion write Section 233
Harmon Avenue

AUTOMATIC G ELECTRIC

Relay Makers Since 1898
1033 West Van Buren Street, Chicago

to be Right to he

Nobody “bosses™ Cliff Elliott, chief
of the Triplett inspection line.
Production is up, "way up, but nobody puts the heat on “Inspec-
tion” for the slightest variation from the most hardboiled inspec-
tion scrutiny in the Industry. Ior it is an axiom in the whole
Triplett plant—regardless of position or the pressure of orders-
“It’s got to be right to be Triplett.”

Under expanded Industrial demand there continues to be no
compromise in those rigid Triplett tolerances and standards
which have become the International Hallmark of Precision and

Quality.

THE TRIPLETT ELEGTRICAL INSTRUMENT COMPANY

80

Bluffton, Ohio

www americanradiohietory com

Type 1V

HALF-wAVE high-vacuum rectifier,

heater type, ST-12 glass envelope,

seated height 3/ inches, 4-pin base.
Ey=63v @) )

Iy = 0.3 amp
CONDENSER INPUT
TO FILTER
E,.(rms) = 325 v (max)
lie = 45 ma (max)
Egrop(lie = 90 ma) =
20 v

Peak inverse voltage =
1000 v (max)
Basing 4G

Type 2G5

ELECTRON ray tuning indicator, heater
type, ST-12 glass envelope maximum
overall length 4} inches, 6-pin base.

Ef=25v
I; = 0.8 ump.
Eiarger = 250 v
Ey = 250 v (through
1.0 megohm)
E. 22 v (for zero
degree shadow
angle)
Basing 6R

Type 6D6

TRIPLE-GRID  super-control amplifier,

heater type, ST-12 glass envelope,
maximum seated height 4% inches,
6-pin base.

fh =6.3 v

Iy = 0.3 amp

Ey =250v

Ee =100 v

E. - 3v

I, =8.2ma

rp = 0.8 megohm

gm = 1600 winhos
Basing 61

THE “WALKIE TALKIE”

- P—— . — - -

»

This portable radic communication
outfit used at Fort Ord, California,
to keep commander and troops in

communication, has been dubbed
the “walkie talkie”, Complete sta-
tion is light enough for one soldier
to carry and has a range of 5 miles

March 1941 — ELECTRONICS



TIME DELAY
For Use Contral

. where Precision-Timed
“Warm-Up'', storage, or other
inactive periodisrequired after
switch is thrown. Now used
in Magneto production, Weld-
ing, Radio Transmitters, etc.

SERIES TD-60
in durable
metal case
5;/)(5//!23/4".
Contact rat-
ing 1500
watts non-
inductive

Synchronous Motor Driven

Fully Automotic, instantoneous
Avtomotic Reset

% Fully Adjustable from 1 sec. to
55 minutes SPLIT-SECOND AC-
CURACY

* Units furnished for flush or ponel
mounting

Write Today for Latest Bulletin

* %

‘Scllvaloz/”

made only by

WILBUR B.DRIVER CO.

NEWARK, NEW JERSEY
< <

ELECTRONICS — March 1941

| Basing 7C

Type SW4

FULL-WAVE high-vacuum
metal envelope, seated height
inches, 5-pin octal base.

rectifier |
21

A prime factor...

E/=50v '
Iy = 1.5 amps |
CONDENSER INPUT
TO FILTER
E;. (rms per plate) =
350 v {max) |
Tse = 100 ma (max)
Total effective plate-
supply impedance per
plate = 25 chms (min)
CHOKE INPUT TO
FILTER
E.. (rms per plate) -
500 v (max) |
I = 100 ma ((max) ®
Edrop (Ise = 110 ma per |
plate) = 45 v
Peak inverse voltage =
1400 v (max)
Basing 5T

Type 83

FULL-WAVE mercury-vapor rectifier,
filament type, ST-16 glass envelope,I
maximum seated height 4% inches,
4-pin base. |

E; =50 v (ac)
Iy = 3.0 amps
Ep(max inverse) = 1550 |
¥
Edrop = 15 v (approx)
Condensed Mercury
Temperature Operating
Range 20°—60° C.
CONDENSER INPUT
TO FILTER
Ep(rms per plate) = 450

v
CONDENSER INPUT
TO FILTER
Ep(rms per plate) = 450

v
I, = 225 ma (max)
Total Effective Plate
Supply |
Impedance (per plate) =
50 ochms (min)

Type 2A7 I

Popular GL type,

PENTAGRID converter, heater type, ST- | inVEffﬁd TS
12 glass envelope, maximum seated e R T e
height 332 inches, 7-pin base. ' colored leads.  Two
|eac}i1$ bro?qghf ogf“ hff?;
1 section.
?: - g:g;llll) leaari;er than actual gsize.
‘Eb = 250 v (max)
Eﬁif‘, s 10, ) @ Some two dozen different types of Aerovox
Teathods = 10.6 ma “dry” electrolytics are available to you
Ee=—3v as standard items. From this widest se-
Iﬂf’: - 2°g ,‘::hos lection of cans, sizes, terminals, voltages.
Iz =4.0ma capacities, combinations, special types
I, =3.5ma may be readily and economically

evolved. ® Such exceptional choice means
types properly fitted to your needs.
Improvisation is quite unnecessary.
® Therefore, assuming that everything
else is equal — quality, reputation, de-
livery, price — don’t overlook this prime
tactor of CHOICE of types.

Type 5Z3

FULL-WAVE high-vacuum rectifier,
coated filament type, ST-16 glass en- |
velope, maximum seated height, 4%
inches, 4-pin base.

Consult Us . . .

® Send us your condenser requirements. Our
engineers will gladly collaborate on circuit
details and components. Recommendations,
specifications, quotations, samples, to re-

E,=50v
Iy =3.0amp
E;-r = 450 v (max)
E(inverse peak) = 1550
v (max)
Egrop = 58 v (at 225 ma
per plate)
CONDENSER INPUT
TO FILTER
E, 450 v. (max rms

sponsible parties. Latest catalog on request.

per plate) |
T4 = 225 ma (max)
CHOKE INPUT TO |
FILTER
E, = 530 v (max rms
per plate)
Ige = 225 ma (max)

Basing 4C
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How FERRANTI handles

your Transformer
EMERGENCY

NEEDS

@ ESTIMATE ® ENGINEERING

@ PRODUCTION @ SHIPMENT

you get
"'24 HOUR SERVICE"
from the Ferranti

Special order department

HILE Fetranti

primarily  supplying  Ameri-
can-made Quality  Transformers: to
Industrial, Instrument, Aviation, Com-
munication and Electroni¢c companies,
we have the personnel and facilities to
render 24 hour service on emergency
special or sample units.

business s

And when if comes fo

QUANTITY PRODUCTION

offers you ALL these

factors:

—only Ferranti

@ Experiegce . . . 60 years Engineering

Experience.

@ Responsibility . . . Unmatched prestige
in the Electrical Industry.

@ Engineering . . . An experienced Staff
at your disposal.

® Egquipment . . . Equal to any require-
ment of modern precision production.

@ Deliveries
not just promises.

©® Economy . .. The Economy inherent in
first-class products, far offsetting any
“savings” in initial expense.

FERRANTI PRODUCTS INCLUDE:

© Audio Filters, Air Cooled Transformers,
Power Transformers, High Q Coils, Power Sup-
plies, Audio Tronsformers, Rectifiers, Submer-
sion Proof Units, etfc.

r7/3

ELECTRIC,INC.

R.C.A. BUILDING
NEW YORK, N. Y.

82

Packaging
Machinery

(Continued from page 27)

tube was increased by the introduc-
tion of the spot. This was an ex-
ceptional case but it does point to
the importance of avoiding the use
of red, or orange, or yellow spots
as the indexing means on printed
wrappers. A dark blue or
spot is much better, or if red-yel-
low end of the spectrum must be
used, the printer must put on as
much ink as possible to insure dens-
ity of print.

If an opaque material such as a
foil has to be used, then the spot
must be illuminated on the same
side as the phototube. In such a
case it is most advisable to use an
optical system to project the image
of the spot on an aperture directly
in front of the phototube. When
this is done, the image of the spot
travels across the aperture just as
the spot on the actual paper travels
across an aperture immediately be-
low it. Due to the optical leverage
there is a magnification of the dis-
tance traveled by the spot, which
tends to increased accuracy of place-
ment.

With the optical system the reg-
ister mark or spot need be no
larger than one-sixteenth inch wide
by one-half inch long. Indeed a
spot one thirty-second inch wide will
generally be quite adequate.

In this brief article the writer
has made no attempt to cover paper
register control as applied to ma-
chines with very high web speeds
but has purposely limited himself to
applications which he feels must be
generic to the majority of uses. The
methods outlined have been most
satisfactorily applied to over three
hundred machines by Package Ma-
chinery Company, and as these ma-
chines have been shipped all over the
world the reliability and soundness
of phototube register control has
been amply attested.

»
www americanradiohietory com

black |

WIRE & RIBBON

For Direct-Heated
ELECTRON EMITTERS

in VACUUM TUBES

A Complete Range of Sizes
and Alloys for

% TRANSMITTING TUBES

Y RECEIVING TUBES

% BATTERY TUBES

% HEARING-AID TUBES

Melted and worked under close
supervision to assure maximum
emissivity, uniformity and the
highest tensile strength

[ ]

WIRES drawn to .0005" diam.
RIBBON .rolled to .0001" diam.

SPECIAL ALLOYS made to meet

individual specifications
Write for list of stock Alloys

SIGMUND COHN

| 44 Gold St. New York City

GETTING YOUR

RADIO
OPERATOR'S
LICENSE
MADE EASIER—

[

if you prepare for exams
this direct, tested way

Check your training and knowledge and focus on the key
polnts of theory and practice as covered in new Government
license requirements, in the quickest, easlest way with this
new hook.

JUST OUT-—NILSON AND HORNUNG'S

RADIO OPERATING
QUESTIONS and ANSWERS

New 7th Edition, 415 pgs., 87 illus., $2.50

This book gives an answer to every question in the FCC
Study Guide and Reference Material for Commercial Radio
Operator Licengse Ezaminations.. Here is a wealth of con-
cise Information on radio eommunication—theory, appar-
atus, circuits, laws and regulations, etc.—classified exactly
as tn the six elements on which all professional radio oper-
ator license examinations now are based. You spend no
time on superfluous material, but get right at the important
facts that will help you pass examinatlons.

10 DAYS' FREE EXAMINATION

SeuEEEEEEUsIREARARESEIEEEEATEs AR SRS ERRREERETANERE.

| McGRAW-HILL BOOK CO., 330 W, 42 ST, N. Y.

| Send me Nilson and Hornung—Radio Operating Questions
and Answers for 10 days’ examination. In 10 days X will

| send $2.50 plus few cents postage or return book postpaid.
(We pay postage if remittance accompanies order.)

| Name

Addrers

City and State
| Position

| Company . FL. 3-41

(Bouks sent on approval in U. S. and Can;lda only.)
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FM for Utilities

(Continued from page 43)

transmit either, but not both, fm or
am on the same frequency, which
was expected to create hash on the
opposite type of mobile receiver.
Actually, however, for various more
or less obscure reasons, f-m trans-
missions, which in this service use
15 ke deviation, can be readily un-
derstood on a-m receivers at consid-
erable distances. Similarly a-m
transmissions can be identified on
f-m receivers, and the expected con-
fusion did not materialize. Secondly,
a main station might not know
whether to reply to a given mobile
unit on fm or am. Phe trained oper-
ators controlling the maijn station
soon became familiar with the situ-
ation and reported no particular
trouble on this score.

FM-AM Changeover at Main Stations

The field changes required in the
Link type 250-UPS equipments to
convert them to fm-am operation
were made in a few hours time and
consist of the following:

(1) Substitute a standard f-m
modulator-exciter chassis for the
standard 250-UPS exciter chassis.
These chassis are mechanically in-
terchangeable and one pair of wires
(audio circuit) was run to previ-
ously unused terminals.
chassis is the middle one shown in
the close-up view of Fig. 8.

(2) Add fm-am control relay. This
relay is shown at the lower left of
Fig. 9, and all added wires except
the previously mentioned audio cir-
cuit are less than six inches long.

(8) Install f-m receiver in the
spare receiver position and connect
r-f input permanently in parallel
with a-m receiver input.

(4) Make minor wiring change in
dual receiver power supply so this
unit supplies power to both receivers
continuously rather than selectively.

(5) Make minor changes in the
two-wire control unit including the
addition of an fm-am control switch.

The above changeover was accom-
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Particularly adapted for aircraft,

machine control, motor and lamp

loads, photo electric and similar

applications where space and weight
are factors. The type ““G” Relay is
furnished to operate on d.c. only.*
Contacts rated at 10 amperes, 110 V.,
a.c.—completely enclosed. Solder or

screw type contact terminals optional.
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TODAY!
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LOW NOISE LEVEL is a feature of all
S. S. White Molded Resistors. But as
an accommodation to manufacturers of
equipment in which noiseless operation is
of first importance, S. S. White will sup-
ply resistors in the Standard Range of
1000 ohms to 10 megohms, noise tested
to the following standard:

"For the complete oudio frequency
ronge, resistors sholl have_less noise
than corresponds fo a chonge of re-
sistance of 1 part in 1,000,000."

Each and every resistor on such orders is tested
and quaranteed to meet these specifications
and can therefore be used as received with-
out further test. This is one reason why S. S.
White Resistors are so widely used in quality
radio, telephone, telegraph, sound picture
television and other commemal industrial and
scientific equipment.

e 8. S. WHITE

The S. S. White Dental Mfg. Co.
INDUSTRIAL DIVISION

Department R, 10 East 40th St., New York, N. Y.
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AVAILABLE FOR ALL NEEDS OF

RADIO . ELECTRONIC
EQUIPMENT MANUFACTURERS

Highest quality flexible shafts with companion flexible casings
and end fittings.

FOR AUTO RADIO—Remo+e tuning controls; Tele-

scoping Antennas; Antenna Reel control; Coupling of
parts inside equipment, etc.

FOR HOME RADIO—Remofe control; Loop control;

Coupling, etc.

FOR AIRGRAFT RADIO—Receiver and Transmitter

control; Direction Finding Equipment control; Antenna
Loop and Reel Controls; Coupling of parts inside equip-
ment, etc.

SEND FOR THESE BULLETINS—
BULLETIN 38—Fiexible Shafts for Remote Control
BULLETIN 1238—Flexible Shafts for Power Drives
BULLETIN 839——Flexible Shaft Combinations for Aircraft

SHAFT REQUIREMENTS

s "
The S S. White Dental Mig. Co.

INDUSTRIAL DIVISION
Department E, 10 East 40th St., New York, N, Y.

GET OUR QUOTATIONS
ON  YOUR  FLEXIBLE

ALL SHAPES — ALL SIZES

FOR ALL PURPOSES

Stamped, Formed, and Cast; Chrome, Tung-
sten Cobalt and ALNICO** (cast or sin-
tered) under G, E. license,

THOMAS & SKINNER
STEEL PRODUCTS COMPANY

1116 E. 23rd STREET INDIANAPOLIS, INDIANA

Laminations for Radio Transformers — Tools
Dies — Heat Treating — Stampings

OUT MARCH 1st — ORDER NOW

This new book presents the practical aspects as 160 PAGES

well as the principles underlying the various clas- .

sifications of vacuum-tube voltmeters. PROFUSELY
THE CHAPTER HEADS ILLUSTRATED

1. Fundamentals of V-T Voltmeters . . . 2. Diode .

VIVM . . . 3. Triode VIVM . . 4. Slide-Back LOTH

VIVM ... 5. Tuned VIVM .. A-F and Logarith- HARD G

mic VIVM . .. 7. Electronic (D-C) Voltmeters, Micro- COVERS

gmgeters, %?:nmeters . l 8. C{xlibration,f’l‘esting. 8

. Design, nstruction. 10. Applications of VIVM.

11. Commercial Types. Only $1.50

JOHN F. RIDER Publisher, Inc.
404 FOURTH AVENUE., NEW YORK CiTY
Export Division: Rocke-International Elec. Corp., 100 Varick $t., N. Y. C Cable ARLAB
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| plished using standard assemblies
! and the parts left over consisted only
| of standard exciter chassis, which
{ were returned to the factory for
| credit. The resulting transmitter is
lcapable of operation on fm at 400
watts output.

| The method used to accomplish
| operation of the transmitter on am
or fm is electrically very simple. For
| f-m operation, the audio input is
| impressed on the f-m modulator-
| exciter chassis and the a-m modu-
lator input circuit is disconnected
and shorted. The output of the modu-
lator-exciter then supplies fre-
quency-modulated excitation to the
power output tubes and the normal
| am modulators are disabled. For a-m
| operation the audio input is im-
pressed on the a-m modulating sys-
tem in the normal way and the f-m
audio input circuit is disconnected
and shorted, under which condition
|the f-m modulator-exciter chassis
supplies only the required unmodu-
lated excitation to the power output
tubes.

Range of the Transmitter

While the question of fm or am
was one requiring an immediate
answer, in reality it formed only a
part of the problem of obtaining
adequate two-way coverage under
| many widely different conditions.
In general, the desired range is as

| far as a given car or truck travels

from its headquarters. Many cars
operate normally entirely within
their own division or distriet, while
others may range over the entire ter-
ritory of the company. Thus, provid-
ing direct emergency communication
for all cars and trucks would mean
a two-way range of 100 miles or
more on the power systems under
consideration. At present such a di-
rect range is impractical and would
eventually create greater interfer-
ence problems between adjoining
{ companies than at present antici-
| pated, particularly on the three main
station frequencies allocated to spe-
|cial emergency service in this band.
Cars operating within their local
territory require reliable ranges up
{ to thirty miles or more, which is the
immediate problem in the applica-
tion of special emergency radio to
‘our system, and cars ranging the
| entire system will continue for the
present to communicate with the

nearest main station where the mes-
sage is relayed to their headquarters
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Precision Built — Rugged Construc-
tion — Light Weight — Dependability
— These are just a few of the qualities
found in Carter Genemotors. Made in
a wide variety of types and sizes for
every requirement.

‘Write today for descriptive literature on Carter Dyna-
motors—D.C. to A.C. Converters—Double and Triple
Output Dynamotors— High Frequency Converters—Mag-
motors — Special Motors — Permanent Magnet Dyna-
motors.

1606 Milwaukee Ave. Cable: Genemotor

Corter, o well known name in Radio since 1922

If your needs call for
stable voltage at all times you can depend on

SOLA CONSTANT VOLTAGE TRANSFORMERS
to deliver for you, even though the incoming
line voltage varies as much as thirty percent.
Practical, economical, trouble-free—they can re-
place non-regulating transformers or perform as
auxiliaries to equipment now in use.

WRITE For CATALOG
DCvVv—22

2525 Clybourn
Chicago, l}linois
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by carrier telephone or over other
existing telephone channels.

While a considerable amount of
data was available covering u-h-f
transmission over flat, or nearly
flat, country we found very little
data regarding transmission in
mountainous country, and regarding
penetration into river and creek bot-
toms, where roads are usually lo-
cated. There was also considerable
disagreement between equipment
manufacturers as to the coverage
obtainable in practice. Furthermore,
reliable information regarding the
amount of man-made static to be
expected in a given territory could
only be obtained by field tests. For
the above reasons it was necessary
to determine coverage by actual op-
erating experience, some of the re-
sults of which are summarized
briefly below.

Figure 10 indicates the coverage
being obtained in the South Bend
area where the main station antenna
is of the J-type installed on a con-
crete smokestack 220 feet high, not
far from the center of the city where
man-made static is rather severe.
While the territory is comparatively
flat, surrounding hills, some of which
are 10 or 15 miles distant, are 50 to
100 feet in height which makes cov-
erage of the valleys beyond these
hills more difficult. At Riverside
Substation the coaxial antenna is
117 feet above ground and both
topography and local interference
conditions are more favorable. The
two-way coverage being obtained
with a 117-foot antenna at Riverside
is somewhat better than that from
South Bend with the higher antenna.
Although maximum ranges of 30 to
40 miles are not unusual the depend-
able range using fm averages about
23 miles and using am it averages

about 17 miles, a ratio of 9 to 5 in |

terms of area.

While car-to-car communication
on our system has not been used
frequently it may be of interest to
note that car-to-car ranges using fm
in urban territories have been in the
order of 10 to 12 miles while a-m
ranges in the same territory were
6 to 8 miles.

Separate Mobile Frequency

The use of a separate transmitting
frequency for the mobile units may
appear at first to be a disadvantage
rather than an advantage, particu-
larly in view of the very satisfactory
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FOR TODAY'S
EXACTING NEEDS

The Simpson full-bridge
type
movement
with soft
iron pole
pieces.

@® Simpson Instruments are best qualified
to meet the demands of speeding-up indus-
try because they alone offer the Simpson
full bridge type of movement, with soft
iron pole pieces. It's a finer movement that
is inherently more accurate—that will stay
accurate under today’s increased produc-
tion loads.

Because Simpson has applied today's effi-
cient methods of production to instrument
manufacture, Simpson quality costs no
more than you would pay for just ordinary
instruments. Why not write for complete
information . . . today?

Are Your Testing

Facilities Crowded?

H "

ere's a low cost way to
expand. Simpson’'s nine
Micro-Testers—the original
line of compact, uniform- |
size testers — will meet |
every testing need. Typi- §
cal is Model 280, shown {
here. Covers § separate
ampere ranges, yet costs §
only $9.75.

SIMPSON ELECTRIC CO.

o 5212 Kinzie St., Chicago, Il
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STAY ACCURATE
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Clarostat plays no favorites among re-
sistor types when it comes to solving
your particular application problem.
With winding facilities second to none;
with bakelite molding, stamping, machin-
ing, braiding, coating and other facilities:
with an outstanding standard line and
with exceptional means for producing

special types, Clarostat provides pre-
cisely what you require. For instance:
Resister A shown above is a square

ceramic-core enamel-insulated semi-precision
resistor for use in airplane fuel gauges.
Resistor B is a fibre-glass power resistor
(a Glasohm, with glass core and braided
glass covering) for current-limiting applica-

experience in power-line carrier tel-
ephony using a single frequency for
a number of inter-communicating
stations. Conditions and require-
ments applying to special emergency
communication, however, differ in
several fundamental ways from those
applying to carrier communication:
(a) The power and range of mobile
equipment as well as its ability to
cause interference, is definitely lim-
ited by battery drain, space require-
ments, and antenna height; (b) only
three fixed station frequencies and 7
mobile frequencies have been allo-
cated to special emergency use in
the desirable 30 to 40 Mc band; and
(¢) communication between the fixed
station and its associated mobile
units should usually have preference
over other communications since op-
erating experience indicates that
over 98 per cent of emergency con-
tacts are of this type. Under these
conditions a separate frequency for
the mobile transmitters offers the
following advantages:

(1) A nearby and possibly power-
ful fixed station on the same fixed
station frequency cannot interfere
with the reception of mobile trans-
missions. In the case of transmis-
sions from the fixed station to a
mobile unit, the mobile unit will
usually be closer to its own head-
quarters and the interfering signal
will then be blanked out.

(2) Considering long range inter-
ference, only other mobile units can
cause such interference on the mo-
bile frequency. Experience has shown
that such interference is not serious

and occurs at infrequent intervals.

(3) An appreciably greater num-
ber of simultaneous communications
can take place without interference
if a separate mobile frequency is
used.

(4) There is the further consid-
eration that any system experienc-
ing interference from another sys-
tem is in a disadvantageous position
if every reasonable precaution, such
as using a separate mobile fre-
quency, has not been taken to avoid
such interference.

When a separate mobile frequency
is used, car-to-car communication
does not follow automatically as it
does on the single frequency system.
It may be obtained however in a
simple manner if the mobile fre-
quency is close to the fixed station
frequency, by adding a crystal for
the main station frequency. Antenna
and transmitter tuning will be suf-
ficiently good to obtain 80 per cent
or more of full output on 31,460 kc,
for example, when the mobile fre-
quency is 31,740 ke. The standard
f-m mobile sets in use can be con-
verted for car-to-car service by plac-
ing the crystal in the jack provided
and connecting the dash control,
which permits the operator to select
car-to-car or car-to-headquarters
transmission at will.

It often happens that the principal
operating headquarters is not in a
suitable receiving location, in which
case the main station, or at least a
supplementary receiving station
must be remotely controlled. For a
system which functions principally

OPERATIONS SUMMARY

tions in automobile electric systems. 6 Months

R.esislo}r1 Cdlis a typical mica-support re- November 11 Average

sistor handling considerable wattage and i 3 g

serving for highly concentrated hon! Emergency situations (radio used). . . b7 3.2

Bes}ist]c:r D is a wire-wound unit molded Emergency contacts D welAk o A 95 5.9

in bakelite and mechanicall rotected b i

e o Y P 4 | gout.me test cpntacts ............ REE 12 18.8

Clarostat also makes precision resistors, I}trles rega'rdlng frequency monitor-

balcllasts,.voltage-gropp;ng resistors and line [ TN G 2 Ve ol Pk Trmign & Denjple ol gegs . s None .44

cords, wire-wound and composition-element —

coritnale; PoweR BAESHaID soatatimned, Incomplete calls—operator absent.. . 10E,‘3T 2.6 (T+E)

ance attenuators, etc., etc. Incomplete calls—out of range.. .. ... 2E /4T .29 (T+E)
Incomplete calls—interference None 11 (T+E)

Send Us that Problem ... Incomplete calls—equipment failures None 17 (T+E)

Regardless what it is, resistance or control, Incomplete calls—reason unknown... None 1.6 (T+E)

send_ it to our engineers for suggestions,
specifications, quotations, samples. Latest
loose-leaf engineering data on request.

CLAROSTAT

M MANUFACTURING CO.
[ 37 Incorporated

285 North
Brookly

E = Emergency T = Routine Test

Summarized data for November 11, 1940 and daily average
during last half of 1940 for entire Indiana & Michigan Electric
Company System. Of the 0.17 incompleted calls per day charge-
able against equipment failures almost half were due to the
telephone lines used for remote control and the remainder were
due to miscellaneous causes such as tubes, broken mobile
antennas, blown fuses, etc.
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during storms this presents a serious
problem. Open wire telephone lines
will generally be less reliable than
the power lines which the radio sys-
tem is designed to protect and are
therefore not very suitable for the
purpose. The power lines which may |
be present between the two desired |
points may not have the reliability |
of the steel tower construction used |
on the main high voltage power lines,
to which carrier is usually applied.
Consequently power line carrier is
not applicable in the majority of
cases. The most promising solution
in one such case appeared to be a
u-h-f radio channel. Although more
costly than other alternatives it is
expected to provide the maximum re-
liability. This channel is under con-
struction and will operate above 100

Me. Control functions will include |
send-receive and transfer between
am and fm. l

Operating Experience

The wind storm of November 11th,
1940, which was general over the
midwestern States, is one of the
many times on record when the com-
munications system played a vital
part in reducing hazards and quick—l
ly restoring service. Wind velocities
as high as 72 miles per hour were‘
recorded at South Bend.

Although the 132-kv transmission
system and its associated carrier‘
telephone systems were not affected,

number of strategic points and in
several communities was complete1y|
interrupted. The extent to which
space radio was used during thls1
storm and its general performance |
is indicated in the table. Although |
radio contacts per emergency situa—|
tion averaged less than two, these|
contacts were vital for quickly de-
termining location of trouble, ex—|
tent of damage, hazards to public,
and for directing trouble crews to[
the most serious cases. Overall per-|
formance of the radio system during
the six-months period included in
the table indicates that only 2.4 per
cent of all calls were incomplete due
to interference, range limitations
and equipment failures. A per-
formance rating of 97.6 per cent, |
while it leaves room for improve- |
ment, indicates a thoroughly practi-
cal system.

18porn and Woliford., Experience with
carrier-current communieation on a high-

tension interconnected transmission system.
A.I.E.E. Transactions, Vol. 44. pp. 288-313.
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Does your product need redesigning? Improvement in structure? Enhanced
appearance? Greater salability? Are manufacturing costs too high? These
and similar questions are the daily concern of Richardson Plasticians—
men who have devoted years to the application of Laminated and Molded
INSUROK, and other plastics as well, to countless uses in commerce, indus-

try, the arts and sciences.
tance to you.

More than likely they can be of invaluable assis-
In any event, come in! and let us counsel together.

THE RICHARDSON COMPANY, Melrose Park (Chicago), Illinois; Lockland
(Cincinnati), Ohio; Indianapolis, Indiana; New Brunswick, New Jersey;
4.252 G. M. Building, Detroit, Michigan; 75 West Street, New York, N. Y.

INSUROK

PRECISION MOLDED AND LAMINATED PLASTICS

RAKC

REG. U.§5.

PAT. OFFICE

SCREW
PRODUCTS

STANDARD PRESSED STE

EL CoO.

Box 596, JENKINTOWN, PENNA.

you're careful
about the selec-
tion of screws for elec-
trical service, you'll com-
pare. And having com-
pared you'll choose
“Unbrako' Products for
their uniformity and
strength; for their unique
self-locking feature; for
their knurled heads with
a non-slip grip that saves
assembling time. Com-
plete range of sizes from
number 4 up. Write for
samples and literature.

MICROVOLTER

® Frequency
cycles

Terminated

Panel Jack

400-1000
Modulation

® © ® 5 O

Write for catalog E-3, giving details
of instruments of our manufacture

FERRIS INSTRUMENT CORPORATION

tow Resistance Attenuator

Qutput .2 to 100,000 microvolts

range 5 to 175 mega-

Transmission Line

for 2 volts output

cycles and  External

Boonton, \
New Jersey
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THE INDUSTRY IN REVIEW

News

4 The schedule of transmissions of fre-
quency modulation programs over sta-
tion W2XWG, New York, has been
changed to include the broadecasting of
programs on Saturdays and Sundays.
Under the new schedule the regular
N.B.C. programs will be on the air over
W2XWG daily, except Monday and
Tuesday, from 3:00 to 11:00 p.m. The
former schedule was from Monday
through Friday. The broadecasts also
will be on a new frequency of 45.1 Me.
. . . Orders received by General Elec-
tric Company during the year 1940
amounted to $654,190,000 compared
with $360,748,000 for 1939, an increase
of 81 per cent. . .. Sigma Instruments,
Inc., are now located in their new plant
at 76-78 Freeport St., Boston, Mass.
The new plant has improved facilities
for the manufacture of sensitive re-
lays, acoustic switches, and audio fre-
quency relays. . Before the out-
break of war, short-wave radio in Aus-
tralia was mainly for the benefit of
listeners in the far country and in the
islands around the coast of the Conti-
nent. Since the war, however, Aus-
tralia’s short-wave radio activities
have grown until ten transmissions
are now broadcast daily in English,
French, Dutch and Spanish. . . .Ne-
ville Miller, president of the National
Association of Broadcasters, an-
nounced recently that the association
would hold its nineteenth annual con-
vention May 12-15 at the New Jef-
ferson Hotel, St. Louis, Mo. .. . At
a special meeting recently, stockhold-
ers of Simplex Radio Company adopted
a plan whereby they will receive one
share of stock of Philco Corporation in
exchange for each three shares of
Simplex Radio Company stock, and the
assets and business of Simplex Radio
Company will be transferred to a suc-
cessor company of substantially the
same name, Simplex Radio Corpora-
tion which will continue to operate as
a radio manufacturing organization
in Sandusky, Ohio. In excess of 90%
of the stock of Simplex Radio Com-
pany is owned by Philo Corporation,
which will own 100% of the stock of
the new Simplex Radio Corporation.

+Plans for the expenditure of ap-
proximately $400,000 for the expansion
of the eastern facilities of the Plas-
tics Department of the General Elec-
tric Company have been announced.
The expansion will include new build-
ings and equipment in Pittsfield, Mass.,
and at Meriden, Conn., and additional
equipment in the Lynn, Mass., plant.
. .. G-M Laboratories recently com-
pleted a new building planned to serve
the needs of precision products. The
new building is at 4314-26 North Knox
Ave., Chicago.
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4+ Kenneth Foute has been appointed
Sales Engineer for the Drake Mfg. Co.,
of Chicago . . . Scott Helt, Chief En-
gineer of station WIS, Columbia, S. C,,
has been appointed Chairman of the
Engineering Committee of the Fourth
District of the National Association of
Broadcasters Construction has
been started on new studios for General
Electric’s television station, W2XB, to
be located in Schenectady . . . Radio
stations KZRH, Manila, and KZRC,
Cebu, Philippines, have joined the NBC
network.

4 Carbide and Carbon Chemicals Corp.,
New York City, are supplving Vinylite
plastic for phonograph records which
are being made of articles in Reader’s
Digest for the benefit of the blind who
cannot read Braille . . . The Amperite
Co., has licensed the Radio Corporation
of America on U. S. patent 2,196,342,
owned by the Amperite Co. This patent
covers the use of the acoustic com-
pensator in connection with velocity
microphones . . . Establishment of the
Clear Channel Broadeasting Service
with offices in Washington, D. C., was
announced by Edwin W. Craig of Nash-
ville, Tenn., chairman of a committee
composed of independently-owned radio
stations throughout the country. The
service is intended to familiarize Ameri-
can radio listeners with the importance
of preserving clear channel broadecast-
ing not only as a domestic service, but
also in line with the North Ameri-
can Regional Broadcasting Agreement.

+ Goat Radio Tube Parts, Inc., of
Brooklyn, N. Y., is now known as Goat
Metal Stampings. The officers and per-
sonnel remain the same . . . To meet

rising radio requirements for national
defense, the radio division of Westing-
house Elec. & Mfg. Co., in Baltimore is
expanding its manufacturing space to
Be-

three times its original size . . .

cause of the shortage of trained per-
sonnel in all branches of the aero-
nautical industry, Lear Avia, Ine.,
Dayton, Ohio, is inaugurating a free
vocational training program for its
employees . . . The War Department
will send questionnaires to all licensed
amateur radio operators in the United
States in order to obtain certain in-
formation for national defense pur-
poses. The data obtained will be used
for statistical purposes, and will not
obligate or register the amateur oper-
ator in any way. Further details will
be given by Corps Area Signal Officers.

4 Solar Mfg. Corp., Bayonne, N. J.,
manufacturers of capacitors, announces
Ambos-Jones Co., 1085 The Arcade,
Cleveland, Ohio, as their industrial sales
engineers for the State of Ohio . . .
United States’ radio and radio equip-
ment exports during 1940 were valued
at $22,037,234 as compared with $22,-
180,561 in 1939, $23,099,047 in 1938 and
$32,102,070 in 1937, according to the
Electrical Division, Department of
Commerce. Radio receiving sets shipped
to foreign markets during 1940 were
valued at $10,155,445, a decrease of
2.8, 3.8 and 37 %, respectively, from
the 1939, 1938 and 1937 totals of
$10,542,020, $10,551,547 and $16,129,-
321. Transmitting sets, tubes and
parts therefor marketed abroad in 1940
reached the highest level since this
classification has been recorded and
were valued at $3,287,879, an increase
of 22, 11.1 and 22.5% over the
1939, 1938 and 1937 totals of $2,695,-
790, $2,957,896 and $2,684,336, respec-
tively. Exports of radio tubes in 1940
were smaller than for any year since
1932 and were valued at $2,451,920.
This compares with foreign sales of
radio receiving tubes in 1939, 1938 and
1937 valued at $3,000,701, $2,973,059
and $4,062,768, respectively.

Two General Electric Company ignitron tubes (old and new styles) for

welding control.

These water-cooled mercury-pool controlled-rectifier

fubes are particularly adapted to welder control service because of

their ability 1o carry very high peak currenis for
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Literature

FM and Other Bulletins. The following
literature is available from General
Electric Co., Schenectady, N. Y.: Bulle-
tin GEA-3480 entitled “FM Communi-
cation Equipment” contains informa-
tion on receivers and 25-watt trans-
mitters; Bulletin GEA-2511 contains
data on a simplified FM circuit design;
Bulletin 3327A describes Type GF1B
250-watt FM broadcast transmitter;
VU volume-level indicator, type DO-61,
a new standardized volume-level in-
dicator for radio broadcasting, sound
recording and communication sys-
tems is described in bulletin GEA-
3145A; a square-wave generator for
testing over-all performance of com-
munication systems and networks is
illustrated and described in bulletin
GEA-3442.

Direct-Coupled Amplifiers. Diagrams
of the outstanding features of new
amplifiers available from Amplifier Co.
of America, 17 West 20th Street, New
York City are in Circular No. 4111
which also contains suggested optional
features for standard applications as
well as specifications.

VYoice-Powered Telephone. An article
on a voice-powered telephone developed
by Bell Laboratories is contained in
Inco bulletin, Vol. 17, No. 3. This bulle-
tin is a quarterly magazine devoted to
the uses of nickel and nickel alloys and
is published by The International
Nickel Co., Inc., 67 Wall St., New York
City.

Auto Radio Antennas and Accessories.
The Insuline Corp. of America, 30-30
Northern Blvd., Long Island City, N.
Y., announces that a new eight page
catalog is available which tells about
their new line of auto radio antennas
and accessories, and also new f-m, tele-
vision and home antennas.

Engraver. Mico Instrument Co., (10
Arrow St.,, Cambridge, Mass.) manu-
facturers of precision apparatus have
published a booklet “The Mico En-
graver” which describes a pantograph
machine adaptable to many lettering
tasks associated with experimental
work, as well as the routine production
of panels, nameplates and small parts.

Molding Plastics. Bakelite Corp., 30
East 42nd St., New York City, have
available a thirty page catalog entitled
“Bakelite Molding Plastics” which con-
tains the physical, mechanical and elec-
trical properties and characteristics of
Bakelite phenolics, ureas, polystyrenes
and acetates. These are enumerated in
editorial and table form so as to give
the reader an understanding of how
these materials can be employed.

Type “RM” Switches. Specification
sheets are contained in a folder on the
Yaxley type “RM” Switches available
from P. R. Mallory & Co., Indianapolis,
Ind.
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Why YOU SHOULD SPECIFY

TRANSFORMER

SPECIALISTS

Industry has always recognized
Thordarson as the dependable
source for quality transformers.

The large Thordarson staff of
engineers can quickly produce that
special transformer to your specifica-
tions. Fast delivery of samples and
orders filled on schedule.

Remember this time-tested trans-
former engineering service when you
want quality and long, trouble free
operating life. Address inquiries to
the Industrial Division.

THORDARSON

ELEC. MFG. CO.
500 West Huron St. Chicago, U. S. A.

SINCE 1895

{134
ln ws.,

LINGO

FIR LING

FM

Tt

HERE'S WHY: It is a distinet, new improve-

ment over all previous designs.
It is the result of a basically sound process of
development and its excellent performance has
been proved by actual tests at the “birthplace” of
FM—W2XMN, Alpine, N. J. Now WE are ready,
when YOU are ready—to provide this new turn-
stile antenna for installation on your building
roof or supporting tower.

Complete Technical Data on Request!

Quotations will be gladly submitted for individual
applications only, and will include the essential tubu-~
lar steel mounting pole, turnstile elements, coupling
equipment, transmission lines feeding the elements,
etc. Climbing steps, lighting equipment and sleet
melting units are also available as optional equip-
ment. Write today for complete facts and please
indicate your proposed frequency, power and location.

John E. Lingo & Son, Inc.

Dept. E-3 Camden, N. J.
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For Vo‘lmge Measurement

selection.

oS peci fications:

Ranges: Push button selection of five
ranges, 1, 3, 10, 30, and 100 volts
full scale either a.c. or d.c.

Accuracy: 2% of full scale on each
range either a.c. or d.c.

MEASUREMENTS CORPORATION

® D.C. Voltmeter:

Stabilized, balanced, degenerative amplifiers elimi-
nate “zero drift'—no change of zero with range
Polarity reversal
calibration. Meter not damaged by severe overload.

® A.C. Voltmeter:

Balanced diode circuit reduces zero drift. Compact,
low-loss, low capacity probe designed for accurate
measurement for frequencies from 30 cycles to over
150 megacycles.
remove d.c. component.
values of a sine-wave or 71% of the peak value
of a complex wave.

switch. Linear scale

Built-in blocking condenser to
Calibrated to read r.m.s.

Power Supply: 115 volts, 60 cycles—
no batteries.
Dimensions: 4%"” wide, 6” high, and
8%" deep.

Weight: Approximately six pounds.
Price: $135.00 f.o.b. Boonton, N. J.

@

BOONTON

NEW JERSEY

|
|

TYPE LL

NOT A SIDE LINE o o o

CONCENTRATION on a single line in a world of indus-
trial specialization * * * and devotion to the ideals of
quality and service
CANNON Cable Connectors recognized leadership in a

fllugtrated Bulietins contain valuable information on
devoted exclusively fo Seund.

CANNON ELECTRIC DEVELOPMENT CO.
3207 HUMZOLDT ST., LOS ANGELES, CALIFORNIA

Eastern Sales Office: 220 Fifth Ave., New York, N. Y,
Chicago: Kelburn Engineering Co., 600 W, Jackson Blvd.

world market.
Contact Electrical Cable Connectors is not a sideline but
practically the exclusive line on which the skilled factory
organization concentrates.
of manufacturing
CANNON Plugs are pre-eminent in the fields of Sound,
Aeronautics, Geo-physical Research, Instrument-Control on |
Ships and Laboratory Panels.

Please specify your requirements when requesting bulletins

* * * these factors have won for ‘
With Cannon, the production of Multiple- ‘

Over a quarter of a century |

experience is behind every product,

Plug Problems. Bulletin <P & 07

1% Watt

L )
Simple as A-B-(

® Advanced winding methods,
technicians, - practicality of design, -
the ‘A-B-C’ of Instrument Resistors, Inc.

® Because of these modern methods, this
technical skill, wire-wound resistors by
Instrument Resistors, Inc., are less expensive — more efficient. |

® Cut unnecessary expense.
wire-wound resistors by Instrument Resistors, Inc.

Catalogue upon request.

- skilled

Stop delivery delays. Consider

90

Instrument Resistors, Int.

LITTLE FALLS, N. J.
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Phase Inverter Circuits. This subject
is covered in the November-December,
1940, issue -of Successful Servicing.
Successful Servicing is a house organ
dedicated to the financial and technical
advancement of the radio serviceman
and is available from John F. Rider
Publisher, Inc., 404 Fourth Ave., New
York City.

Thermocouple Pyrometer Catalog. Cat-
alog E-33A-503 available from Leeds
& Northrup Co., 4907 Stenton Ave.,
Phila., Pa., describes apparatus for
checking thermocouple pyrometers in
plants and laboratories. Much of the
apparatus it describes has been avail-
able for some time but the book is in-
tended as an easy reference to aid in
the problem of selecting the instru-
ments and standards best suited to a
given job of checking.

Relays. Advance Electric Co., 1260 W.
Second St., Los Angeles, Cal., have
available Catalog E which contains
complete information and illustrations
of relays available. Included in the
catalog is a recently perfected a-c pole
piece which was designed for higher
efficiency, less temperature rise and
quieter operation.

Aluminum Conduit Fitting Assemblies.
A new bulletin, containing over fifty
aluminum conduit fitting assembly il-
lustrations, has been announced by
American Phenolic Corp., 1250 Van
Buren St., Chicago. Twelve U. S.
Army-Navy Standard conduit fittings
are included in this bulletin.

Handy Calculator. A new Handy Cal-
culator, based on the 1940 National
Electrical Code is available from Bull
Dog Electric Products Co., 7610 Joseph
Campau Ave., Detroit, Mich. This cal-
culator gives information on new wire
sizes and capacities and also data for
wiring motor circuits.

Sound Systems. Sun Radio Co. 212
Fulton St.,, New York City, have pub-
lished their 1941 general catalog on
Sun sound systems.

Inerteen-filled Capacitors. A two-page
data sheet (No. 49-225) on high-volt-
age Inerteen-filled capacitors, for d-c
service, has been announced by West-
inghouse Elee. & Mfg. Co.,, Dept.
7-N-20, E. Pittsburgh, Pa. Numerous
applications are listed and use of ca-
pacitors in each explained. Electrical
ratings and dimensions in a convenient
table are also included.

Square Wave Analysis. The technique
of square wave analysis is illustrated
and described in a bulletin available
from Instruments Corp., Boonton, N. J.
Descriptive matter on Model 71 square
wave generator, and Model 54 and 65
standard signals generators is also
included in the bulletin.

Electrostatic Voltmeter. Bulletin GEA-
3020A contains a complete description
of an electrostatic voltmeter designed
for a-c and d-¢ measurements of volt-
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ALLIED . .. TYPE HX RELAY

A new series of four relays for modern
mobile, marine and industrial equipment.
They are small, rugged units of high-
current capacity and low coil wattage
‘operation.

Insulation is Alsimag. Contacts are V4"
silver with wide spacing sufficient to
handle 15 amperes at 110 volts A-C, and
7 amperes at 110 volis D-C non-inductive.
Contacts available in 2-pole double-throw,
and 3-pole double-throw. Coil operation
can be had from 5 volts to 250 volts A-C,
and from 1 volt to 125 volts D-C.

Also manufacturers of a complete line
of relays for all communication and elec-
tronic uses.

Write for complete descriptive literature
and prices.

ALLIED CONTROL CO., INC.
227 FULTON STREET NEW YORK CITY

- Do_JErecious Metals

" Alloys Answer Youi
Problem?

B, =t g

PERMO Metal is now available
to industry on an increased scale
due to the enlarging of our Metal-
lurgy Division.

Permo Metal is a smooth, wear re-
sisting, non-corrosive alloy with a
low coefficient of friction, made of
precious metals (Osmium, Ruthen-
ium, etc.).

Instrument bearings, long life foun-
tain pen tips, phonograph needles
and contacts—are just a few of
countless uses of these remarkable
alloys.

An additional service of prelimi-
nary assembly of material to holder
or shank is also gvailable. Write
for detailed data.

PERMO PRODUCTS CORP.
Manufacturing Metallurgists

6427 RAVENSWOOD AVE. t"f CHICAGO, ILLINOIS
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age on systems where one line is
grounded. It can also be used where
a high-impedance, high-voltage instru-
ment is required. General Electric Co.,
Schenectady, N. Y.

Miniature Panel Instruments. A new
twelve page illustrated catalog No. 43—
350 covering the “35” line of miniature
panel instruments of the three-inch
classification is announced by Westing-
house Elec. & Mfg. Co., Dept. 8-N-48,
E. Pittsburgh, Pa.

Insulating Varnish. Irvington Varnish
& Insulator Co., 24 Argyle Terrace,
Irvington, N. J., have available a folder
which describes Harvel 612-C insulat-
ing varnish. This is a varnish recently
developed and is an internal drying,
synthetic resinous phenol-aldehyde type
that offers substantial electrical, me-
thanical, and application advantages
over oxidizing type varnishes.

Rheostats. Type F-500 watt rheostats
are described in bulletin 1040 available
from Hardwick-Hindle, Inc., Newark,
N. J. These are for use in motor speed
control, generator field control, lamp
dimming, electronic tube control, ete.

Condensers and Resistors. Catalog 64
available from Girard-Hopkins, Oak-
land Cal. describes the several types
of condensers (dry, wet, paper tubu-

| lars, paper filter, oil filled, oil trans-

mitting) as well as carbon and insulated

resistors available from them.

High Speed Power Level Recorder.
This instrument was designed to make
a permanent continuous record of the
variation of intensity of any electrical
signal, on either a linear or logarithmic
scale, or to record rapid changes of in-
tensities over a wide range. Several
models are illustrated and described in
an eight page bulletin available from
Sound Apparatus Co., 150 West 46th
St., New York City.

Tubes and Rectifiers. Characteristics,
ratings and prices are included in a
bulletin available from Amperex Elec-
tronic Products, 79 Washington St
Brooklyn, N. Y. on transmitting tubes
and mercury vapor rectifiers.

Tube Characteristics. Complete in-
formation on the characteristics, classi-
fication, and socket connections of RCA
receiving tubes is included in the new
edition of the RCA Receiving Tube
Characteristics Chart now available
through RCA tube distributors.

Resistance Decades. Resistance decades
available from Shalleross Mfg. Co., 10
Jackson Ave., Collingdale, Pa., are
described in literature available from
the manufacturers. Unmounted decade
resistances, wire wound resistances,
wire wound resistors, rotary instrument
switches, binding posts, and decade
potentiometers are also described in
the bulletin.
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Unit 199
Recording
Mechanism

The ultimate in quality of
sound reproduction is avail-
able in Fairchild Portable
Recorders. Here you’ll find
unusual flexibility in port-
able indoor-outdoor duty.
Its rigid mechanism—its
generally rugged construc-
tion—will withstand car and
truck transportation punish-
ment, Mounted |solidly in
cabinet or control room con-
sole, its performance is
equal to the finest studio
equipment available.
® Records at 33l or 78 RPM
from either outside in or
inside out, without chang-
ing feed screws.
® Selection of four cutting
pitches.
® Dynamically balanced
turntable accommodates
any size disk from 6 to 16
inches.
® Synchronous motor “float-
ing” independently of its
associated equipment pre-
vents possible vibration—
keeps even slightest vi-
bration noise fromrecords.
® Many other features.

WRITE FOR DESCRIPTIVE LITERATURE

Ul

Sound Equipment Division

CORPORATION
88.06 Van Wyck Boulevard, Jamaica, L, I, N. Y.
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Note

The Library com-
prises a selection
of hbooks culled
from leading Mec-
Graw-Hill publica-
tions in the radie

RADIO
ENGINEERING

LIBRARY

—especially selected by radio specialists of
McGraw-Hill publications

—to give most complete, dependable cov-
erage of facts needed by all whose fields
are grounded on radio fundamentals.

— available at a special price and terms

cover circuit phenomena. tube
measurements, and other
subjects—give specialized treatment _of all
flelds of practical design and a_ppllcatlonA
They are books of recognized position in the
literature—booka you will refer to and be
referred to often. If you are a researcher
or experimenter—if your interest in radio is
deep-set and based on a real desire to go
further In this fleld—you want these books
for the help they give in hundreds of prob-
lems throughout the whole fleld of radlo
engineering.

S volumes 3319 pages, 2298 illustrations

1. Eastman’s FUNDAMENTALS OF
VACUUM TUBES

2. Terman’s RADIO ENGINEERING
3. Everitt's COMMUNICATION ENGI-

These books
theory, networks,

NEERING

4. Hund’s HIGH-FREQUENCY MEAS.-
UREMENTS

5. Henney’s RADIO ENGINEERING

HANDBOOK
Special Low Price and Easy Terms

Bought singly, the five volumes comprising
this library would cost you more. Under
this offer you save money and, in addition,
have the privilege of paying in easy install-
ments beginning with $2.50, 10 days after
receipt of the books, and $3.00 monthly there-
after. Already these books are recognized as
standard works that you are bound to require
sooner or later. Take advantage of these con-
venient terms to add them to your library now,

SEND THIS ON APPROVAL COUPON

McGraw-Hill Book Co., Ine.
330 W. 42nd St., New York, N. Y.

Send me the McGraw-Hill Radio Engineering Library
5 vols., for 10 days’ examination on approval. In 10
days I will send $2.50, plus few cents postage, and
$3.00 monthly till $23.50 is paid, or return books post-

pald. (We Dpay postage on orders accompanied by
remittance of first installment.)

NaMO o ivevnvivrnrioionteiesriscrsisecssnsassisesess
AdAress v opet 34 EDEe Db e Do e e B R SEREREER aF

Citysand State muirimsis Jicwl d#E Joe @ I bodfredl o TenEhER
Position sl e artotm » 518 {E rvdd Sm a dfierss IEB m $ATweTals saalele

Company
{Books sent on approval in U. 8. and Canada only.)
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Automatic Double Reset
Timer

A NEW AUTOMATIC DOUBLE RESET TIMER
has been designed by The R. W. Cramer
Co., Inc.,, of Centerbrook, Conn., for
industrial applications requiring an
adjustable and rapidly repeating time
cycle. The timer incorporates the
latest improvements of Cramer’s time
delay relays and reset timers and is
designed to provide accuracy and flexi-
bility in repeat cycle operation. The
unit consists of two reset timer mech-
anisms mounted upon a control panel.
Micrometer adjustments and band-
spread time scales are provided to
facilitate accurate settings. A gray
enameled die-cast housing provides both
rugged and dust-proof protection amtd
facilitates mounting and wiring. Either
conduit or BX type wiring may be
used. The housing may be locked as a
protection against alteration of critical
timing of industrial processes. These
units are available for 110 and 220-volt
and 50 or 60-cps operation. At the pres-
ent time, the time ranges available for
each of the individual timers are 15, 30,
60 and 120 seconds, maximum. Current
carrying capacity of the switches is 10
amps at 110 volts, 60 cps. Housing di-
mensions are 7gx4%x3% inches. Knock-
outs for 2 and % inch conduit are
provided.

Time Standard

BULLETIN 2089AC RECENTLY MADE
AVAILABLE from American Instrument
Co., 8010 Georgia Ave., Silver Spring,
Md., describes a tuning fork controlled
time standard. This instrument con-
sists essentially of an electronically
driven 500 eps tuning fork and an elec-
trically isolated pickup and power
amplifier as the source of the output
power. The fork is free of all mechan-
ical connections. The unit is complete
with a self-contained stable fixed-
frequency power oscillator. The instru-
ment is for use in driving galvanom-
eters for oscillographs, oscillograph
cameras; driving synchro-chrono-
graphs; a time standard for adjusting
watches, motors, generators; a source
of modulating current for signal gen-
erators and radio beacons; a source of
constant frequency sine-wave voltage
for all types of a-c bridge circuits;
geophysical and structural explora-
tions; or for other uses where alternat-
ing current of constant and known
frequency is desired. The output is
2% watts maximum undistorted sine-
wave power (continuously variable),
controlled by a knob on the panel. The
push-pull amplifiers are rated at 10
watts maximum output, and the final
output transformer has a power rating
of 20 watts. The tuning fork Iis
rated at a frequency of 500 ecps
+ 0.2 per cent at 25° C. The tempera-
ture coefficient of frequency is minus
0.012 per cent per degree C.
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Radio Testing Instrument

IT HAS BEEN ANNOUNCED by Hickok
Electrical Instrument Co., (10307 Du-
pont Ave., Cleveland, Ohio) that their
model 155 “Traceometer” has been im-
proved by the addition of a self-con-
tained speaker internally connected for
monitoring either r-f, i-f or a-f chan-
nels Model 155 with its five meters
gives continuous, accurate measure-
ment of voltages and traces the signal
in any five circuits at one time without
interfering with the performance of

the set.

The vacuum tube voltmeter
circuits are so arranged that accidental
overvoltage cannot damage the meters.
These measurements are possible with
this instrument: Signal measurement
in microvolts at any point on the entire

rf-if section; measurement of actual
oscillator voltage throughout its entire
range; measurement of all d-c voltage,
ave, afe, power supply, etc.; measure-
ment of a-f and a-c voltage in any cir-
cuit; measurement of actual wattage
consumption of any a-c¢ system to 300
watts.

Photoelectric Relay

A NEW PHOTOELECTRIC RELAY, housed in
a cast alloy chassis with a compact
molded cover, was recently announced
by General Electric, Schenectady, N. Y.
This new relay will operate at speeds
up to 150 interruptions per minute and
at a minimum of 40 foot-candles at the
phototube with not more than 15 foot-
candles of extraneous light present.
Applications include counting, sorting,
weighing, measuring, controlling, sig-
nalling, inspecting and regulating
when conditions permit. The relay has
a controlled contact rating of 10 amps
at 115 volts ac, with two normally open
and two normally closed contacts. The
coil of the relay is energized when the
light at the phototube is reduced below
30 foot-candles. There is provision for
mounting the relay by any one of sev-
eral methods.

Frequency Converters

Two TYPES OF FREQUENCY CONVERTERS
are available from Clark Laboratories,
Palm Springs, Cal.

The first of these is a new 30 cps
electron tube frequency converter for
the operation of industrial vibrating
screens, conveyors, coolers, feeders,
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dryers, ete. This unit provides a 30 eps
half wave supply with 1800 vibrations
per minute, from a 60 cps line, and
replaces a 15 cps motor-generator set.
The instrument is simply constructed
and requires no special training for in-
stallation or maintenance. Units are
available up to 9 kva.

The second instrument is an h-f con-
verter for surface hardening and melt-
ing. It is designed to simplify the static
conversion of ac from one frequency
to another, and especially in the h-f
ratings. The unit operates on a three
phase, 60 cps, and delivers single phase
power of 1000, 2000, 3000 or more eps,
or any intermediate frequency within
its range. This instrument is available
in sizes of 30 kva to 3000 kva.

FM Station Monitor

A NEW FM STATION MONITOR has been
introduced by the General Electric
Company, (Schenectady, N. Y.), as an
addition to its line of frequency modu-
lation equipment. The new unit per-
forms the vital functions of a center-
frequency monitor, modulation moni-
tor, high-fidelity audio monitor, and
modulation-limit indicator of the flasher
type. Complete in one compact unit,
the monitor reads center-frequency de-
viation directly regardless of whether
or not the transmitter is being modu-
lated. Easy-to-read illuminated instru-

ments indicate center-frequency devia-
tion and percentage of modulation. In-
stant calibration of the -center-fre-
quency deviation instrument at the flip
of a switch is also provided for by
means of a crystal standard, mounted
in the new high-precision G-E Type

G-31 Thermocell. The high-fidelity
audio monitor has sufficient output to
feed an audio-monitor amplifier. Its
frequency uniformity is better than 3
db from 30 to 15,000 cps. The modula-
tion-limit flasher (with a range of from
50 to 120 per cent) is adjustable to
show whenever modulation exceeds the
value for which the panel control is
set.

Radio Receiver and Direction
Finder

A NEW JEFFERSON-TRAVIS, “TRrIi-ADD”
marine radio receiver and direction
finder consists of a compact, three band
marine-type receiver designed to oper-
ate as such alone or as a direction
finder by the addition of a plug-in
loop antenna with a compass scale. A
second unit is the direction finder
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BUD CONDENSERS are designed

All BUD condenser types are
made in a variety of stock sizes.
In addition, we make many special
sizes to manufacturer’s specifica-
tions. We will welcome the oppor-
tunity to quote on your condenser
requirements, whether they be for
stock itlems or special types de-
signed 0 your exact specifications.

Write for your copy of
the BUD Catalog.

for all electronic
applications

BUD  air-dielectric  condensers
are designed to meet the rigid re-
quirements of constant service in
industrial, medical, and laboratory
equipment. They are used in dia-
thermy equipment; police, aircraft
and commercial transmitters; geo-
physical apparatus and a wide vari-
ety of similar applications.

BUD RADIO, INC.

CLEVELAND, OHIO

NO ENGINEER

whose work takes him into
the field of sensitive elec-
trical devices can say—to-
day-—that he is thoroughly
grounded unless he “knows
his electronics.”

Because electronic cir-
cuits more and more are
getting into industrial
an automatic
hand, an automatic eye, a

work as

new means of generating
heat, etc., etc., they have
become the background for
a new cycle of industrial
progress.

Are you trying to
get along without
ELECTRONICS? Better

subseribe today!

USE CARD IN THIS ISSUE
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Variable
SELECTIVITY

Simplified
OPERATION

Wide ,
Voltage Range §§

Linear

Meter Scale

- )
Harmoni¢

I
| e
fss You can measure the

individual components
of a complex wave accurately and rapidly
with this new Harmonic Wave Analyzer.
The variable selectivity feature makes this
instrument useful at both high and low fre-
quencies with no sacrifice of accuracy.
The wide voltage range covers values of
nearly every application. Simplicity of op-
eration saves time in making tests. Get
complete information about the many other
outstanding features.

Write for Bulletin #T-103

HEWLETT-PACKARD CO.

Laboratory Instruments
481 Page Mill Road. « Palo Alto, California
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A NEW Precision Crystal

Secondary

FREQUENCY STANDARD
THAT HAS BEEN
"Designed for Application”

A precision frequency standard capable of being
adjusted to WWYV or some other primary standard

and putting out uniformly accurate calibrating
signals with 10, 100, 1000 KC_intervals, Uses the
new GENERAL, ELECTRIC No. 18A 1000 KC

crystal having a frequency temperature coefficient
of less than one cycle /Mc/C° The crystal is
iealed in Helium in a standard metal tube enve-
OD!

The self-contained AC power supply has VR150-30
voltage regulator tube.
In addition to oscillator, multivibrators, and
harmonic amplifier, a built-in mixer with phone
jack and gain control on panel is incorporated.

JAMES MILLEN
150 EXCHANGE ST.

MFG.CO. Inc.
MALDEN,MASS.

for technical and
business men

NEW 1941

Catalogue of

McGRAW-HILL BOOKS
OVER 1500 BOOKS DESCRIBED

Here is a2 guide to practical, expert infor-
mation on many business and technical
subjects. It contains clear, concise descrip-
tions of more than 1500 authoritative, in-
formative books written by leaders of
business, industry and research. Get your
copy now. In it you will find the up-to-
date books that will give you the facts—
experience—data—you need in solving your
particular problems.

McGraw-11ill Books bring you the
experience of cexperts in your fleld

Mail This Coupon for Your Free Copy

McGraw-Hill Book Co., 1nc., 330 W. 42 St., N. Y.
Please send me a free copy of the New 1941 Catalogue
of McGraw-Hill Books. I want to know more about:
(Name subjects of most Interest to you.)

Address

. State .

City .
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loop and compass scale assembly
with ear phones, arranged so that they
may be added to the receiver to form a
complete marine direction finder. The
receiver can be purchased initially and
used alone, and, at the owner’s option,
the direction finder assembly can be
purchased with it or it can be added
later. The tuning range covers three
bands which include the marine radio
beacon range of 200 to 400 kc; the
standard broadcast band of 550 to 1500
ke and the marine radiotelephone range
of 2000 to 3000 ke. The manufacturers
are located at 136 West 52nd Street,
New York City.

Marine Radio Equipment

COMMUNICATIONS Co0., (CORAL GABLES,
Fra.), 25- and 50-watt marine radio
equipment has the following features:
Dual stand-by receiver, completely pre-
tuned transmitter, complete press-to-
talk operation. Cast construction is
used throughout. The castings are of
non-ferrous and non-magnetic material
treated to withstand corrosion. The
transmitter, receiver and modulator
power units are separate, and therefore
their location can be made as flexible
as necessary in conforming to individ-
ual space requirements. The transmit-
ter is pretuned and locked at the time
of installation to assure maximum out-
put. No tuning is necessary when
shifting from ship-to-shore, ship-to-
ship or Coast Guard. Two dynamotors
(one for the receiver and one for the
transmitter) require low battery drain.
The transmitter dynamotor is used
only while talking. This equipment can
be supplied for 6, 12 and 32 volt battery
systems. The converter is for use only
on a 110 volt model.

Interference Locator

THE SPRAGUE MODEL IL-2 INTERFER-
ENCE Locator is a new device, designed
in cooperation with public utility en-
oineers and radio interference special-
ists to provide an inexpensive, highly
sensitive and rugged portable device
for the location and isolation of radio
interference elimination. It is useful
to radio servicemen who are interested
in noise complaints arising from elec-
trical devices attached to power lines,
or to public utility engineers to elimin-
ate radio noise sources from the power
or distribution line itself. The instru-
ment operates either from self-con-
tained batteries for portable operation,
or directly from 115 volt a-c or d-c
lines. A directional loop antenna is
mounted on top of the cabinet when in
use, or carried within a cover recess en
route. An extensible pole antenna with
a special input ecircuit is provided as
standard equipment.

Tuning ranges are 500 to 1700 ke;
1.7 to 5 Me; and 15 to 32 Me. An input
signal of less than two microvolts will
produce a deflection of 10 per cent on
the output meter scale. The Locator is
equipped with a loudspeaker unit, and
a two range calibrated output meter,
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which provides a visual and an audible
measure of interference intensity. A
calibrated volume control may be used
with the output meter to measure inter-
ference suppression devices. The loop
antenna can be switched to audio input
as a search coil for a-f interference
pick up or for use as a pipe finder. A
special coaxial cable, complete with
connectors is also available at extra
cost, for remote use of pole antenna as
a probe.

All-Metal Fractionating Pump

A NEW ALL-METAL fractionating pump
Type MC-275, has been announced by
Distillation Products, Inec., Rochester,
N. Y., as an addition to its line of high-
vacuum equipment. The new pump, a
vertical unit, has been developed spe-
cifically to meet the needs of industrial
fields in which a more rugged pump
than the glass-metal type is required.
Its all-metal construction guards
against accidental breakage, and the
pump can easily be adapted to fit most

vacuum systems. Speeds of nearly 300
liters per second, are available in the
Type MC-275 unit, in the range of 107
to 10° mm of Hg. This speed, coupled
with the ultimate vacuum rating of
6 x 10° mm, makes the pump suited
for use with cyclotrons, electron diffrac-
tion cameras and ultracentrifuges, and
in mirror coating, metal sputtering and
the recently developed art of lens coat-
ing.

Although not of the multistage type,
the unit is a fractionating model due
to its catchment lobe on the forepres-
sure arm. Special rugged esters are
used as pumping fluid.

Negative Temperature
Coefficient Resistor

KEYSTONE CARBON Co., ST. MARY’S, PA.,
announce a negative temperature co-
efficient resistor which decreases in
resistance when there is an increase in
temperature. The temperature of the
resistor may be raised either by the
passage of current through the resistor
itself or by means of some external
heat source. The unit may be used to
reduce or eliminate initial current
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surges in various types of equipment,
to provide various degrees of time
delay aection, or to compensate for re-
sistance changes due to temperature
variations in circuit components. The
decreasing resistance of the resistor
can be made practically linear over a
wide range. All of the connections are
molded to the body of the resistor to
insure a permanent contact and to pro-
vide simple and rugged construction.

High Impact Phenolic Molding
Compounds

A NEW DEVELOPMENT IN HIGH IMPACT
phenolic molding compounds has re-
cently been completed by Durez Plasties
& Chemicals, Inc. of North Tonawanda,
N. Y, to be known as Durez 1910. This
is the third in their new series of 1900
materials. Durez 1910 contains graph-
ite and was developed especially for ap-
plications where minimum frictional
resistance is desirable. Durez 1910 has
a particle size comparable to dry rice
and may be preformed easily. It flows
freely through standard feeders. Spe-
cific gravity is 1.45. Bulk factor is
3.6:1.

Aircraft Relays

ALLIED CONTROL Co., INC., 227 Fulton
St., New York City, announces a special
line of precision-built aircraft relays
designed for minimum of size and
weight and increased resistance to
vibration. The units incorporate the
dynamic balanced armature principle
and have a stainless steel pin hinge to
insure reliability. Contact and coil
lugs are located on top of the relays
for easy accessibility. Silver is used as
the standard contact material although

special alloys are available for particu-
lar applications. A spring arrangement
provides ample wipe. Wax-impregnated
bakelite is used for insulation. Coil
specifications are rated from 5 to 220
volts for ac, and from 1 to 125 volts
for de. These relays have been de-
signed particularly for aircraft trans-
mitters and receivers, flight instru-
ments, control devices and remote con-
trol switching, but can also be used
for all types of industrial and mobile
requirements.
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“PRECISION”

INDUSTRIAL and LABORATORY TESTERS

The more than 40 models in the
"PRECISION" 1941 line provide a ver-
satike selection of radio and electrical
test equipment to satisfy almost every
PRCDUCTION TESTING and LABO-
RATORY requirement. WRITE FOR
THE NEW "PRECISION" 1941 catalog!

HIGHLY TRA

“PRECISION" manufactured to "PRE-
CISION" standards of accuracy, work-
manship and materials — all "PRECI-
SION" instruments are fully guaranteed
to give lasting satisfaction under the
most exacting conditions of service.

INED

. WIRE _MEN AND SOLDERERS

‘SIGNAL GENERATORS
HAND CAI.IBRATED

PRECISION APPARATUS COMPANY -

Export Divislon: 458 BROADWAY, NEW YORK CITY, U. S. A.

) @@EEHSHOWJ 1651 &

SEE THEM AT YOUR JOBBER

" CABLING
TELEPHONE CABLI
gmnovgg_ugoucuouj.,

647 KENT AVENUE - BROOKLYN, N. Y.

Coble Address: MORHAMEX

HERE IS A

Revolutionary

AUDIO OSCILLATOR

Model 652
The Jackson Model 652 has a basic new

principle of operation: Audio Frequency
voltage is developed at its FUNDAMENTAL
Frequency. This is NOT a “beat frequency’’
oscillator and contains no R. F. circuits.
This instrument sets a new high standard
for perfcrmance. Characteristic faults of old
style methods are eliminated. Operation is
vastly simplified. The Model 652 has re-
markable frequency accuracy and stability
cf output. Direct reading, glass enclosed
dial and many other outstanding features.
Priced just $64.50.

Write now for descriptive literature

THE JACKSON ELECTRICAL
INSTRUMENT COMPANY

123 Wayne Avenue Dayton, Ohio
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JONES 500 SERIES
PLUGS and SOCKETS

6 contact
Plug and
Socket

and 25

every electrical and mechanical require-

5000 volts amperes. Fulfills
ment. Polarized to prevent incorrect
connections. Easy to wire. Sizes: 2, 4,
6, 8, 10 and 12 contacts. Thousands of

uses, Write for Bulletin 500 today.

HOWARD B. JONES
2300 WABANSIA AVENUE,
CHICAGO ILLINOIS
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e To Serve Well the -
Professional Radiomen

An Unending

CREI Courses in Practical Radio

Engineering Are Under Constant
Revision to Meet the Ever-New
Developments of the Radio Art

There will never be a “completed”
CREI home study course. We will
never be content to “let well enough
alone.” That is why our texts are pre-
sented in loose-leaf binders for con-
stant addition and revision. New ideas,
new equipment, new methods are con-
stantly changing the radio scene and
to keep pace with this progress CREI
is constantly revising and modernizing
its lesson material.

This is a never-ending task for our
competent staff of outstanding engi-
neer-instructors, headed by Mr. E. H.
Rietzke. Today, Mr. Rietzke is still
writing new lessons and revising older
ones, assisted by a highly qualified
staff of radio engineering specialists.
CREI training is built on a sound
knowledge of modern radio engineer-
ing practice. Behind the scenes, CREI
is making a constant effort to improve
that which already has proven good.
This is slow, exacting and arduous
work, but the results are far-reaching
in effect, as shown by the accomplish-
ments of our students and graduates.

The entire CREI home study course in-
cludes 120 complete lessons.  Our
schedule requires a thorough revision
and new printing of all lessons at
frequent intervals. Very rarvely does a
CREI lessén, when issued, show a
copyright date older than two years.
ONLY by such methods can radiomen
be assured of adequate up-to-date les-
son material.

Home Study Catalog on Request
“Stnce 1927”7

CAPITOL RADIO

ENGINEERING INSTITUTE
E. H. Rietzke, President

E-3, 3224 -16th St.,
Washington, D. C.

Dept. N.W.
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Pyrometer Controller

MODEL 486 ELECTRONIC PYROMETER con-
troller was designed for automatically
controlling temperatures up to 3300°
F. in industrial furnaces, ovens, and
kilns. It is available from The Bristol
Co., Waterbury, Conn. Moving parts,
such as motors, depressor bars, toggle
switches, and contacts are completely
eliminated from the control circuit,
since the control is accomplished by a
photoelectric cell. The pointer of the
pyrometer unit is free to travel
throughout its normal range without
mechanical engagements, enabling ac-
curate indications plus closer control
of the quantity under measurement.

Microphone

UNIVERSAL MicrorHONE Co., LD,
Inglewood, Cal., has introduced model
CU-1 microphones for aeroplane and
yacht installations. Bakelite molded
plastics of black phenolic type is used
for the housing to achieve moisture re-
sistance, durable finish and lightness
of weight. Characteristics of the new
unit include single button carbon,
moisture proof ¢ord which is 3% inches
long, motor noises damped out by
anti-noise construction, press-to-talk
switech which connects the microphone
and the relay circuit at the same in-
stant, and “push-in” mounting bracket.

Automatic Relay

AN AUTOMATIC RELAY available from
Amperite Co., 561 Broadway, New York
City, changes a battery set to a-c or d-c
operation by plugging a cord into an
a-c or d-c line and turning on the set
switech. When the switch is turned on,
the set operates immediately on the
battery for approximately 25 seconds
(the time it takes for the rectifier to
heat up) and then switches off auto-
matically to a-c or d-c operation. The
relay consists of two single pole con-
tacts which are placed in the —A and
—B battery lead. As soon as ac or dc
is passed through the set the relay
automatically starts operation.

Tellurium Portable Cables

CABLES FOR USE IN INTERCONNECTION or
control of portable equipment wherever
extremely heavy duty is encountered
are available from General Electric
Co., Schenectady, N. Y. Several types
are available for 600 volts and for 2500
volts and above. The over-all jacket is
made of 60 per cent new rubber com-
pounded with tellurium which assures
a tough, long lived, water-resisting
outer jacket. The cable is molded in a
lead sheath. When the lead is stripped
off, it leaves a smooth surface, and the
cable can be dragged through stones,
weeds, etc., without catching. The
cable is flexible and is able to withstand
the effects of being accidentally run
over.
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—MICO—
ENGRAVER

== |

For lettering panels of steel, alugni-
num, brass, or bakelite, or for marking
finished apparatus.

A sturdy machine for routing production
as well as occasional engraving.

Attachments increase its versatility to
include large work on flat or curved
surfaces.

Excellent engraving can be produced
by an inexperienced operator.

Catalogue on request.
Prompt Delivery

Priced from $115 with type.

Mico Instrument Co.
20 ARROW STREET

CAMBRIDGE, MASS.

PROFESSIONAL
SERVICES

(Rates on Application)

ELECTRICAL TESTING
LABORATORIES

Characteristics
of Vacuum Tubes
Tests of photo cells, glow lamps, crater lamps,
Tests of electronics and optical devices
East End Avenue and 79th Street
New York, N. Y.
Phone: Butterfield 8-2600

HAROLD J. McCREARY
Mem. A.LE.E. & W.S.E.
Consulting Engineer

Laboratory Facilities
Electronics

Television
sign Radio
Factory Practise Railroad Signaling
Patent Studies

Telephony
105 W. Adams St. Phone STate 4003 Chicago, I1.

Research
Development

JOSEPH RAZEK, PH.D.

Consulting Physicist

Electrical and Mechanical Engineering Problems

Instruments and Control Devices Electronics

Specialist in Colorimetry, Spectrophotometry and
Industrial Color Control

Laboratory and Shop Facilities

430 Greenview Lane Llanerch, Pa.

F. H. SHEPARD, JR.

CONSULTING ENGINEER
ELECTRONIC APPLICATIONS
Specializing In:

Industrial Control Special Amplifier Design
Follow-Up Devices Photoelectric Applications
Radio and Carrier Operated Remote Control
6167 Cedar Ave., Merchantville, N. J.
Telephone Merchantville 1111
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Directional Loop Antenna

A NEW DIRECTIONAL loop antenna for
civilian planes which makes radio direc-
tion finding possible with a conven-
tional aircraft receiver, has been an-
nounced by the Aviation Radio Section
of the RCA Manufacturing Company,
Ine. It can be used to direct the plane
toward a radio beacon or a radio broad-
casting station or, by simple naviga-
tion, can be used to plot a course in any
direction with the.aid of radio bearings.
Light in weight, the loop is designed to
give long service under severe condi-
tions. The antenna, measuring 12
inches in outside diameter, is provided
in both local and remote control models.
It will operate as a direction finder
on the beacon (195-420 ke¢) band, or on
the beacon and broadcast (195-420,
and 495-1400 kc¢) bands. A high qual-
ity, air transport size unit, it combines
high electrical efficiercy with the
rugged construection necessary for pass-
ing Civil Aeronautic Authority re-
quirements.

The antenna is designed for use with
RCA aviation radio receivers Model
AVR-7D, E, F, G and H, and two in-
expensive conversion Kkits have been
provided to make the installation. It
can also be used with any other receiver
having an adequate sensitivity, and
whose input circuits can be trimmed to
match the electrical characteristics of
the versatile loop transformer. The
two models are designated as AVA-56
and AVA-56A. The former has the
loop tuning control at the end of a 10,
or 30, inch shaft. The other model pro-
vides remote tuning control by means
of a cable from the instrument board
or from some other convenient location.

Midget Tubular Oil-Filled

Condensers

AEROVOX CorP., NEW BEDFORD, MaAss.,
announce as a standard item, a series
of oil-impregnated oil-filled condensers
in a handy tubular form, type 89. A
cadmium-plated brass can is used for
hermetic sealing. The can is covered

by a varnished-paper jacket with spun-
over ends to prevent the shorting or
grounding of sharply-bent leads. A
center mounting strap is included with

the unit. These condensers are avail-
able in 400, 600, 1000 and 2000 volt
ratings, and 0.006 to 0.5 uf capacities.
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We manufacture a complete line of equipment

SPOT WELDERS, electric, from % to 500 KVA AC ARC

TRANSFORMERS, special and standard types WELDERS
INCANDESCENT LAMP manufacturing equipment From 100 to
RADIO TUBES, ex-ray cathode ray, photo cells 400 Amps.

ELECTRONIC EQUIPMENT, vacuum pumps, etc.
WET GLASS slicing and cutting machines for laboratory use
GENERAL GLASS working machines and burners
COLLEGE GLASS working units for students and laboratory
EISLER ENGINEERING COMPANY, CHAS. EISLER, Pres.
751 So. 13th St. (near Avon Ave.) Newark, New jersey

CRYSTALS by

iRIIPOWIBIR

The Hipower Crystal Company, one of
America’s oldest nf]arqen manufac- I :

turers o>f precision crystal units, is able
to offer the broadcaster and manufac-
turer attractive -prices hscause of their

PILOT LIGHTS

J"lg for all electrical devices.

large production and the ‘exclusive !
Hipower grinding process. Whatever ;I

your crystal need may be, Hipower
can supply it. Write todagy for full g
informction, i

®
WRITE FOR CATALOGUE /4
showing a complete line of /
\ assemblies for all purposes,

SIGNAL INDICATOR Corp.

| 140 CEDAR ST.  NEW YORK, N. Y,

HIPOWER CRYSTAL CO. 3

Sales Division—20S W. Wacker Drive, Chicago }
Factory—2035 Charleston Street, Chicago, 111 £

FINE RIBBONS

of Tungsten, Molybdenum and
Special Alloys

To your specifications

H. CROSS

15 BEEEMAN ST. NEW YORK

/N ) 7. ade,léveriea/

We carry all reputable lines
IN STOCK . .. and we sell at

STANDARD DISCOUNTS . ..

Call on us for SERVICE!
BRyant 9-1944

HARVEY RADIO CO.

Conveniently located at Times Square

103 W, 43 ST. « NEW YORK, N. Y.

“What Can It
Do For Me?”’

Advertising that is read with this
thought in mind, may provide the
solution to a problem that has kept
you awake nights for weeks.
Remember, back of the signature of
every Electronics advertiser is an-
other organization, whose members
have thought long and hard about
your business in the course of in-
troducing and applying their prod-
ucts or services to your industry.

If their offerings can improve the
quality of vour company’s product
. .. Or 3ave your company’'s money
+ » - they can contribute to your com-
pany’s income.

We all know, “It pays to advertise.”
It pays just as big to investigate
what is advertised!

Each month, Electronics advertisers,
old and new, invite you and over
14,000 other subscribers to investi-
gate further the advantages they
can provide,

Departmental Staff
ELECTRONICS

CUTTING STYLI

For recording direct on all coated alumi.
num or paper base discs, Individually
‘lapped for a quiet, high quality cut.

‘H. W, ACTON CO., Inc., 370 7th Ave., New York

MICROMETER

FREQUENCY
from 1.5 to 56 mc.,
METER within 0.01 per cent.

LAMPKIN LABORATORIES

—Bradenton, Fta., U. 8. A,

for
checking
transmitters,

Sales With Profit . . . Recording Accessories
Priced right, National mdse. moves rapidly off
dealer shelves with legitimate profit. Send for
new ‘41 cat. incl. complete line of accessories.
Four types of recording blanks, usual sizes. Cut-
ting and playback needles, all types, buik or
packaged. New National blank discs, fastest sell-
ing item of the year.
ATIONAL RECORDING SUPPLY CO.
1065 Vine St. Hollywood. Cal.
———
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Antenna Reel

LEArR Avia, INc., Dayron, Ohio, an-
nounce an automatic foulproof antenna
reel. The reel is used to let out and
draw in a trailing antenna for use in
radio transmission from aircraft in
flight. Fabric-base Synthane material,

produced with- Bakelite resin laminat-

ing varnish, and fabricated by Syn-
thane Corporation, is used for the
housing. The reel has the tensile
strength to withstand strenuous vibra-
tions and the drag of the weighted an-
tenna of the plane in flight. It has the
resistivity to withstand a 12,000 volt
breakdown test.

Plugs and Receptacles

THE PyLE-NaTioNAL Co., 1334 North
Kostner Ave., Chicago, announces a
new line of midget heavy duty plugs,
receptacles and cord connectors for use
with portable electrical equipment.
Some of the characteristics of the plugs
and receptacles arve: interchangeable
contact units; reversible contact units
for safety protection; automatic lock-
ing features; plugs cannot be inserted
incorrectly, nor can they be inserted in
any receptacle having a different num-

ber of poles. Polarity is maintained by
unequal spacing of the contacts and a
keyway in the contact unit insulation;
grounding is achieved by contacts which
are provided with a spring clip which

contacts the plug or receptacle housing.
Bulletin No. 1140-1 gives more detailed
information on these products. They
are available in 2, 3 and 4 pole types,
rated at 10 amps, 250 volts or 15 amps,
125 volts.

SEARCHLIGHT SECTION

EMPLOYMENT BUSINESS

UNDISPLAYED RATE:

10 cents a word. minimum charge $2.00.
(See ¥ on lhox Numbers.)

Positions Wanted (full or part-time sularied
employment only), one-half the above rates.

Proposals, 50 cents a line an insertion,

NEW ADVERTISEMENTS reccived by 16

OPPORTUNITIES

INFORMATION:

York.
10

New
connt

Box Nwmbers in_care of our
Clicago or San Francisco offices
words additional in mndisplayed ads.
Diigcoun! of 10% if full payvient is made in
advance for four consecutive insertions of
undisplayved ads (not inclwding proposals).

A. M. March 27th will appear in the April issue,

EQUIPMENT—USED or RESALE

DISPLAYED—RATE PER INCH:

The advertising rate is $6.00 per inch for all

advertising appearing on other
traet

than a con
s. Contract rates quoted on request.

bas

An adrvertiging inch is measured % inch ver-

tically

m one. column, 3 columns-

30 inclhes
tn a page. 12

subject to limitations of space available.

WANTED — TRANSMITTING TUBE ENGINEER

capable of designing and supervising production of
Must be familiar with all small
' tubes and their applications.
erience and other pertinent details
including salary desired. This opening is with an
established manufacturer wishing to expand the
scope of its operation and offers a permanent
position in a progressive organization and a most
unusual opportunity,
P-268, Flectroniﬁs', 330 W, 42 St

L T TS IS

New York City 2

SELLING
OPPORTUNITIES
OFFERED—WANTED

Selling Agencies—Sales Executives
Salesmen—Additional Lines

POSITION VACANT

( See also ““Selling Opportunity Offered”’ )
LARGE MIDWESTERN radio receiver manu-
facturer has openings for experienced auto-
motive and household radio receiver design
engineers. Applicants should state education,
experience and give references. Our own em-
plovees know of this ad. P-270, Electronics, 520
N. \lxchlgan Ave., Chicago, Il]

POSITIONS WANTED

( See also '‘Selling Opportunily Wanted” )

FACTORY WORKER, (Master Electrician) all

around experience. inspector on elect. and
radio parts. tester, adjuster, assembler. Blue-
prints read; Ambitious, inventive and adapt-
able; hard worker. Basch, 108 West 76th St
N. Y. C. SUsquehanna 7-97189.

PHYSICIST, five years Government research-
development experience, electronics expert,
effective writer. Creative instrument and cir-
cuit designer. Desires stable technical or ad-
ministrative position. Reply PW-269, Elec-
(ronics 330 W. 42nd St New York, N. Y.

12 YEARS E\IGIVEERI\G and production

development in radio and electronics fields,
including aircraft, broadcast receivers. indus
trial devices, short wave communications,
Supervisory, executive experience. Age 34. PW-
g\v73.yElectrouics. 330 W. 42nd St, New York,

PATENT APPLICATIONS

PREPARED AND FILED
THOMAS APPLEBY
(Lt. Commander, USNR, RRet.)
REGISTERED PATENT ATTORNEY
Munsey Building
WASHINGTON, D. C.
(Established 1920)

OPPORTUNITY OFFERED

AGGRESSIVE SALES MANAGER with a prog-

ressive and expanding manufacturer of in-
dustrial and electronic equipment wanted.
Salary basis. §W-271, Electronics, 330 W. 42nd
St., New York, N. Y.

MEASURING EQUIPMENT

Four General Radio decade boxes.

2 General Radio variable inductors, Model
1070.

General Radio 219F decade condenser.

General Radio 377 audio oscillator.

Weston Model 322 200 microammpere meter.

Weston Model 45 voltmeter

Numerous Weston 301 voltmeters,
amnieters in student hases.

milli-

Also
Bound volumes IRE, 1916 to 1928.
Bound volumes Iixperimental Wireless,
1923 to 1928, unbound to 1940.
Wireless Age 1914-—1925 unbound.

Radio Broadcast. bound 1922 to 1929.
Also many tubes of period 1923 to 1930.
Best offer takes all or part.
F§-274, Electronics
330 W. 42nd St.. New York City

OPPORTUNITY WANTED

ELECTRONIC-RADIO-SOUND Engineer de-
sires to represent manufacturers of quality

i
\

HIGH GRADE USED

ELECTRON TUBE MACHINERY

Huge Stock of Every Tupe and Variety

KAHLE ENGINEERING CORPORATION
Specialists in Equipment for the manutacture of

products in Chicago territory. Give full in- Neon Tubes, Radio Tubes, Incandescent Lamps,
formation. RA-272, Electronies, 520 N. Mich- Photo Cells, X-ray Tubes, etc.
igafl Ave., Chicago, IIL 900 DeMott St.. North Bergen, N. J.
FOR SALE DEPENDABLE
Used
Several W. E. 400 Watt ELECTRONIC TUBE EQUIPMENT

Radio Telephone Transmitters
type 9A revised for quick shift to
four frequencies. This is used equip-
ment removed from service during
1940. Price $350.00 each less tubes,
erystals and microphone.

Wire or Write for further information

TRANSCONTINENTAL & WESTERN
AIR, INC.

Kansas City, Mo. U. S. A,

Complete line of used equipment for the manufac-
ture of Radip Tubes, Neon Tubes, Incandescent
Lamps, etc. Write for Bulletin showing 25 t0 5%
smmgs
CALLITE TUNGSTEN CORPORATION
formerly Eisler Electric Corp.
534 39th Street, Union City, N. I

TO HELP YOU

Sell Equipment You No Longer Need
“Searchlight” Advertising
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“RELAYED-FLUX*”
Microdyne

“The Standard by
W hich Others Are
Judged and Valued”

RECENT issue of the maga.

zine, AMERICAN MUSIC
LOVER, says, “the pickups
on the majoritv of commercial

machines represent a sort of mini-
mum acceptability in both cost
and quality, etc.” . True indeed
. . . and that is where thousands
of MICRODYNES go as replace-
ments . improving those ma-
chines Dbeyond comparison

All the more gratifying, because it
| bears .out the contention we have
made for years and which leading
physicists know to be a fact of
science that the MOVING-
i INDUCTOR principle is the only
| one that makes possible HIGH
FIDELITY AND DAY TO DAY
CONSISTENCY.

Models available for every purpose
and with ranges to over 10,000
cycles.

WITH OUR COMPLIMENTS

| | A copy of “PICKUP
FACTS” is yours for the
asking. It answers many
| | of the questions you want
to know on record repro-
duction.

Also write for details on the NEW
AUDAX HIGH FIDELITY CUT.-
TERS.

Pickup List Prices

$12.50 to $156.00
AUDAK COMPANY

500 Fifth Avenue New York City

“Creators of High Grade Electrical
and Acoustical Apparatus Since 1915”
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ACHIEVEMENT

IN A

PRICE TAG!

“They said it couldn’t be done”
. . . but Gates ingenuity and en-
gineering skill have developed the
now famous S251 Transmitter — an
achievement in economy and oper-
ating performance!

FRONT VIEW

e GATES' MODEL S251—100 and 250 Watt
BROADCAST TRANSMITTER

Gates American has provided the answer to
stations whose limited budgets and revenues
made the installation of first class broad-
casting apparatus either impractical or im-
possible. Many stations who have con-
structed composite transmitters—will agree
that the price of the S$251 is lower than the
cost paid for parts alone. Today, the S251
Transmitter has won universal acclaim in
engineering circles for its fine performance
and the fact that it is within the range of
the most restricted budgets. A volume pro-
duction basis plus simplified assembly and
wiring have enabled us not to “meet a
price”’ but to create a high quality “stream-
lined” transmitter to compete with any sta-
tion on the dial.

Interesting is the fact that both network stations
and independent stations are using the S251 Trans-
mitter. It comes complete with tubes, crystal and
oven, self contained speech amplifier and ready for
connection to the 73 ohm transmission line and the
110 or 220 volt power line.

Its frequency response, distortion content, noise
level, engineering design and general construction
and performance throughout is in line with the
most rigid requirements governing present-day
broadcasting and good engineering practice. Avail-
;:t(,;l(e; in 100 or 250 watts, fully approved by the

Get the Important Facts Now!

Write today for the technical bulletin which gives
complete data and details on the Gates American
$251 Transmitter. Consult us without obligation.
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Magnetic Recording Head

A MAGNETIC RECORDING HEAD (No.
44A) is available from Shure Brothers,
(225 West Huron St., Chicago), for use
with home recording equipment. The
unit will operate directly from the
voice-coil winding of an output trans-
former and was designed to give long
service under all climatic conditions.
Stiff moving parts permit recording on
practically all recording materials. The
records can be played back on any
record player. The instrument has an
impedance of 10 ohms at 400 cps and
4 ohms on de¢, and is suitable for output
circuits having an impedance of four
to eight ohms.

Limit Bridge

SHALLCROSS MFG. Co., 10 Jackson Ave.,
Collingdale, Pa., announce No. 623
Limit Bridge which is a Wheatstone
Bridge arranged for rapid production
resistance testing. By means of a plug
and socket arrangement, it provides a
selection of percentages of either 1, 5,
10, 15 or 20 per cent. The instrument
has a self contained variable standard
and ratio arms. The rheostat, or work-
ing standard, consists of 3 decades
totaling 11,100 ohms and the ratio has
three multipliers, one, ten, and one-
hundred. The range of resistance that
may be tested is from 10 ohms to
1,100,000 ohms.

Generator Field Rheostats

OHMITE MFG. Co., CHICAGO, have avail-
able generator field control rheostats
which were designed for smooth, close,
gradual control of welding generators
or for ship, aeroplane and automotive
equipment. By providing practically
continuous variation of resistance, in-

cluding the smallest sizes, the units
effect saving in control-panel space, and
provide control for separately or self-
excited generators. Available in a
series of ten wattage sizes, from 25 to
1000 watts. By connecting the rheo-
stats in tandem, this range can be ex-
tended. Catalog No. 40 contains a
omplete listing of the rheostats.

March 1941 — ELECTRONICS
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RCA-813

BEAM POWER
AMPLIFIER

360 Watts Input With
Less than 1 Watt
Driving Power!

NET PRICE$2200

(Reduced from $28.50,
April 1, 1940)

. ’ !
\ 41N
RCA BROADCAST ; A A
Eﬂllle_INTw T
DS \ 9

From microphone |
fo amtenna \\

NOTE THESE FEATURES

1. Medium Metal Cap 11. Bottom Shield Disc

2. Short Ribbon Plate Connector 12. Ceramic Plate-Suppor! Spacer
3. Filament Support Springs 13. Directive-Type Getter Con-
4. Mount Support tainer "
5. Top Ceramic Mount Support .

6. Top Shield 14. Dish Type Stem )

7. Aligned-Turn Control and 15. Ceramic-Insert Giant Base

Screen Grid 16. Beam-Forming Plate
8. Heavy-Duty Thoriated- 17
Tungsien Filament :
9. Large Sturdy Graphite Plate 18. Tungsten-to-Gloss Seol
10. Haord Glass Bulb withMount- 19. Bottam Ceramic Mount Sup-
Aligning Dame port

Filament Connector

RCA-826...a new

THREE-ELECTRODE TRIODE
FOR THE ULTRA - HIGHS

Operating at maxi-
mum ratings at fre-
quencies as high as
250 Mc and at re-
duced ratings as high as 300 Mc, the
RCA-826 fills a long felt need. It is
specifically designed as an oscillator,
r-f power amplifier, or frequency mul-
tiplier at the ultra-high frequencies.
Internal lead inductance is reduced to
a minimum. All terminals at one end
of bulb make possible the use of
short leads in neutralizing circuits.

Typicol Operation as R-F Power Amplifier
and Oscillator—Class C Telegraphy
D-C plate voltage, 1,000; d-¢ grid voltage, —=70; d-¢
plate current, 125 mo.; d-c grid current, approx, 33
ma.; driving power, approx. 5.8 watts; power out-
put, approx. 86 watts,

RCA-826 TRIODE—Price $19.00

IG-TIME PERFORMER

OF THE BEAM TUBE LINE!

For transmitters requiring excep-
tional overall efficiency—for ultra-
modern intermediate and final stages
that need no neutralizing adjustments,
units that can switch channels in a
flash —for high-power transmitters
with few tuning contrals, requiring
a minimum of driver equipment—
use the RCA-813. It's the largest of
the glass air-cooled “beams”, big-
brother of the famous RCA-807. It
can handle a greater variety of big-
time jobs than any other tube of its
size or class.

As a straight amplifier in class C tele-
graph service RCA-813 takes 360 watts
(CCS) with less than a wartt of drive. As a
final in plate-modulated service, it takes
240 watts with only 1.2 watts of drive.
Moreover, it doubles, triples and quad-

ruples with unusually high efficiency and
high harmonic output. It ¢an be operated

at full rarings up to 30 Mc—at reduced rat-
ings up 10 60 Mc. Power sensitivity of the
RCA-813 is extremely high. Grid-plate
capacitance for the power-handling ability
of the tube is low. Screen current require-
ments are very low. Internal leads are
exceptionally short and provide low lead
inductance

In brief, the RCA-813 gives you real
circuit simplification—real economy—excel-
lent performance in a variety of applica-
tions, And it makes possible efficient and
flexible high-gain stages at a cost com-
parable with that of equipment using
ordinary tube combinations,

Direct Interelectrode Capacitances:

Grid-Plate (with external shielding) 0.2 max uuf
Input 16.3 puf
Output 14 puf

Typical Operation Class *'C" Telegraphy (CCS)

Filament voltage, i0 volis; filament current, 5 a;
d-c plate volts, 2,000; d-c screen volis, 400; d-c
grid volts, -90; d-c plate current, 180 ma.; d-c
screen current, 15 ma.; driving power, 0.5 waltt;
power output, 260 watts.

RCA MANUFACTURING CO., INC., CAMDEN, N. ).+ A Service of The Radio Corporation of America
in Canada: RCA Victor Company, Limited, Mantreal
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