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"Impossible" is a word that is not recognized by engineers. To dam a nighty
river, tunnel under it or suspend a bricge across it-things such as these that once
seemed pure imagination were made possible by instruments dev ed to refine
and extend human faculties, to translate the precision of engineering thought
into action.
Keuffel & Esser Co. is proud to have played so large a part in making such instruments widely available. In this way K & E equipment and materials have been
partners of the engineer and draftsman for 78 years in shaping the modern
world. So universally is this equipment used, it is self-evident than K & E have
played a part in the completion of nearly every engineering project of any
magnitude. Could you wish any surer guidance than this in the selection of your
own "partners it creating"?
Not only for construction and building, but for setting up precision machine
tools and long production lines, in the fabrication of large ships and aircraft,
experienced engineers know that they can
rely utterly on K & E transits and levels.
Coated lenses for increased might transmis-

at i g
a rtn a rs ' n creati

sion,p

precision -ground adjusting screw,

chromium-c.--'ted inner center and draw
tubes, completely enc'osed leveling screws, imi :red achromatic telescopes-all
these typify the advanced design of these instruments.

largest
telephcne systeni

Drafting. Rerrdurtlon.
Sureging Equipment
and Mntnla!,.
Side Rub,,
M,a,ur,ng Topa,.

KEUFFEL & ESSER CO.
C3T.

NEW YCRK
CHICAGO

ST.

LOUIS

-

January, 1947
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ELECTRONICS

I
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all electrical tubing
insulation requisites with this
exclusive varnish ilnpregnant

rde)

DAMAGED!
Illustration shows crocking
of conventional insulating
varnishes

UNAFFECTED !
TUSBOTUF

under

bending

stress

Non -cracking,

withstands

repented 180 twisting and
bending without troce of crocking

non -peeling, non -chipping

knock-out
to usual insulation
A

-

whatever the angle
of bend or twist!

breakdown causes
NEW! TURBOTHERM

Plastic Insulated Wire

Bend it, crease it, twist it-subject it to any turn or bend and
you'll see that something new has
been added to this quality insulation
tubing and sleeving. TURBOTUFan exclusive new development,
constituting a genuine advance in
the art, eliminates the hazard of
cracking insulation, with subsequent
wiring failure or service interruption.

-

Now when you

specify

TURBOTUF, you get these additional TURBOTUF advantages:
Specialized in Gouge Nos. 18 to 30
stranded and solid conductor con.
struction.

increased, stabilized dielectric

strength; higher temperature resistance; decreased moisture -absorption
factor; unaffected by proximity to
soldering heat; etc.
TURBO products include Flexible Varnished Tubing, Thermoplastic Insulated Wire known as
Turbotherm, Extruded tubing. Saturated Sleeving, Fibrous Glass Tubing, Varnished Tapes and Cambrics,
Mica and Mica Products. Write for
free Specimen Board today.

WILLIAM BRAND
276 FOURTH AVE., NEW YORK 10, N. Y.

REMEMBER .. IF IT'S

..IT

& COMPANY

325 W. HURON ST., CHICAGO 10, ILL.

SAFEGUARDS!
January, 1947-ELECTRONICS
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...still another pioneering

step in

FM by

West-era Electric
:Ay

you'll
like it:

You'll like the full-length
glass doors, which provide
an unobstructed view of all
tubes at all times.
You'll like the striking
modern appearance-and the
attractive station call letters.
You'll like the big, easy -toread meters and the ease of
access to components.
Most of all you'll like the low
intermodulation, the low
harmonic distortion and other
features that put this new
line of FM transmitters as
far out in front in
performance as in appearance!

This is the 3 kw FM transmitter. The

full line will consist of 250 watt,

1,

3, 10, 25 and 50 kw units.

QUALITY COUNTS
ELECTRONICS

-

Since the very beginning of broadcasting, Western Electric has been
noted for pioneering new ideas in transmitter design, which have later
become standard practice in the industry.
Stabilized Feedback-the High Efficiency Amplifier (,rcuit-mounting
all electrical components on a central vertical structure, achieving maximum accessibility-Synchronized Frequency Modulation are typical Bell
Laboratories -Western Electric contributions.
And today Western Electric's TRANSVIEW design FM line sets the
pace for tomorrow! For technical information, talk to your local Graybar
Broadcast Representative or write to Graybar Electric Company, 420
Lexington Avenue, New York 17, N. Y.

January, 1947
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SPECIAL WARTIME DEVELOPMENT

AVAILABLE FOR PUBLIC
TYPE P6

NOW

USE

.

.

.

DUMONT PAPER CAPACITORS

1

DUMONt
DURA EALED
CAP,.05 WV 600

AC -DC CONTINUOUS
AT HIGH TEMPERATURES

BAKELITE
RESINOID
SEALED
CANNOT MELT

BAKELIZED

PAT. PEND.

TUBES

* Dumont engineers scored

in the

great-

est single achievement in paper tubular

capacitors

...

meeting the most exact-

ing requirements. This type P6 has the
ends sealed

in

BAKELITE RESINOID.

Leads cannot PULL OUT or MELT OUT.

*
*
*
*
*

Bakelite treated tubes sealed in vacuum.

HEAT PROOF

MOISTURE PROOF
LONGER LIFE

VACUUM SEALED
SOLVES SPACE

PROBLEMS

DUMONT ELECTRIC CORP.
MFR'S OF CAPACITORS FOR EVERY REQUIREMENT

34 HUBERT STREET
NEW YORK, N. Y.
January, 1947
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mPE;E
ONE

SOURCEALL TYPES

it a special development for new equipment? Or a "standard" tube for replacements? A quarter century of creative
research, precision manufacture and helpful service has given
Is

Amperex a unique position in the power tube field. This
means a backlog of experience and forward -looking viewpoint which naturally translate themselves into tube performno obligation.
ance, reliability and economy. Consult us

-

Write for: Catalog; Technical Rating and Data Sheets

ilinpERER

ELECTRONIC [ORPORATIOD

25 WASHINGTON STREET, BROOKLYN
jrt Canada and Newfoundland: Rogen Majestic limited, 62?

ELECTRONICS

-

January, 1947
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1,

N. Y., CABLES: "ARLAB"

it..,

Street West, Toronto

26, Canada

tJ

Rr11PEpEX

up

BACKED BY

YEARS OF

N

6

(44

2(ützefk2e
had a VK on phone, driving the S -meter
completely off scale."
Another says, "Finest receiver on the market." Thus run the
comments on the HO -129-X. And why shouldn't theythirty-six years of craftsmanship and research engineering
back up every Hammarlund product.
"This morning

I

',

the HO .129 X
at your dealer's

THE HAMMARLUND MFG. CO., INC.,

460

W. 34TH ST., NEW YORK 1, N.Y.

GM

r-

\ /
ESTIIIIIUSNED

MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT
January, 1947

$

www.americanradiohistory.com

-

1910

ELECTRONICS

Some examples of what can be done
with Whistler Adjustable Dies. Work
in practically any type press.

Re -use same

WHISTL
ADJUSTABLE DIES

in unlimited

combinations
To Pierce Holes

of any

diameter from

Y32"

To

up.

Perforate Special

Shapes.
To

Notch Corners.

Save production time and reduce prodtct costs
by having Whistler punch and die units in your

tool room.

Whistler notching dies, group dies
and standard units are especially
adaptable to combined use in the
same set-up. Continued re-use in a
' variety of arrangements quickly
writes off original investment. Reason enough for their expanding popularity with hundreds of America's
best known manufacturers.
Now available from stock in a range
of diameters up to 3", shipment can
be made the same day your order is
WRITE FOR YOUR WHISTLER

received.. Special sizes, shapes, notch-

ing and group dies are made to
order in a few days.

Yon get production economy plus
precision perforating in practically
any press with these Whistler dies.
Set-ups are easy and fast. No special

tools required. Heavy duty series
eas:iy pierces 1/4" steel. All parts interchangeable. Tolerances maintained
to .0002". There are many other advantages. Get in touch with Whistler.

duction advantages of

S. B. WHISTLER

it

Whistler Adjustable Dies.

752-756 MILITARY ROAD

BUFFALO 17, NEW YORK

CATALOGS.

Know the pro-

ELECTRONICS-January, 1947

SONS, INc.
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RESISTORS

You have seen resistor pictures before. Lots of them! Maybe
you have even raised your eyebrows over diverse claims as
to hair-splitting points of difference about satiStor quality.
All we have to say is this:
Stackpole has long since proved its ability to make resistors to exceptionally high quality standards.
We don't claim any unsurpassed abilities or facilities for
doing the impossible. We do claim to be fully capable of

-

and to have the type of ormeeting your resistor needs
ganization with which it is a pleasure to deal.
If you use reasonable quantities of fixed resistors up to
watt or variable resistors to almost any specification, Stack pole will welcome the opportunity to cooperate.
1

--

-

Stackpole Fixed and Variable Resistors
Ask for Catalog RC -6
Line
Standard, High -Frequency, Sleeve and Screw Type Iron Cores
Slide and Rotary Action Switches.

STACKPOLE CARBON COMPANY, St. Marys, Pa.

FIXED and VARIABLE RESISTORS -IRON CORES -SWITCHES
January, 1947
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9en a«

Seta (azy.("«

DEPENDABILITY
ALL OPERATING CONDITIONS

FITTED TO THE

APPLICATIONS WHERE
COMPONENT DEPENDABILITY

UNDER

IS ESSENTIAL TO

COSTLY MAINTENANCE
LOSS OF LIFE
DISRUPTION OF A

VITAL SERVICE

C

t

s
bosF`a°\s

iooL

d

`skpe iR,¿ssSogcl`0
o0a`assedb``

RADIO AND TELEVISION BROADCASTING
FIXED, MOBILE, & SATELLITE EQUIPMENT

MILITARY, POLICE, AND

RAILROAD

COMMUNICATIONS

,,,..,--

`

ELECTRONIC NAVIGATIONAL AIDS
FOR SHIPS

AND AIRLINES

rr--

Sewed

AGAINST ATMOSPHERIC MOISTURE AND INDUSTRIAL FUMES

,

INDUSTRIAL CONTROLS

THUS

Sealed

AGAINST CORROSION OF COPPER COIL WINDINGS

STAY

Sealed

IN EXTREMES OF

HEAT AND

COLD!

* In these and many other transformer appli
cations, economy, an well as efficiency, is best
served by Chicago Transformer's Sealed in Steel
construction.
Let its assurance of longlasting transformer re
liability help make your electronic product free

of component replacements and expensive servic
ing regardless of adverse operating conditions.

CHICAGO

18, ILLINOIS
fI

ELECTRONICS -January, 1947
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To avoid damage

from Oxidation...

protect with NITROGEN
LINDE has offices in

Principal Cities
LINDE Nitrogen provides an ideal means of protection
against oxidation and corrosion by air. For packaging
dehydrated foods; for deaerating, processing, storing
and packaging fats and oils of all kinds; or for providing an inert atmosphere, free of impurities, for the
complete protection of practically any material susceptible to oxidation, use LINDE Nitrogen.

LINDE Nitrogen is 99.7% pure, but is also available
bone dry and at higher purity for special applications. It is supplied as a compressed gas in cylinders
containing 224 cu. ft. each, or in bulk in tank -truck
and tank -car lots as a liquid which is converted into
gaseous nitrogen as required. LINDE Nitrogen in bulk
offers remarkable savings in cost and eliminates cylinder handling.

THE LINDE AIR PRODUCTS COMPANY
of Union Carbide and Carbon Corporation

30 E. 42nd St., New York 17, N.Y.

XENON

Southern States
Atlanta, Ga.
Birmingham, Ala.
Jacksonville, Fla.
Memphis, Tenn.

Southwestern States
Dallas, Texas
Denver, Colo.
Houston, Texas
Kansas City, Mo.
Tulsa, Okla.
Western States
Butte, Mont.
El Paso, Texas

HYDROGEN

NITROGEN

OXYGEN

HELIUM

KRYPTON

NEON

-

Chicago, Ill.
Cincinnati, Ohio
Cleveland, Ohio
Detroit, Mich.
Indianapolis, Ind.
Milwaukee, Wis.
Minneapolis, Minn.
St. Louis, Mo.

Offices in Other Principal Cities

The words "Linde" and "Prest-O-Lite- are registered trade -marks.

ARGON

Central States

New Orleans, La.

Write or call the Linde office nearest you.

Unit

Eastern States
Baltimore, Md.
Boston, Mass.
Buffalo, N. Y.
Charleston, W. Va.
New York, N. Y.
Philadelphia, Pa.
Pittsburgh, Pa.

JJ&it-O4t.e

ACETYLENE

Los Angeles, Calif.
Phoenix, Ariz.
Portland, Ore.

Salt Lake City, Utah
San Francisco, Calif.
Seattle, Wash.
Spokane, Wash.

January, 1947
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PAY fliff6!(!CAiY
Orders Federal's FTR-3 Transmitter
for "Ground -to -Clipper" Communication

.J

t,

Federal's Multi -Unit Equipment
Offers Many New Advantages
AIRWAYS-another famous user of Federal's
ground -station radio transmitters-picks the FTR-3 for dependable
flight contact with its huge modern "Clippers".
PAN AMERICAN WORLD

DATA

Frequency Ranee

-2

to 20 Mc or 250 to 750Kc.
Paver Output
Nominal rating, 3 Kw (2 to
20 Mc). Nominal rating, 2.5 Kw (250 to 750 Kc),
Types of Emission
Telephone and Telegraph.
Frequency Control
Low temperature-coefficient
crystals for all operating frequencies.
Frequency Response
300 to 4000 cycles, plus or
minas 3 db.
Distortion
Less than 10% at 95% modulation.
Remote Control Transmitter on -off, channel selecticn, push-to -talk, and keying may be performed
by remote control.

-

-

-

-

An FTR-3 multi -unit transmitter offers unique features for greater
flexibility, simplified maintenance, easy accessibility and added
safety. The complete transmitter consists of three basic sectionsthe RF unit, modulator unit and power supply unit. These separate
units may be seleted and combined in a single transmitter, to
provide the operating characteristics needed for any job.

Each unit is mounted on rollers and can easily be drawn out for
inspection or adjustment. Access to the back of the transmitter
is therefore unnecessary, greatly reducing space requirements,
Complete electrical and mechanical interlocks, as well as overload
and overtemperature relays, give extra protection to both the
equipment and the operating personnel. For complete information
write today for Bulletin A-313.

Federal Telephone and Radio ('orporaMon
In Canada t-Federal Electric Manutacturino Company, Ltd., Montreal.
Export Distributors:-Ilnternational Standard Electric Grp. 67 Croad St., N.T.C.

ELECTRONICS

-January,

1947

Newark

1,

New Jersey
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QUALITY
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PERSONAL

...Television Receivers
...Broadcast
Personal

RECEIVERS

BROADCAST

4

S

a?;

,;SERIES 55A4 MINIATURE MOLDED

,.

SERIES 60 MOLDED OCTAL

RECEIVERS

TELEVISION
ONE PIECE SOCKETS

DUO -DECAL
DIHEPTAL

MAGNAL

. and for general purposes, the Series 39 Socket, with patented
bow spring action contacts (with or without a soldering tab to
eliminate wiring to ground) is the favorite of all time.
Automatically machine made, tens of thousands are being delivered
to the radio industry to enable peak production of standard
receivers. The millions in use give testimony to its being the favorite
socket of pre and post war receivers.

1.

ELECTRONIC
COMPONENTS

A.UL FILItNKLI
In

SOCKETS

TERMINAL STRIPS

MANUFACTURING CORP.
43-20 34th St..

Californla4 A..ML.F11A`MKLIC1.MfACorp. of.Ce1.1F,QßWIem2216

PLUGS

SWITCHES

PLASTIC FABRICATION

Wp

Long Island

City 1. N.

111h Sf;LOS Angeles b, Calif.

METAL STAMPINGS
January, 1947
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IJUSTOIBU1LT 10111E HOST
are cut to extremely close tolerances. Each specification,
however exacting, is executed and inspected with a degree of precision seldom
equalled in small gear manufacture. Here, every facility has been provided for
speedy, uniform quantity production: I. SciLed engineers and designers; 2. Moderr
'methods and machinery; 3. Trained op razors; 4. Intensive ser:es of :nspections.
5. All operations under the constant supe-ris_on of specialists-men long experiences
in producing Fractional Horsepower Gears exclus_vely. That's why G. S. Gears per
form so smoothly and dependably for rears, and that's why each G. S. Gear measures
up to the same, exacting specifications. I= Small Gea:s. from 12 tó 96 d.p., are an
important cor_sideration in YOUR plates. for your own best interests, let our organization of specalists tackle the job! Consult with our engineers, or write today for
a copy of the new G. S. catalog bulletin_

IT

S SMALL GEARS

SEND

FOR

OUR

Spurs

P1;G

4

Spites

Iielicttls

E

CATALOG

- IeveEs

Internals

2635 WEST MEDILL AVENUE
WORLD'S
ELECTRONICS

-

LARGEST EXCLIiIYE

MANUFACTURERS

January, 1947

¢-----!

Worm Gearing

Rocks

Thread

Griming

CHICAGO 47, ILLINOIS

9f FRAC1IOpAL

HORSEPOIkER DEARS
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IMPROVED PERFORMANCE

CUT COSTS

62T

Photographs courtesy JAMES R. KEARNEY CORP., St. Louis, Mo.

T HE designing engineer who specifies ceramics knows
exactly what is required, but the special knowledge and
experience of the ceramic engineer frequently enables
him to make design suggestions for low production cost.
Maximum efficiency and maximum production at lowest cost result when the designing engineer and the production engineer work together. The illustrations above
show the results of such collaboration. The original and
the final designs are shown in three perspectives.
Redesign of this part cut costs 62%. Maximum deliveries in minimum time were made possible. In addition, the customer said: "Your suggestions on redesign

A

LSIMRG

greatly strengthened this component, reduced its size
and weight, and increased its utility."
American Lava Corporation engineers will gladly cooperate with you in developing your ideal design in
AlSiMag custom made.technical ceramics. In their 44th
year of practical experience they offer production
facilities and techniques that can be most valuable to
any user of custom made ceramics.
NEW PROPERTY CHART-Anew property chart giving
the physical, electrical and mechanical properties of the
more frequently used AlSiMag technical ceramic compositions wiiiI be mailed without charge on your request.

AMERICAN LAVA CORPORATION
CHATTANOOGA
44TH YEAR

OF

5,

TENNESSEE

CERAMIC LEADERSHIP

ENGINEERING SERVICE OFFICES:
NEWARK, N. J., 671 Broad Street, Tel: Mitchell 2-8159
Washington Ave., Tel: Garfield 4959
CHICAGO, 9 S. Clinton St., Tel, Central 1721
CAMBRIDGE, Mass., 38B Brattle St., Tel: Kirkland 4498
LOS
ANGELES, 324 N. San Pedro St., Tel: Mutual 9076
2464
SAN FRANCISCO, 163 Second St., Tel: Douglas
ST. LOUIS, Mo., 1123
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2 NEW

'emen

Extended Range High -Fidelity

PM SPEAKERS
These two Jensen speakers

with

A!N/c0 5

PM ces.igr,

provide excellent high-fidelity performance. Excellent as
replacement and mocer»-

fir

izing units

Ind

television -eceivers, radio phonograph combinations
for studio monito-ing, wir?d
music, and for similar appicatio-is. Insta led in Jensen
Bass Reflex* cabinets, the}
provide exceptionally high -

eeeltS a

d

FM

ensen

quality reproduction with
added octaves of bass re-

SPEAKER

SPEAKER
Model P12 -SH (Superseding
PM 12-C7i. A new 12 inch Ugh
fidelity AN/CO3 PM speaker. Designed for use with Jensen Model
A-121 os Model D-121 Bass Re -

ile: cabinets. Maximum power
handling capacity in speech and
music systems, 8 watts. Voice
coi: impedance, 6.8 ohms.
Standard Fidelity Model P12 -S;
Voue coil impedance 6-8 ohms.
Power handling capacity in speech
and music systems. 10 watts.

sponse.

Model P8 -SH (Superseding
PM8-CT). A high-fidelity 8 -inch
4,a/C05 PM speaker. Recom-

mended for use with Jensen
1).:odel A 81 Bass Reflex cabinet.
Maximum power handling capacity in speech and music systems, 6 watts.
. Voice coil
,impedance, 6-8 ohms.

-

(rede

Mr rk Reg horn

{

Standard Fidelity Model P8 -S.
1-oice co.l impedance, 3-4 ohms.
h'aximun-_ power handling capacity in speech and music systems,
8 watts.

engen
sPEAKER

S

WITH
=or

Model A-tt1-Model P8 -Si speaker

M,det.A-121 -.
for
AVVIC°
and eftfantefrciteielä (/r fit Jkvrfa tie egadd t)te
Model P12 -:H specke

edit nera

JENSEN MANUFACTURING CO.,

6602

S.

LARAMIE AVE., CHICAGO 38, U. S. A,

In Canada: Copper Wire Products, Lid,

ELECTRONICS-January,

d

11

King St., W., Toronto, Omi.

1947
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A POTTER ELECTRONIC COUNTER FOR EVERY

timing
control
counting
sorting
totalizing

NEED

COUNTERS AND SCALERS

For straight high-speed counting and frequency
dividing i.e. radiation counting -machine operations
DUAL PREDETERMINED COUNTERS

For controlling two sequential operations at
high rates i.e. zipper manufacture

CHECK THESE IMPORTANT FEATURES!

SINGLE PREDETERMINED COUNTERS

For high speed counting and grouping of
items for processing or packaging i.e. packaging of pills, buttons, hardware, etc.

Speed and Accuracy
Will count at rates up to a million per second with

t

absolute accuracy.

Versatility
Can be used for measurement and control of discrete quantities, length, area, time, velocity and
frequency. Can also be used to totalize counts from
several sources occurring simultaneously and at
random.

Flexibility

t

Photoelectric Screen
for gating interval
timer in projectile velocity measurements.

Readily substituted for slower inaccurate mechanical
controls-adaptable to all types of input actuations.
-Selection of any predetermined count made simply
by dial switches. Easy to install and operate.

Reliability
Sturdy construction using simple straight forward
reliable circuits and high quality components. Assures maximum trouble free continuous operation.
No moving parts to' wear out -

-

you have a specific application problem or
wish additional information on Potter Electronic Counter Circuity, write Potter Instrument
Company, Dept. 6A.
If

POTTER

INSTRUMENT COMPANY

INTERVAL TIMERS

For méasuring ox predetermining intervals
with micro -second accuracy i.e. projectile
velocities -accurate time base generator.

136.56

ROOSEVELT AVENUE

FLUSHING, N.

Y.

January, 1947
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This Modern Mirac

Clock ke..,f
/!

with

DRIVER -HARRIS

NILVAR

GRANDFATHER'S CLOCKMAKER didn't
worry about the effect of temperature on the
minute lost
length and arc of a clock's pendulum
and today
or gained didn't matter. Today it does
we have the alloy Nilvar.

-a

-

Nilvar is a remarkable alloy which has identical
microscopic length at widely varying temperatures.
For that reason, Barr Manufacturing Corporation
selected it for the pendulum of its new "miracle"
Executive Clock which depends for its accurate operation upon the unvarying characteristics of the pendulurrt arc
at any temperature.

-

This unusual clock provides synchronous motor
accuracy, yet operates from a selfcontained power supply. In operation,
as the pendulum momentum gradually lessens, its arc decreases until,

at a pre -determined point a tiny weight is released
which imparts fresh momentum to the pendulum.
Thereupon the weight is instartly retrieved by a
small -battery -energized electro magnet, in preparation for another cycle. No alloy but Nilvar could
permit such critical pendulum arc control for Nilvar
has the lowest T. C. of expansion of any alloy
yet developed
even lower than that of quartz.

-

Somewhere in your engineering zr production
operations
or in the operation of your product
the critical dimensional stability of Nilvar may help
to solve a problem of long standing. Why not call on
Driver- Harris engineers for their recommendations.

-

-

Driver-Harris
COMPANY

4,
The B. GREENING WIRE COMPANY, LTD.

Hamilton, Ontario, Canada
BRANCHES:

Chicago

Detroit

praos[ Alec'
*Trade Mark
Reg. U.S. Pot. Off.

Cleveland

ExcILsive Manufactueeis of NicErame

HARRISON, N. J.
Los Angeles

San Francisco

e

Seattle

Mounted in a 19 -in. relay rack as illustrated

above, two Eimac 3X2500A3 triodes are regularly
pushing more than 10 kw of useful output power into
a water-cooled load in the Eimac testing department.
As measured, 12,500 watts is being delivered at 110
mc. The tubes are operating class C in a grounded grid circuit, which requires no neutralizing and gives
an apparent overall efficiency of 90 per cent. Circuit
losses are reduced to a minimum by the use of low
plate voltage. The 3X2500A3's deliver 12.5 kw at
only 3500 plate volts.
So compact are the 3X2500A3 triodes (see inset
closeup) that the entire final amplifier and driver can
be housed in the equivalent space of two five-foot
racks. The driver section, as shown at the right, provides 3 kw of driving power with four of Eimac's new
4X500A tetrodes in a push-pull parallel circuit. The
low plate -voltage requirements of the 3X2500A3 also
permit use of a common power supply for driver
and amplifier.
20

Experimental 14/ kw 110 mc amplifier, aboie,
and detail of Eimac 3X4500A3 triodes in final sage.
Combination plate lines and air ducts simplify coc li ig.

Simple compact transmitter design is now
made possible in the higher power brackets of
the new f -m band. The Eimac 3X2500A3 offers
a number of design advantages such as low
driving power, low plate voltage, functional
electrode terminations, and tool -less installation
and removal. Write for full particulars.
EITEL-McCULLOUGH, INC.,1363E San Mateo Ave., San Bruno, Calif.
E

aportAgenes: Frozor and Hansen, 301 Cloy Street, San Francisco

January, 1947

-

11,

Callil., U.S.A.

ELECTRONICS

pair to produce
121/2 kw of useful power output at 110
mc, the Eimac 3X2500A3 fills the bill for:
Besides the

ability of

a

INDUSTRIAL HEATING ... High power output at low
plate voltage combines process speed and efficiency with
safety to personnel. Low voltage is an additional advantage in tough industrial surroundings involving dust, dirt

and moisture.
AUDIO AMPLIFICATION ... Low plate resistance of the
Eimac 3X2500A3 gives it excellent qualifications for use
as a class -B modulator tube.

...Low voltage and high power with
small driving power requirements combine to make an
efficient and economical tube for application to lowfrequency work as well as operation in the vhf region.
This makes it just the tube for high -power applications in
the supersonic frequencies.

SUPERSONICS

EIMAC

3X2500A3
TRIODE

Outstanding features of the Eimac 3X2500A3 triode include:
FI

LAMENT

... Thoriated tungsten for high electron emis-

sion at low temperature and long useful life.

GRID... One hundred per cent useful grid area, with no
interfering support structure. Grid wires specially
treated by exclusive Eimac process exhibit suppressed
primary emission for precise control and stability and controlled secondary emission for low driving requirements.

...

External type with vertical-finned cooler of a
ANODE
size which facilitates combination of plate lines and air
ducts, at the same time providing ample cooling without
the need for either high air pressures or inconveniently
large volumes of air. Sufficient cooling of the entire tube
can be conveniently performed with only one blower. Low
plate voltage gives high circuit efficiency, reduces power
supply costs, minimizes operating failures by arc -over, and
increases safety.

THE COUNTERSIGN OF DEPENDABILITY

IN AN

LECTRONIC EQUIPMENT

EITEL-McCULLOUGH,

NC.

1363E San Mateo Ave., San Bruno, California
Export Agents: Frazer and Hansen, 301 Clay St., San Francisco 11, California. U.

ELEÇTRONICS-January,

S. A.

... Heavy

cylindrical leads have low inductance
and high current capacity. They make shielding easy and
work well with coaxial lines. Tubes can be inserted and
removed without tools.
LEADS

INFORMATION...Write for complete
application data on the Eimac 3X2500A3 triode.
GET FULL

21
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REVERE. FREE -CUTTING COPPER ROD
...INCREASES ELECTRONIC PRODUCTION
its recent introduction, Revere FreeCutting Copper has decisively proved
its great value for the precision manufacture
of copper parts. Uses include certain tube
elements requiring both great dimensional
precision, and exceptional finish. It is also
being used for switch gear, high -capacity
plug connectors and in similar applications
requiring copper to be machined with great
accuracy and smoothness. This copper may
also be cold -upset to a considerable deformation, and may be hot forged.
Revere Free -Cutting Copper is oxygen free, high conductivity, and contains a small
amount of tellurium, which, plus special
processing in the Revere mills, greatly increases machining speeds, makes possible
SINCE

:)

/// to Exploring the Unknown on the

L/Sfen

closer tolerances and much smoother finish.
Thus production is increased, costs are cut,
rejects lessened. The material's one important limitation is that it does not make a
vacuum-tight seal with glass. In all other
electronic applications this special-quality
material offers great advantages. Write
Revere for details.

REMERE

COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York
Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Micb.; New
Bedford, Mass.; Rome, N. Y.-Sales Offices in Principal Cities,
Distributors Everywhere.

Mutual Network every Sunday evening, 9 to 9:30p. m., EST.

CUSTOMERS REPORT:
"This material seems to machine much better than our pre, ions hard copper bar; it cuts off smoothly, takes
very
nice thread, and does not clog the die." (Electrical aparts.)
"Increased feed from 1-1/2" to 6" per minute and do
five at one time instead of two." (Switch parts.)
"Spindle speed increased from 924 to 1161 RPM and
feed from .0065" to .0105" per spindle revolution. This
resulted in a decrease in the time required to produce the
part from .0063 hours to .0036 hours. Material was
of faster machine speeds but machine was turning capable
over at
its maximum. Chips cleared tools freely, operator did
not
have to remove by hand." (Disconnect studs.)

22
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change ,pitch and _direction almost

instantaneously with the improved
Presto .8-D Recorder

The Improved Presto 8-D Recorder is equipped with a reversing
device for the feed screw. Result: Six feed pitches, inside -out and
outside-in, using only one feed screw. This feed screw need never,
be removed from the recorder. Thus, changes in pitch and direction,
are accomplished within a matter of seconds.
The Presto 8-D Recorder is the easiest and most convenient
machine to operate because of the arrangement of its controls and
the cantilever overhead which saves lost motion in operation. Its
unusually heavy construction assures high fidelity masters and

instantaneous recordings.

specifications of
For f
the Presto 8-D please write
Presto Recording Corporation,
242 West 55th Street,
New York 19,1. Y.
To insure future delivery
within a reasonable time, we
suggest you place your order
now for immedrate listing.

4

RECORDING CORPORATION
242 West 55th Street, New York 19, N. Y.
Walter P. Downs, Ltd., in Canada

Recording Equipment
World's Largest .Manufacturer of Instantaneous Sound
ELECTRONICS

-
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Where heater cord is used and
the temperatures on the braid

within the appliance exceed 90°

C,

supplementary insulation is
required over the braid.
Underwriters' Laboratories,

Inc.

Here is the time -and -

labor consuming method

of hand -wrapping an

electric heater cord with
thread to provide the
supplementary insulation
required by Underwriters'
Laboratories, Inc.

Here is an electric heater
cord with "pants" of BH

Non -Fraying Fiberglas

Sleeving, easily slipped
over the leads and covered
by a larger BH Fiberglas
Sleeving. Saves minutes
in the insulation of each
cord. Approved by Underwriters' Laboratories, Inc.

24

BH Non-Fraying Fiberglas Sleeving
can be spread so that it fits with
ease over the leads and the heater
cord itself without any danger of
unravelling or fraying. A snug fit
is obtained by pulling the ends of
the sleeving.
January, 1947
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"Pants" that go on
in Seconds -not Minutes
for Built-in Heater Cord
Don't be satisfied with slow hand -wrapping
methods to provide the supplementary insulation required by the Underwriters' for built-in
heater cord.

in BH Fiberglas Sleeving-it stays flexible as
string, will not split or crack when bent. Recent
assembly tests have shown savings of three minutes
in the insulation of a single heater cord.

Get out your stop watch and discover the time
and labor savings possible with BH Non -Fraying
Fiberglas Sleeving. With "pants" of BH Non Fraying Fiberglas Sleeving, there are no threads
to break or unravel. No possibility of a partly uncovered braid. No training period necessary for
workmen.

BH Non -Fraying Fiberglas Sleeving is made
in all standard sizes and colors, in standard 36"
lengths and 500' coils, or it may be supplied in
short lengths to meet specific requirements.

This is all you do: Fit one BH Fiberglas Sleeving snugly over each asbestos -covered lead. Fit a
larger BH Fiberglas Sleeving snugly over th
braid. There is no hardening varnish

Test BH Fiberglas Sleeving in your own plant,
in your own product-under actual service conditions. Learn why America's leading appliance manu acturers use BH Fiberglas Sleeving for the supentary insulation on built-in heater cord.
TLEY, HARRIS MFG.

O., CONSHOHOCKEN, PA.

BH

SL EV

GS

*BH Non -Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat. No. 2393530). "Fiberglas"

Bentley, Harris Mfg. Co., Dept. E-6, Conshohocken, Pa.
I am interested in BH

_

for

(size)

(product)
operating at temperatures of
at
volts. Send samples so I can see for myself how
BH Non -Fraying Fiberglas Sleeving stays flexible as string, will not crack or split when bent.
NAME

COMPANY

ADDRESS
ELECTRONICS

-

Reg. TM of Owens-Corning Fiberglas Corp.

Send samples and prices on other BH

Non -Fraying Fiberglas Sleeving

_°F

is

USE COUPON NOW

January, 1947

Products as follows:

D Magneto Varnished Tubing Grade "A"
D Flexible Varnished Tubing Grade "B"

D Saturated Sleeving Grade

C-1

Saturated Sleeving Grade C-2
D Saturated Sleeving Grade C-3
25

www.americanradiohistory.com

UNIMAX is a compact, snap-action
electric switch embodying unique advantages that extend the utility of millibreak
switches.

UNIMAX was designed to meet a recognized need for a switch with uniform
performance characteristics and maximum adaptability to present and future applications.
Mathematically calculated to provide the consistent uniformity of force and movement characteristics essential
in mass production of precision apparatus, UNIMAX has
been proved-over long periods and with thousands of
test specimens-to confirm the mathematical predictions.

UNIMAX uniformity of mechanical characteristics simplifies production of precision apparatus by making possible
the installation of switches without need for individual adjustment of associated apparatus. Run -of-lot switches are interchangeably usable both among units in any shipment or from
several different shipments.
THESE DESIGN FEATURES

are planned for superior performance.

One-piece moving member of heat -treated beryllium
copper; tongue ribbed for maximum stability

Folded flat spring exerts high contact pressure and produces instant traverse

Non -rotatable button assures application of actuating
force to same spot on tongue throughout life of switch

Molded phenolic case permanently sealed together in
assembly

Contacts of pure silver laminated on copper; moving contact has low mass for minimum contact bounce

One mounting hole elongated for convenience in production assemblies

Electrical ratings: 15 amp. 125 volts; 5 amp. 250 volts;
li P, 115460 volts 60 cycles; all units S. P. D. T.

January, 1947
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UNIMAX is new in name and in the advantages it
provides, but it is not an untried product. It is a
tested, original design of an old, established manufacturer. Designed to meet a need not satisfied by
existing switches, UNIMAX is backed by an engin -

eering organization with a reputation for reliability,
resourcefulness, and broad experience. The capabilities of these mechanical, electrical, metallurgical,
and chemical engineers are available for engineering
all UNIMAX applications.
Maximum adaptability to diverse applications ._ obtainable, with minimum stocks, by virtue of removable, interchangeable, auxiliary actuators. This unique UNIMAX feature cuts
inventories by allowing the basic switch to be adapted to varied
uses by auxiliaries added in factory assembly or to be stocked
separately. Further simplification of inventory results from the
fact that every UNIMAX Precision Switch can be used for any
of the three standard single -pole circuits.
UNIMAX SEPARABLE AUXILIARIES
EXCEL BECAUSE
1.

actuator-leaf or plunger type- is secured to a stainless steel mounting plate so that maximum strength is
Each

obtained.

tightly in the molded recess in
the top of the switch case thus strengthening the assembly.

2. The actuator assembly fits

actuators are applicable to all switches and can be
removed, re -installed, or interchanged without disassembling
the switch or altering its operating characteristics.

3. All

4. The unique UNIMAX design affords flexibility of assembly
and maintains the uniform accuracy of the basic switch for

any type actuator.

New UNIMAX data will be issued for engineers interested
in design and construction of apparatus requiring precision
switches. Use the coupon to place your name on file for receipt
of these data as released.

n
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TERMINAL BOARDS
ACCURATE TIME AND CURRENT CONTROL

At dead welde

4

To cut welding time on small -part fabrication, such
as welding solid or stranded conductors to terminals,
welding electronic tube elements, or other small
parts, look into the possibilities of the Thyratron controlled bench -or -tong, low -capacity spot welder.
These alert, accurate controls, with a suitable
transformer, have recorded a two -to -one advantage
over soldering and rivet fabrication. Because of
Thyratron welding controls' accuracy and split -cycle
response, rejects drop to a new low. They are designed for either 230v or 460v, 60 -cycle operation,
and are rated 77 amperes peak on a duty cycle not
exceeding 10 per cent. Equipment for 50 -cycle operation is also available. Write for Bulletin CEA -4175A.

et,

eatw

There's less motion and more wiring speed when
terminal boards are G -E Type EB-2. Strip the wire end, insert it in the connector, tighten a screw, and
the connection is made. Each of these solderless,
pressure connectors will accommodate one No. 8
stranded conductor, two No. 12 stranded conductors, or three No. 12 solid conductors, all AWG.
Type EB-1 differs from EB-2 only in its terminals,
which are the conventional washerheaded screw
type. Both boards are molded from strong, long-lasting Textolite, both are available in 4-, 6-, 8-, and
12-pole sizes, and are equipped with marking strips.
Covers are optional. Write for Bulletin GEA -1497A.

7a4í r=ood-ufd teat 4t4 'tat
wad FLAMENOL WIRE

Flamenol hook-up
wire's tough, plastic-

ONE AND A HALF INCHES

ized -polyvinyl-chloride
insulation strips clean,
bends without cracking,
and is available in seven
different colors. Normally, it needs no bulky
armor -braid for protection. As a result, Flamenol speeds up wiring

o úc4ituinCKt 4CC(44C(
General Electric's 1% -inch panel
instruments include direct -cur-

rent, radio -frequency, and
audio-frequency types, in both
conventional and watertight construction. All feature the compact, internal -pivot element and Textolite cases; will
withstand 50 G's shock, and are accurate to within
±2 per cent. The conventional, direct -current instrument is supplied self-contained for current measurements from 100 microamperes to 10 amperes and for
voltage measurements up to 150 volts. For other requirements, combinations of instruments and accessories can be had. Write for Bulletin GE A-4380.

operations on electronic apparatus, where voltages
do not exceed 600. Flame -resistant, corrosion -resistant, non -oxidizing, and unaffected by most hydrocarbon solvents, mild acids and alkalies, Flamenol
rarely needs either attention or replacing. Its glossy
finish looks new, and stays that way. Write for Bulletin CEA -4352.

ELECTRIC
January, 1947
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TIMELY HIGHLIGHTS
ON G -E COMPONENTS

NEW D -C PYRANO.* CAPACITORS
dee.4,
wad

ttl, ewe,

New materials, new manufacturing techniques and
strict quality control, which were so important in
the excellent records d -c Pyranol capacitors made
during the war, are now incorporated into a new
line of d -c Pyranol capacitors built to meet exacting
commercial requirements.
This new line of d -c Pyranol capacitors has a
broader range of sizes, ratings, and mounting arrangements, with characteristics that allow operation
through the temperature range from -55C up to
85C, at altitudes as high as 7,500 feet. Sizes range
from "bathtub" up to large, welded -steel case sizes,
capacitance from .01 muf to 100 muf, and voltages
from 100v to 100,000v. Write Transformer Division,
General Electric Company, Pittsfield, Mass.
°Reg. U. S. Pat. Off.

MORE

"KNOW" MEANS
1

t~eeem

To help train new
technical personnel,
and make supervisory
and production men's
jobs mean more, G.E.
offers this 12 part talk-

l'rl

-....-

i

ing slide film, prepared to teach even

non -technical personnel the elements of electronics.
It comes complete with 12 slide films and records,
300 review books, instructor's manual and carrying
case; price of the kit is $100. Call your local G -E
office, or order direct from Apparatus Dept., Sect.
642-13, General Electric Co., Schenectady 5, N. Y.

FITS AND FIT

ORlastiwatedftlaale /4

Because it can be fabricated with machine tools
into practically unlimited numbers of shapes, G-E
Textolite sheet, tube, and rod stock adds flexibility
to electronic apparatus design. Over fifty different
grades
each with an individual combination of
electrical, mechanical, chemical, and thermal properties assures you that tube bases, coil forms, bus -bar
supports and other components will be exactly right
for your job. For additional information on G -E
Textolite, write to Plastics Divisions, Chemical Department, General Electric Company, Pittsfield, Mass.

-

-

1

General Electric Company, Sect. A-642-1

3

Apparatus Department, Schenectady 5, N. Y.
Please send me

GEA -1497A (Terminal Boards)
GEA -4175A (Thyratron Welding Controls)

GEA -4380 (Small Panel Instruments)
GEA -4352 (Flamenol)

Note: More data available in Sweets File for product designer,.
Nome
Company
Address._____.

City

ELECTRONICS

-
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THAT COUNT, ADD OR SUBTRACT
RtitGt

4-ace

GItitjaileZ

Ratchet -type relays, another version of the popular Struthers Dunn "Memory" Relay Series, are
designed to supervise a control
pattern for two or more circuits
by successive impulses to a single
operating coil. They are widely
used for street railway safety sig-

5,327 RELAY
TYPES

ATLANTA

f llZZ8elt4/lled

nals, capacitor bank switching, single button control of reversing

mechanisms, interlocking, and
other operations requiring "memory" or "counting" supervision.
Also available with two operating coils for electrical re -set or
"forward -and -reverse" stepping.

STIIUTH[!IS-IJUNN

`TIt1ITIIERS-DUNN, INC., Philadelphia 7. Pennsylvania

BAITIMORE

BOSTON

BUFFALO

CHICAGO

CINCINNATI

CLEVELAND
DALLAS
MONTREAL
TORONTO

INDIANAPOLIS
DENVER
HARTFORD
LOS ANGELES
MINNEAPOLIS
DETROIT
NEW YORK
SEATTLE
SYRACUSE
PITTSBURGH
ST. LOUIS
SAN FRANCISCO
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set

THOR

Tran slormure

For over half a century Thordarson has been manufacturing the
finest in transformer equipment. -6e oldest company in the field, it has pioneered many new
developments, includ ng the superior core and coil materials now used throughout its entire line.
This vigorous policy of research and development, together with an unusually high standard of
an assurance of trouble production, has made the name Thordarson a guarantee of quality
free performance among engineers everywhere.

...

Thordarson's engineering staff and Thordarson's field men are prepared to assist you with your
transformer problems. We are especially equipped to handle those types of transformers which
require a high degree of engineering skill and which must be built to very rigid specifications.
Send us complete details as to your requirements.

heiite-rtes

G

'í

Ia

ELECTRONIC DISTRIBUTOR

936

¿ad the,le dr s, eiEhe'i!

and INDUSTRIAL

SALES DEPT.

INCORPORAT

N.

m

MICHIGAN AVENUE CHICAGO 11, ILLINOIS

SCHEEL INTERNATIONAL, INCORPORATED
EXPORT SALES DIVISION
HARSCHEEL
18, ILL. U.S.A. CABLE ADDRESS
N.
LINCOLN
CHICAGO
4237-39
AVE.,

-
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yes,

you can rely upon Mitchell -Rand to supply the particular compound
or wax to meet your specific requirement
and if in the extensive line totaling
more than 3500 formulas, there isn't one which meets your conditions-then,
Mitchell -Rand will create a compound embodying every quality required . . . an
outstanding example of such special service is the development of EX 1257
Dipping and Impregnating Wax-just check the following specifications of the
latest in Mitchell-Rand's large list of Waxes and Compounds:

...

Specifications and Test Data
and Impregnating Wax

M -R EX1257 Dipping
Ring and Ball Softening Point
Melting Point, UTD

IUbbelohde Method)

171

to

192

to 198"

Flash Point

500 F.
1.005 color tan

at 250°
at 275°

COMPOUNDS

salt spray atmosphere

... cracking

... acids and

engineering tables,

electrical symbols,

to

180 seconds
130 seconds

90 to

95 seconds

F.-I25

-R WAXES
PENETRATE fibre

..

.

.

or flaking

bakelite

...

.

.

.

carrying capacities of
conductors, dielectric
averages, thicknesses
of insulatinç materials, tubing sizes, tap
drill sires, etc.

floss

paper and

cloth.
HAVE low viscosity
high
surface tension
good electrical characteristics.

alkalis.
HAVE excellent flexibility
adhesive qualities
high cold

...

free copy of the 7N -R
WALL CHART with its

M

RESIST high voltage breakdown

humidity

F.-175 to

F.-

FREE FOR Tie ASKING
Write today for your

F.

32/200/60-8 to 10
77/100/5-6 to 8
115/50/5-10 to 12

at 300

.

F.

Penetrations

Specific Gravity at 60 F.
Viscosity, Saybold+ Furol

M -R

177

...

...

flow...good thermal conductivity.

...

MORE THAN 3500 FORMULAS

No matter how

difficult or involved your insulating and impregnating Wax or Compound problems are-bring them to
Mitchell -Rand
the "Electrical Insulation Headquarters"

...

1

.EIGO110TE11

o

P1

MÌTCÑtteRTAIiV D
51 MURRAY

FOR

58 r(AIIS

ET

Fiberglas Varnished Tape and Cloth
Insulating Papers and Twines
Cable Filling and Pothead Compounds
Friction Tape and Splice
Transformer Compounds

I

NSU LAT ®;
COrtla

1

7,

4

A PARTIAL LIST OF M-R PRODUCTS
Fiberglas Saturated Sleeving, Varnished Tubing
Asbestos Sleevinq and Tape
Varnished Cambric Cloth and Tape
Mica Plate, Tape, Paper, Cloth, Tubing

Fiberglas Braided Sleeving
Cotton Tapes, Webbings and Seevings
Impregnated Varnish Tubing
Insulating Varnishes of all types
Extruded Plastic Tubing

January,
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RECOMMEND

Langevin
... WITH

CONFIDENCE

Representing the finest in audio
systems engineering, a Langevin
sound system combines three very
important engineering components
... carefully designed and built basic
well thought out sysequipment
and "on the job" entem design
gineering supervision.

...
...

In c .Ler to ensure continuous system
perf. .nance, amplifiers that are built "to
tal' it' are necessary. The versatile line
Langevin quality amplifiers fits this
íquirement. Parts are conservatively
rated, chassis are constructed of 16 gauge
rust proofed (zinc plated, Bonderized)
steel with baked -on enamel finish; transformers are mounted directly to the
chassis instead of being "floated" in their
surrounding cans; and, most important,
these amplifiers have high quality electrical characteristics-the uniform response and quiet, low distortion
performance which provide excellent sound reproduction.

Designing a sound system to properly service an area requiring
sound coverage is the specialty of the Langevin Systems Engineer. All
the peculiarities of factory, office, auditorium, or athletic field construction are taken into consideration, and the facilities of the
Langevin "custom built" department are brought into play to meet
-hem.
Rounding out the Langevin service, is "on the job" engineering
supervision providing the final follow through which ensures quality
system performance.

For more than 23
years our business has

grown through the recomnrendations ofthose who know quality.

HERE

Los

ARE

A

FEW

LANGEVIN

OUAL?TY

INSTALLATIONS

Angeles Coliseum

California Pacific International Exposition
at San Diego
Texas Centennial Exposition at Dallas
Rubber Bowl Stadium, Akron, Ohio
Madison Square Garden, New York, N. Y.
Stotler Hotel Chain (Nationwide)
New Yòrk State Horse Racing Tracks
General Cable Company (4 plants)
United Nations (San Francisco; Hunter
College; Lake Success, N. Y.)

Bring your sound problems to Langevin

The

Langeviri Company
INCORPORATED

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING
NEW

YORK

.31

W

65

51, 23

SAN

FRANCISCO,

1050 Howard St

,

3

LOS

ANGELES,

1000

N

Seward

St

,

38
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BRUSH MAGNETIC RECORDING TAPE AND WIRE OFFER

LOWER

COST... UNIFORMITY... EXCELLENT FIDELITY
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and
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ed
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Through This Machine
Pass The Most
Precisely Tested
Relays You Can Buy!

Designed and built by Clare to "stand in" for
YOU, this machine automatically compares the
Clare "Custom-Built" Relay you ordered with the
one you will receive.
Clare ingenuity in economically producing a relay
"custom-built" to your exact specifications is also
demonstrated in this unique Test Set which checks
coil windings, resistance, breakdown and desired
current and voltage to meet the exact demands of
your specifications.
Relays are our business. Clare engineering and
manufacturing skills are entirely devoted to giving you the best built, most perfectly operating
relay for the job you have. No precision methods
of construction or testing which will assure this
objective are overlooked. Clare reputation rides
with the performance of every relay that bears
our stamp.

That is why thousands of engineers in every
branch of industry have learned to look to Clare
"Custom-Built" Relays when new or unusual problems in the use of relays present themselves. They
know Clare can give them a relay for their design

... they never have to design to fit a stock relay.

Close at hand are Clare Sales Engineers ready to
discuss such problems with you-to offer suggestions and set things moving for the design of a
Clare "Custom -Built" Relay for YOUR application.

It will pay you to know all about Clare Relays.
Our fine new Engineering Data Book will be
mailed the day we receive your request. Drop a
line today to: C. P. Clare & Company, 4719 West
Sunnyside Avenue, Chicago '30, Illinois. Cable
address: CLARELAY. In Canada: Canadian Line
Materials Limited.

CLARE RELAYS
"Custom -Built" Multiple Contact Relays for Electrical and Industrial Use
www.americanradiohistory.com
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Tests are never dreaded ordeals

Mykroy.With performance characteristics
such as these, it's no wonder Mykroy
breezes right thru them with a 100% rating
every time. That's why this Perfected Mica
Ceramic insulation likes to be "put to
the test".
Mykroy performance is easily demonstrated
satisfy your most exacting
insulation requirements. Just write for a
sample . . submit it to the most critical
examination and watch it pass the test
in your own laboraiory.
.

MYKROY

IS

SUPPLIED IN SHEETS AND RODS

MADE EXCLUSIVELY BY

...

MACHINED

EciiA /vies
INC

OR MOLDED TO SPECIFICATIONS

70 CLIFTON BOULEVARD
Chicago 47:

1917

CLIFTON, NEW JERSEY

NO. SPRINGFIELD AVENUE

.

.

TEL.

Albany 410

Export Office: 89 Broad Street, New York 4, N.

January, 1947
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For use where

ambient temperatures
range widely

high peak -to -average current ratio

stable dual -grid control
eere
short heating time

GENERAL ELECTRIC's new
GL -5545 Thyratron solves your

problem of obtaining "climate -proof"
performance from a control tube with
high voltage rating. The inert -gas content which makes this possible, offers
a

second important advantage-no

start -off time need be lost in bringing
mercury vapor up to temperature.
Type GL -5545 was designed primarily
for (1) 220 -volt d -c motor control
work, (2) use in separate-excitation
ignitor circuits, (3) grid -controlled
rectifier service. A high peak-to-avg
current ratio (see ratings), as well as
high peak voltage, mean unusual capacity to "do a job" under exacting conditions. Also, the grid design, with
both control -grid and shields, cushions

any grid effect from anode voltage
surges, making for a stable circuit and
more dependable tube behavior.
Sturdy construction parallels stout performance characteristics. The GL -5545's
grid structure-supported both at top
and bottom-is strongly braced to resist vibration and shock. Base is the
large, heavy-duty type for solid mounting, and terminal pins are long, with
ample contact area.
G -E tube engineers will be glad to discuss the application of this capable
new GL -5545 Thyratron to equipment
you now are designing. Phone or write
your nearest G -E electronics office, or
Electronics Department, General Electric
Company, Schenectady 5, N. Y.

RATINGS
Filament voltage

2.5 v

Filament current

21 amp

Peak anode voltage, for-

ward and inverse

1,500 y

GENERAL
ELECTRON CS

-

FIRST

AND

GREATEST

Peak cathode current

80 amp
6.4 amp

Avg cathode current
15 sec
Current averaging time
Ambient temp range -55 to + 75 C

ELECTRIC
102-F2-0000

NAME

IN

ELECTRONICS
37
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SHAW -MOLDED FOR SHAVING COMFORT

Schick's Shaver has the smooth lines and
sturdy construction that show sound plastics
design and application, and is another molding achievement by Shaw in which materials
and technique have been combined to help
produce a top-notch product in plastics.
Five plastics components, produced from
three different materials, are molded by the
Shaw Insulator Company for the Schick
Shaver. Each material was selected for specific
properties essential to pleasing appearance,
long life and trouble -free operation. Each

mold was effectively designed and built. And
the actual molding follows with the economies
that can be effected by up-to-date presses and
skilled personnel, guided by over a half century of molding experience.
Shaw engineers can analyze your plastics
problems and give you sound advice in the
selection of any material and any molding
process for the low-cost production of your
plastics products. Shaw molding facilities can
serve you today as they have served Schick,

Incorporated for the last twenty years.

PLASTICS LITERATURE AVAILABLE
Show engineers have prepared a variety of literature,
study of which might help you to a decision. Simply

write

o note

about what phases of plastics especially

interest you.
Or, you may prefer at once to calf in a Shaw engineer, and present your problems for his study. This
company's fifty-five years of plastics experience gives

SHAW INSULATOR COMPANY
QUALITY MARK ON

MOLDERS

160

COAT STREET

SINCE 1892
MOIOFO PLASTICS

IRVINGTON 11, N. J.

him a rich background from which you can draw.
Between the resources of Shaw and the Plax Cor-

poration, Hartford 5, Conn., you can obtain assistance in almost all plastics methods and materials.

January, 1947
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TWISTED SQUARE POLYSTYRENE ROD AVAILABLE

Plax is now producing square extruded
polystyrene rod in twisted form. The
striking appearance and unusual optical properties of the new shape make
it ideal for displays, interior decoration
and for creating special ornamental
effects on table lamps, furniture, etc.
Unlike cut and twisted sheet, Plax
twisted rod does not lose the twist when

used where moderate heat is present
but retains it to the softening point of
the material itself.
Clear twisted Plax polystyrene rod
is available for immediate delivery
colored rod on extended delivery. It
may be had in thicknesses ranging
from 1/8" through 3/4" in sixteenth -inch

-

graduations.

WRITE FOR THIS POLYSTYRENE DATA
How to Machine Plax Polystyrene Products.
How to Use Coolants with Plax Polystyrene Products.
How to Cement Plax Polystyrene ProdLcts.
How to Polish Plax Polystyrene Products.
Notes on Design and Assembly of Plax Polystyrene
Products.
Die-cut Parts from Plax Polystyrene.
How to Form Plax Polystyrene Rod.

FOR PLASTics

AND THIS PRODUCT INFORMATION
Data Sheets on Plax Cellulose Acetate, Cellulose Acetate Butyrate, Methacrylate, Polyethylene, Polystyrene and Ethyl Cellulose Products.
Article on Plates Blown Products.
Flew special plastic shapes by Plax.

ELECT RON ICS

-

133

WALNUT STREET

*

HARTFORD

5,

CONNECTICUT

39
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LONGIL10!
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haré

DESIGNED, BUILT, LIFE TESTED
FOR LONG, DEPENDABLE SERVICE.......
The CHATHAM 1Z2 incorporates all metal and glass construction

that makes

it possible to guarantee long service life under all operating conditions normally encountered in television service. Samples will be supplied to set designers to substantiate this claim.

-

PREMIUM PERFORMANCE .
AT NO EXTRA COST

.

.

Exclusive CHATHAM design features embodied in this. 1Z2 permit higher peak
voltages and loads than heretofore. These improved characteristics ore the

direct result of changes in structural design
materially lower manufacturing costs.

.

.

.

which, at the same time,

CHATHAM IS TOOLED FOR
IMMEDIATE VOLUME DELIVERY
CHATHAM production facilities make it possible, at present, to solicit inquiries
regarding deliveries of the 1Z2. To insure meeting your requirements without
delay, we suggest immediate investigation of the merits of this tube, in relation to your television circuit.

ENGINEERING COLLABORATION
IN APPLYING THIS RECTIFIER

-

Specialists in the solution of rectification problems, CHATHAM engineers offer
complete cooperation in applying the 1Z2 to any projected or existing equipment design requiring a compact high voltage rectifier. This service, which
has proved invaluable to many manufacturers, is offered without obligation.

The new CHATHAM

OPEP.ATING
CHARACTERISTICS:

-

Max. D.:. Output Voltage -12,000
(25 000 inverse peak voltage)
D.C. Load
Peek Anode
Fi

ment

mo
ma

Vo toge -1.25 Volts

Filc ment

\

-2

Curent -18

catalog contains complete information and technical data covering all
CHATHAM rectifiers now available for prompt delivery. Included are high
vacuum, mercury vapor and inert gas rectifiers and thyratrons. Many of the
inert gas tubes operate in wide extremes of ambient temperature without
the use of blowers, heaters or controls to regulate bulb temperature. Thus
particular advantage is offered for relay stations, unattended transmitters
and similar applications. For your free copy of this informative booklet.
write on company letterhead today!

C..

rent -265 ma

bulb-Lo e Miniature" Long
23/.

CHATHAM

ELECTRONICSC---(-):53

475 WASHINGTON ST., NEWARK 2, NEW JERSEY
40
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NOW YOU CAN

USE ALTEC

LANSING SPEAKERS

... AN ADDITIONAL

MARK OF QUALITY, ANOTHER SELLING POINT, FOR YOUR FINE RECEIVERS.

THE ALTEC LANSING DIA -CONE SPEAKER

,aCaide000
When a radio manufacturer we know heard the famous Altec Lansing Duplex, his
first words were: "You ought to design a speaker like this for my better receivers...
at a price I can afford." And here it is ... a popular priced speaker with a carry-over
of Altec Lansing's premium priced features. This new model, No. 600, is a 12 -inch
edition of the Altec Lansing line. Now you can identify your finer receivers with
Altec Lansing quality. Send for further technical information on the No. 600.
600: Specially designed for better radio -phonographs. This Altec Lansing
Dia -Cone Speaker incorporates a metal high frequency diaphragm and a 12 -inch low
frequency cone, coupled by a unique mechanical dividing network to a 3 -inch voice
MODEL No.

coil of edgewise wound aluminum ribbon.

ALSO AVAILABLE IN 15 -INCH DIA -CONE WITH A MULTICELLULAR HORN FOR HIGHER PRICED COMBINATIONS

"KEEP ADVANCING

WITh ALTEC LANSING'

..
. Hollywood 38, Cal.
57th St., N. Y. 19, N. Y.

1161 N Vane St

2,0

ELECTRO'.1ICS

-

W.

41
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USE STANDARD PARTS

-

SAVE TIME AND MONEY

UNIVERSAL!
The Automatic

K -TRAN

as standard as a

is

resistor or mica condenser.
One of a few standardized types will meet almost any I. F. Transformer requirement in any radio
set. Large stocks of a

multiplicity of types are elimi-

nated Procurement problems on

Transformers
vanish. Shipments from stock eliminate months of
I.

F<

waiting for material.
Use K -TRAM throughout your line!

urtnimire
MANUF.CTUR/NG
C

MASS
9 0 0

PRODUCTION

PASSAIC AVE

O

R

P

COILS

O

R

&

A

T

MICA

I

O

N

TRIMMER
EAST

42

CONDENSERS
N

E
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R
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APPIltMIONS
FOR

*

AND

FAN

AIR CONDITIONING

73
series

THREE STAR PERFORMERS
FOR
NO.

FAN

APPLICATIONS...

TYPE

H.P.

KP732L

Shaded Pole

L731H

Capacitor
Capacitor

1/30
1/20
1/15

TYPE

L732G

SPEED

1500
1600
1600

EASTERN AIR DEVICES motors have won wide acceptcnce for their efficient performance in fan and air
conditioning units such as those illustrated. Their construction includes such desirable features as: replace-

U. S. AIR CONDITIONING CORP.

WINDOW VENTILATORS

able "capsule" bearings, snap ring construction for
easy disassembly, radically
improved cooling means,
insuring long life and quiet
operation with minimum
size and weight. Let us fit
an E.A.D. motor to your

application.

STEWART-WARNER CORP.
TRAILER HEATERS

r.

ELECTRONICS

-

EASTERN AIR DEVICES, INC.
Brooklyn 17, N.Y.
585 Dean Street
43
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SANGAO PAPER TUBULAR CAPACITORS
ARE

Now

ITIOLDED in PLASTIC

¿*t4tE%ei«ca4f
Paper Tubular Capacitors, molded
in Thermo -Setting Plastic! Designed for use

in all circuits calling for Paper Tubulars.
Plastic Molding means no leakage. Capacity

values remain more stable and moisture is

completely sealed out. No wax to run at

higher ambient temperatures. Smooth finish
prevents catching dirt and dust. All in ail,
Plastic Molding assures longer life and lower

power factor. Specify Sangamo Plastic
Molded Capacitors wherever you use Paper
Tubulars.

edede Nest4
WITH

5f flGA1110

PLASTIC TURULARS

NO WAX TO MELT.... even heat as intense as is encountered in soldering,

WRITE NOW

for the New Sangamo

Capacitor Catalog for full information
on the Sangamo Line.

will not cause leakage in the case

Qr

at the lead joint.

LEADS WILL NOT PULL

OUT...Plastic
Molding so tightly seals the leads in
place, that under all conditions of normal use, leads will stay put.

SANGAMO ELECTRIC COMPANY
44
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MAK1NG TUBES

rs

EASY..
you
KNOW
HOW!

shown in
are varied as
socket
Electrode potentials voltages at the
Actual
through the inthe schedule.
drawn
interdepend on currents
as economical,
lamps used
candescent
-limiting
current
are:

steps
changeable
sevenresist
Operations
heater -cathode
of
tos
(1)
discovery
cathode processing and
(2) beginning of
seasoning
(3) further
stabilize emission
(4) h -k potential
h -k leakage
burning off of eliminate leakage (5) grid,
to
applied to comincreased
plate potentials
off period (7)
screen, and
cooling
(6)
for test
-heat
plete de-gassification
to
pre
applied
normal potentials

performedshorts

AirermANIC
G1NG FOR
Yes, radio tubes also must be "aged in the wood."
Aging activates the cathode under accelerated life
conditions, just before test. In the fundamental
aging circuit shown, final seasoning and de-gassification stabilize characteristics in accordance with the
carefully planned aging schedule.
Formerly tubes were plugged into long aging racks.
An operator, equipped with the schedule and a timer,
adjusted electrode potentials throughout the aging
cycle. The human element resulted in errors of timing and switch manipulation.
Hytron's new automatic aging wheel minimizes
human error. A motor drives a mechanically -indexing horizontal wheel on which 30 radial sections of

12 tubes each are slowly rotated. Brushes contacting
commutator segments automatically apply electrode
potentials. The wheel itself requires no operator.
The final basing machine operator feeds the wheel.
Tubes already pre -heated are removed by the test
operator.
Other features of the aging wheel are elimination
of needless handling, fast and steady pacing of the
work, easy servicing, and readily interchangeable
load lamps.
To you this automatic aging wheel means economical, more uniform tubes with stable electrical characteristics. Again Hytron know-how takes a forward
step by making your tubes easier and better.

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

't

N4-

ILIUM) Mt E`ELIR4W1tS C1DR
MAIN
ELECTRONICS

-

O

F

F

I

C

E:

SALEM, MASSACHUSET

TS
45
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LABORATORY INSTRUMENTS FOR SPEED AND ACCURACY

-hp- 2006
OSCILLpTOR
IO
AUDIO
1

Z

3

zero setting
FAST- no

4.11111111

required

distortion
output, lowfrequency range
STABLE-constant
-3 bands,
VERSATILE

Ru=

127

Ca=C7

The model 200B -hp- Audio Oscillator brilliantly
combines the virtues of coil -condenser and beat frequency types for
swift, accurate operation under any condition. No longer are frequency zero settings necessary. Even during initial warm-ups, or line
voltage variations as high as 10%, thermal frequency change is less
than 2%. This high order of stability is maintained throughout the
instrument's operating range -20 cps to 20 kc.
Model 200B supplies 1 watt or 22.5 volts output into a matched
resistance load of 500 ohms and provides 25 volts on an open circuit.
These outputs are constant within ±1 db between 20 cps and 15 kc.
And distortion is limited to less than 1% between 35 cps and 15 kc.
This easy -to -operate audio oscillator has but three controls-main
frequency dial (directly calibrated), a range switch selecting one of
three frequency bands (with generous overlap) and a simple output

Operadio makes 1500 tests
per day with -hp- Oscillators
Operadio Manufacturing Co., St. Charles,
Ill., uses three -band -hp- Audio Oscillators
similar to the Model 200B, in over a dozen
of their loudspeaker test racks. Fast -tuning
-hp- oscillators make it possible for an inspector to check from 1000 to 1500 speakers
a day on each of these units. This results
in }sigh -speed, mass production that meets
the rigid specifications and close tolerances
maintained in all Operadio products.

amplitude control.
The versatile -hp- Model 200B is ideal for many uses-testing
amplifiers, loudspeakers, transmitter audio responses; for modulating
signal generators, driving ac bridges; or wherever a stable audio test
signal is required.
The -hp- Model 200B Audio Oscillator is ready for early deliveryyours may be shipped from stock. Write or wire now for details.

HEWLETT-PACKARD COMPANY
1341A PAGE MILL ROAD, PALO ALTO, CALIFORNIA

Power Supplies Frequency Standards Amplifiers Electronic Tachometers
Frequency Meters
UHF Signal Generators
Square Wave Generators
Noise and Distortion Analyzers
Audio Signal Generators
Attenuators
Audio Frequency Oscillators
Wave Analyzers
Vacuum Tube Voltmeters
ssudsrwisvassessessissashisib
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CONSTANT CAPACITANCE
GAS -FILLED CONDENSERS

...

tune as your home receiver, and once set, this gas-filled Lapp
Condenser holds its capacitance under all conditions. No "warm up"
required, no change in capacitance with change in temperature. As lump
capacitance for servièe at high voltage and high currents, these gas -filled
units save space, save power, and save trouble. Available in variable, adjustable, and fixed capacitance units. Condensers now in service range up
to 60,000 mmf. (fixed), 16,000 mmf. (variable and adjustable). Current
ratings to 500 amperes R.M.S., and voltage ratings to 60 Kv peak.
As easy to

i
LAPP INSULATOR COMPANY, INC.,

ELECTRONICS

-

LE

ROY, NEW YORK
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PEOPLE who follow our advertisements or pop in on us at Lansdale often say,
`why so much equipment just to test a spring?" Good question!

Making and testing a few springs is one thing. Making ar_d testing hundreds,
thousands or millions of springs is something else again. A very different something
else if you wan'. the kind of springs that can breeze by dose sp_ecifications.
In order to iriplement our statistical control of quality (so effective in insuring
better springs:... in order to give you springs that really meet tolerances and to
we found it necessary to 2onceive, design and
know that we knew they are right
then even to kuild our own testing machines.
We show you a few of the machines on these two pages, some mechanical, sxnc

...

electronically Dçerated.

www.americanradiohistory.com

THE NEW FM SIGNAL GENERATOR
AUDIO
SO CYCLES

OUTPUT
MONITOk

toISKC

METER

OSC.

FM

FREQUENCY RANGE
54 to 216 MEGACYCLES

MOD.
METER

Model 202-B

AM

FM

A

AM

O

EXT.

. MOD.

FM
EEACTANCE

OSC.

DOUBLER

00081E/aAMP.

27-54

54-108

54-108

MOD.

MC

MC

/08-2/6

PISTON

MC

RF

EF

OUTPUT
ATTEN.

OUTPUT

MC

BASIC LAYOUT

Of 202-B FAI

SIGNAL GENERATOR

Shown above in block form are the basic circuit elements of the new
202-B FM Signal Generator. The stage following the RF oscillator, in
addition to doubling the oscillator frequency, prevents interaction between the output stage and the oscillator and modulator circuits. It
also provides sufficient drive to saturate the output stage thereby
minimizing unwanted amplitude modulation. The FM and AM modulating systems are independently monitored by a modulation meter
which may be switched to indicate the degree of each type of
modulation present.
Frequency doubling at the final stage is accomplished by changing
the point at which the output tank coil is grounded, assuring stable
and trouble free range switching.

THE Signal generator to help solve
your FM problems
to widespread demands for a suitable
FM Signal Generator to cover the new FCC frequency allocations, Boonton Radio Corporation
now offers the Type 202-B FM Signal Generator
to provide the utmost in performance. FM and
television engineers will welcome the 202-B Signal
Generator as the essential laboratory instrument
In response

for receiver development and research work.
Frequency coverage from 54 to 216 megacycles is provided in two ranges, 54 to 108 megacycles and 108 to
216 megacycles. A front panel modulation meter having two deviation scales, 0-80 kilocycles and 0-240 kilocycles, permits accurate modulation settings to be made.
Although fundamentally an FM instrument, amplitude
modulation from zero to 50%, with meter calibrations
at 30% and 50%, has been incorporated. This AM
feature offers increased versatility and provides a
means by which simultaneous frequency and amplitude
modulation may be obtained through the use of an
external audio oscillator.
The internal AF oscillator has eight modulation fre-

quencies ranging from 50 cycles to 15 kilocycles,
any one of which may be conveniently selected
by a rotary type switch for either amplitude or
frequency modulation.
The calibrated piston type attenuator has a voltage
range of from 0.1 microvolt to 0.2 volt and is

standardized by means of a front panel output
monitor meter.
The output impedance of the instrument, at the
terminals of the R.F. output crible, is 26.5 ohms.
Careful consideration has been given to the positioning of the main frequency dial and various
controls, with modulation and outtput monitor
meters located at eyelevel for maximum readability. Dimensions have been chosen to permit
greatest economy of laborato.y space. For complete details write for Catalog "D"..
of this instrument wc,: described on pages 96-101 of the November
of ELECTRONICS. Repruxts of this article are available upon request.

The design

BOONTO
BOONTONNJUSA

,//

ADIO

UGCIC ""'C

mi

DESIGNERS AND MANUFACTUEERS OF THE Q METER

issue

OX CHECKER

'

FREQUENCY MODULATED

SIGLAL GENERATZR

BEAT

FREQUENCY
GENERATOR AND OTHER DIRECT READ"VG INSTRUMENTS
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ORIGINALLY DESIGNED FOR AIRCRAFT USE

B,

ANTI -VIBRATION Littelfuses
Longer Lasting, More Dependable
Protection ....Here's Why

C.

4

1.,C

40-anoeie
Glas,
3. 4
to
1

Litt.lfuse Series

si.s

for u.e or

411

10 to

Fuse ..

J2 volt

Orig:r_ally designed to withs-and vibration, sh fc and .rth2r severe
operating conditions encounter;d in aircraft applications
Spring -and-Link element (5 -ampere and lows; pa-oviief special protection for the delicate fuse e.ement, offsets v bratiou. ?hcrt fusing
section is soldereIto beryllium: copper spring as shcwn La illustration
"B" above.
Mechanically depolarized elements, with 90 degree twit, are unre
sponsive to or -Aeration from any 3irection end ere use -1 is larger amps .
ages, LE shown in .11ustration "A" above. Specie! ` g3.oseredc" formation
at one end cf fuse element prevents crostal_izat_er- anc cracking at
the fusion point.
Cornolete assortment of ratings for small n_otrss, relays and all
incuttrial applications in which medium or high :ime lag protection
coupled with anti -vibration and shock resis:anoe gnaliti:s are ma} -r
factors. In all suer applicatiors they will give you leiger lasting, more
dependable, room economical protection.
For complete i_olormation end prices on these and otl;ar L.iitelfuse
;ust elf tLe press.
quality products, send for Catdog No. 9

or

''es

.

en :I, se.

A3'Sle-Blo" L
3 race.: sizes

effuse S-sres 4" 3 Fuse:.
for jse en 25C volto cr
` zmpe'e size for is- or 32 -ol s
less, cric
or 1es:. 3bss encloued.
Fuses.
4 At Lit Ifuse Series 414
or les ,
Sze for use of 230 volt
3 -ancre
3 -cannery siz as for u.e on 116 rolfss cr
5 to
less, arc 20 to 40-anperc sizes fa use an
32 v.lh sr lei Bohol te enclosed, cherter-nocf
t

consruct ow.
D. F parr Operated Fuse Extractor PosL 4
quid, sch e -d simple wa- o' a ou ig and
chan iirg r-AG fuses_ F,r leant panel noon inç.
F. Pres.zrze.l, Finger/ Operated Fuse Eztracter
Post. Uni or .o ab,se except for usa at Sigh
attitedes i. p essurired aiic,of cabin_ etc.
Sae es D," a dove, ex-:ept fo. Lacz-o'.
pane nQuntir 1.

fi

..

Fr older
c

Fuses, Mounting: and Ac
a..rr.es send fur Gtutlos 1'b
rn

LITTELFUSE
4791
NITS "SITE

-r

i

vRCUIT

...

Dt
...
O

Z

CHICLGO 40, U.

NORTH RAVE34SNVOOD AVE.

LITE

ISNI11CN-Fern

VERY

IIDICATIRS

SWITCHES

CIRCUIT BF EAKERS

S.

FUSES,

A.
MN NI1NCS AN) ACCESS( RI(
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You're Cooking on Both Front Burners
(PRODUCTION AND SALES, TOO)

...when you use AMERICAN PHILLIPS

SCREWS

IN PRODUCTION: Many top -rank stove builders and other makers of
household appliances rate the modern method of American Phillips
Screw -driving as a major means of cost -control. For American Phillips
Screws save by making power -driving practical on all jobs. And they
save in many other ways: Fumble -proof starts, automatically straight
driving, no burred screwheads or spoiled work, faster assembly ... and
more finished goods on the shipping platform every day. Sum of all time -

savings runs as high as 50%.
OM
4-WIN
PHILLIPS

TAPERED

RECESS

IN SALES PROMOTION: American Phillips Screws give any product a
smartly finished, modern look that packs plenty of appeal to purchasers.
And there are no snags to catch hose or clothes. So American Phillips
Screws pay off double ...in the plant and on the sales -floor. Ask American
to show you how and why American Phillips Screws always cost least to use.

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND
Chicago 11: 589 E. Illinois Street
Detroit 2: 502 Stephenson Building

AMERICAN
PHILLIPS

ALL TYPES

e

ALL METALS: Steel,
Brass, Bronze, Stainless Steel, Aluminum,

Monet, Everdur (silicon bronze)

January, 1947 -ELECTRONICS
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ngt profit marqin

is your

disapp&ar(nq

doing a

Magicians are mighty intriguing folkin their place. But nobody, at any time
or place, enjoys seeing his net profit
margin do a disappearing act.

If product dependability is the life
blood of your business; if lowered inspection costs, lowered service costs,
and maintained production are determining factors in maintaining your
consultation with our
profit margin
engineers will be to your advantage.
The same specialized experience that
in the past 37 years has resulted in the

-a

MICA

A

DYKANOL

FEW OF

C -D's

PAPER

sri
oY

is

act!

design and manufacture of over 250,000
different types of capacitors can be
directed with equal efficiency to your
specific needs. Typical examples of C-D
capacitors designed for special requirements are shown below. Catalog of
standard capacitor types available on
request. Your specifications for types to
meet your requirements are solicited.

Cornell-Dubilier Electric Corporation,
South Plainfield, New Jersey. Other
plants in New Bedford, Providence,
Worcester and Brookline.
ELECTROLYTIC CAPACITORS

MADE-TO-ORDER CAPACITORS

1

2

-

A heavy-duty, herCAPACITOR #1
metically -sealed, oil -filled and impregnated feed -through noise filter designed
to meet the needs of an aviation application. Terminals with polnut assembly
for either bulkhead or chassis mounting.

ELECTRONICS

-

-

CAPACITOR #2 This mica capacitor
is molded in a low -loss phenolic case
with strap terminals to provide low impedance poth of high frequencies.
Designed for h -f by-pass circuits.

CAPACITOR

#3-An

inexpensive, com-

pletely -integrated noise suppressor
incorporating both inductance and capacitance in basic design. Assembly
into parent equipment reduced to five
operations where normally ten would
be required.
53
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l
CALLITE'S

"M"

SHAPED FILAMENTS

for high-

power projection lamps. Employing a

tungsten wire of .010" diameter wound on
a .035 molybdenum mandrel for 55 turns
per inch, its faster crystal growth produces
interlacing crystals whose structure maintains the stability and non-warping property of the coil, thus withstanding elevated
temperatures. Used for vacuum and incandescent lamps of high wattage and heat

CALCITE'S CONE -SHAPED TUNGSTEN FILAMENT.

This heater wire, .020" in diameter, is
specially designed to produce lamp filaments that will maintain a constant lumen
output because it permits very little distortion of the coils (despite their unusual
pattern) during the life of the lamp. Used
for special' types of incandescent and gas
filled lamps.

dissipation.

CALLITE'S

COILED -COIL

HEATER.

Employs a

.375 milligram tungsten wire heater wound

on a .004 molybdenum mandrel for 800
turns per inch. The coil is then rewound
on a .030 steel mandrel and skip turned
every 68 t.p.i. Result: a highly efficient
coiled-coil heater for miniature electron

CALLITE'S MINIATURE DOUBLE HELICAL HEATER

for radar and microwave transmitting tubes.
This molybdenum -tungsten alloy filament,
.0048" in diameter and 133 mm. in length,

tubes with high emission properties equal
in performance to larger envelope tubes.

is coated with aluminum. Evenly wound,
of high tensile strength, good ductility and
uniform resistance, this filament is particularly adaptable for high and ultra-high frequencies in restricted spaces.

featured above indicate the kind of engineering ingenuity and production
proficiency with which Callite serves the lamp and tube industry. For 26 years Callite has supplied standard and
special shapes in every industry where lamp and tube components are used. The same ingenuity and flexibility
of the Callite organization is at your command for any component problem requiring quick, efficient solution.
Callite Tungsten Corporation, 544 Thirty-ninth St., Union City, N. J. Branch Offices: Chicago, Cleveland.
THE CALLITE COMPONENTS

TYÑ6fiÌÑ

e
O

l' ER

2G

r

YEARS

Hard glass leads, welds, tungsten and molybdenum
wire, rod and sheet, formed parts and other components for electron tubes and incandescent lamps.

OF

PIONEER

I

NG

IN

TUNGSTEN

write for
Catalog fj 156.

¡METALLURGY
January, 1947-ELECTRONICS
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YOU 6E T

A SQUARE

DEAL

AT OUR RO UND TABLE

When you bring your sheet metal fabrication problems to
KARP, you immediately set in motion a "round table" board of
experts whose combined specialized skull and experience is
without an equal in the field. This group includes the president,
chief engineer, chief draftsman -designer, chief toolmaker, plant
superintendent, production manager and cost accountant.
These men make a detailed study of your special requirements. They plan, design and engineer the job with your needs
and uses in mind. They determine the best manner of producing
it, utilizing KARP'S superior equipment and facilities to your
greatest advantage.
When your job is finished, it will be correctly designed for its
application, handsome, rugged and built for long service life.
no need to
You will have no costly problem of assembly
spend additional time and labor on finishing touches. The job
will be COMPLETE, ready for the installation of your electrical
or mechanical operating parts with ease and simplicity. No
matter how many units you order, every last detail will be

...

absolutely uniform.
This custom service not only gives your product added value,
but under KARP methods may often save you money.
Consult us for cabinets, housings, chassis, racks, boxes,
enclosures or any type of sheet metal fabrication.

Karp

METAL PRODUCTS CO., INC.
_((.Morn W2'cft 2n en in ,9X eeLJ/ett
124

-

'.

30th STREET, BROOKLYN 32, NEW YORK

ELECTRONICS -January, 1947
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DU MONT Type 241

CATHODE-RAY OSCILLOGRAPH
Ideal for the observation of
AUDIO, VIDEO and R -F signals...

..b

For unexcelled performance at moderate
cost, the Du Mont Type 241 Oscillograph offers
these outstanding features:

e

Radio -frequency
waveform of vertical
sync pulse. Horizontal sweep frequency
of the oscillograph
set at 60 cps.

O

The Type 5JP cathode-ray tube with intensifier electrode for increased light intensity of the observed
trace.

O

A vertical amplifier for study of signal frequencies up to 2 megacycles.

e plates connections
signals up
Direct

for

O
O

O
Radio-frequency waveform of horizontal sync
pulse. Horizontal sweep
frequency of the oscillograph set at 15,750
cps.

ALLEN

B.

teraction between horizontal and vertical deflection plates.
Use as a modulation monitor over the standard
broadcast band.
Examination of very short pulses in television
transmitting and receiving equipment.
Brilliant, easy -to -photograph oscillograms through
use of the Du Mont Type 5JP11 intensifier-type
cathode-ray tube. Deficiencies in a television sync
generator under test show up in the accompanying oscillograms taken on the Du Mont Type 241.
Literature on request.

JUST ANOTHER REASON WHY DU
Q ALLEN

(on front panel) to deflection
to 60 megacycles without in-

MONT

IS

ALWAYS YOUR "BEST BUY"

DU MONT LABORATORIES, INC.

B.

DuMONT LABORATORIES, INC., PASSAIC, NEW JERSEY

CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A.

January, 1947
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RADAR POWER CA
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t

I

f

NIA'
TO EACH
P{)R'l'É131.1ì, T1:1:1'sY

CUSTOMER

FOR

'SPIES C ABLE

SPECIFIC

HIS
NEEDS

Unusual resistance
to abrasion
High dielectric
of uninterru
nsuranCe
pted
phone communications
Servicein tele-

of Ansonia

for

Each reel
Ankoseal
cable
earmarked or holds wire
where it' will dot
ap1'l¡Catio
Our
he best possible
en
engineers
job.
can solve
your
problems.
cable
2ti

IPA 11t TEL

!

PRONE CABLE

i1

THE A NSONIA ELECTRICAL DIVISION
ANSONIA, CONNECTICUT of

NOMA
ELECTRON ICS

-

ELECTRIC CORPORATION
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Power Behaves

...SECO AUTOMATIC VOLTAGE REGULATORS

- -a

CONSTANT VOLTAGE
necessity in the operation
of electrical apparatus can be best obtained by SECO Automatic Voltage Regulators.
Installed in a convenient corner in the plant, a SECO regulator will maintain constant voltage to entire laboratories,
machine rooms, and other factory equipment sensitive to line
voltage variations.
A SECO regulator offers for large industrial power users
the same voltage control generally found only in instruments
for laboratory use. Some inherent characteristics are:

Rapid correction of line voltage variations.
Zero wave -form distortion.

Not affected by changes in the power factor or
magnitude of the load.
Does not affect power factor of the system.
No critical mechanical adjustments.
Incidentally, the distinctive design of SECO Automatic
Voltage Regulators adds much to the appearance of any
plant interior. Investigate now!

SEND FOR BULLETIN 150 LE

Superior: Electric
881 LAUREL STREET

BRISTOL, CONNECTICUT, U. S. A.

5
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Recently in Camden, N.J., where the Victor Talking
Machine Company was founded some 48 years ago, the
billionth R.C.A. Victor Record was produced, thus
marking a milestone in the history of the company, as
well as the record industry.
For this history -making record, the Victor Division
of the Radio Corporation of America chose two of John
Philip Sousa's stirring marches, "Semper Fidelis" and
"The Stars and Stripes Forever," played by the Boston

Symphony Orchestra under the direction of Serge
Koussevitsky. And for the discs, on which the original
sound recording was made, they chose Audiodiscs.
For the original sound recording in the phonograph
record and electrical transcription industries-for
master discs used in processing-for sound recording
and reproduction in radio broadcasting and motion
picture studios-Audiodiscs hold a place of eminent
leadership.

AUDIO DEVICES, INC.,

444 Madison Avenue, New York 22, N.Y.
Export Department Rocke International Corp., 13 E. 40th Street, New York 16, N.Y.
Audiodiscs manufactured in the U. S. A. under exclusive license from PYRAL, Paris.
:

-ayllese-zAizenzélezw4 cuLdimus-cs
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EDISON thermal relay
...here's how it works

The new

1. ELECTRICAL HEATER

watts nominal up to 150 volts
AC -'DC) deflects bi -metal to actuate contacts.
(5

Action absolutely noiseless.
4. FACTORY-ADJUSTED SCREW

sets contact spacing for desired
operating time -5 seconds to 8

minutes.

2. CONTACTS

are rated at 6 amperes at 250
volts AC or 45Q volts DC; under
some conditions, s.p.s.t. normally
open or closed.
3. MOVING CONTACT ARM

carried by heated bi -metal is a
preloaded spring, which applies
full contact pressure immediately.

5. COMPENSATING BI -METAL

maintains pre-set contact spacing
and relay timing, regardless of
ambient temperature.
"E" SPRINGS
braced between sturdy ceramic
support and glass tube make assembly shock proof.
6.

HERMETICALLY SEALED in glass envelope, relay is tamper -proof.
fully protected from dust, dirt, corrosion, or contact with outside air,
with operation independent of altitude.
ARC -QUENCHING ATMOSPHERE guarantees absolute minimum of
contact fouling, pitting, or transfer; permits equal AC and DC ratings.

STANDARD RADIO TUBE BASE 4 -pin or octal.

Delay or timing is only one of its many uses
...what can this new Thermal Relay do for you?
IN ADDITION to protecting vacuum tubes by

delaying plate voltage until cathodes are hot,
the Edison Thermal Relay indicates or controls over- and under -current or voltage. It can
do dozens of other jobs better and more cheaply
than any other type of relay.

The Edison Thermal Relay carries relatively heavy AC or DC loads and prevents

THOMAS A. EDISON,

j

Incorporated

Instrument Division, 23 Lakeside Avenue
West Orange, New Jersey
GENTLEMEN:

i

Please send me your Bulletin No. 3007X on the Edison
Thermal Relay.
NAME

Write for detailed
bulletinn #3007x.
descriptive
p

AN

fij

COMPANY
ADDRESS
CITY

chatter when actuated by delicate controls.
The services of Edison engineers are available to assist you in working out your particular problems. A letter giving as much data as
possible on the proposed use will receive prompt
attention. Write Instrument Division, Thomas
A. Edison, Incorporated, 23 Lakeside Avenue..
West Orange, New Jersey.

7ONE NO

]5

CONTROL

STATE

January, 1947
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Light weight, compact, interchangeable power' sources
... small motors that can be mass produced at low cost
are in rapidly growing demand! And Alliance has a
"Head Start" in making millions of small electric motors.

-weight

volts,
plcrnso
many
tura con be used tot
¡t con
that
r e d power."

"tailored

The Model

fills
MSA
motors

the

T the
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to 1120th
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compact
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esin motors
utility

Where

for

from

f

variations
11
conditions
thon

traresulted

Alliance phonomotors drive most of the turntables, record
changers and recorders for the radio -phonograph industry. And Alliance Powr-Pakt Motors rated from less
than 1 -400th h. p. up to -20th h. p. will drive fan
blades, motion displays, projectors and actuate
switches and controls!
1

...

MINIATURE MOTORS THAT
T2
WAKE 'EM

find out how Alliance Motors can help
Write today
to drive your products to market!

WHEN YOU DESIGN -KEEP
MOTORS IN MIND

ALLIANCE
ELECTRONICS

MANUFACTURING

-January,

COMPANY

1947

ALLIANCE, OHIO
61

www.americanradiohistory.com

CASTINGS

.

.. but they were

Now-all the advantages of Monel,
Inconel-available in PRECISION
...

The new INCO Precision Castings
built and
Plant is now in operation
equipped after several years of pilot
plant study, after thousands of experimental castings.

INCO PRECISION CASTINGS
SAVE TIME AND MONEY

3 Broader Use for the INCO Nickel

...

loys

Al-

- The flexibility of design per-

mits the INCO Nickel Alloys to be
used in shapes which frequently
were neither economical nor practical to obtain as sand castings or by
machining from forged stock or
deep forgings.
4 Dependable Source of Supply INCO
handles precision castings as a mass
production process
. you can
count on quick, steady production
from INCO.

Check what this development

means:

- INCO precision castings are com-

monly made to tolerances of -10.003", and frequently to even finer

- In

THE INTERNATIONAL NICKEL COMPANY , INC., 67 Wall Street, New York 5, N.Y.

MONEL*

"K"

MONEL*

"H"

MONEL*

"R"

L

MONEL*

CLUTCH GEAR
Saved complicated

machining. Also

avoided at least one

Perhaps an INCO Nickel Alloy precision
casting is your answer to the need for
faster production...for hardness, greater
protection against stress, corrosion, high
temperatures, wear and fatigue.
Let's go over your job together. Just
send us a blueprint (or an actual sample). We'll be glad to work out all the
information you want.

general, INCO precision castings
eliminate machining or other fabricating operations normally involved
in making parts. This is particularly
noteworthy where the design calls
for intricate features and contours.
INCO precision castings are delivered to you with a sand -blasted finish-and usually that's all the finish -

NICKEL

FUEL PUMP ROTOR
Would require a number of operations on several different machines.
Note grooves on internal surface.

-

Precision Castings of Precision Accuracy

2 A Saving in Time and Money

Nickel and
CASTINGS

ing these castings require before
being assembled into the finished
product.

HERE'S another way to lick tough design problems
precision castings of
Money, Nickel and Inconel.

tolerances.

"machined" in the mold!

ALLOYS
"S"

MONEL*

INCONEL*

NICKEL

sub -assembly, i.e.,
force -fitting, welding
or brazing the projecting key on small
end.

FLIGHT CONTROL
INSTRUMENT COVER
(Cutaway section) Originally machined from bar stock, taking a 9-day
production schedule. Note intricate
recesses and studs in recesses.

Above parts are made of "S" Monet
"L"

NICKEL*

"Z"

NICKEL*

January, 1947
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Collins FM transmitters are fully engineered in every detail. They reflect many
years of successful experience in designing

and manufacturing broadcast transmitters
unexcelled in performance and reliability.
Persons who attended the NAB convention in Chicago were noticeably impressed
with the 732A on exhibition there.
The Collins 732A Ikw
FM Transmitter

What they saw:

-

RELILITY: They saw thorough design in
components i
Overload p

every part of the equipment Oversized
circuits-Personnel protection by means of electrical and mechanical interlocksction-Proper ventilation. This transmitter is as substantial as it looks. Our engi-

11

neerssve the experience and know-how to design long and trouble -free life into radio equipment.
STYLE The modern yet conservative exterior, with its three -tone gray finish, is attractive today and will be ten years from now. The beauty of Collins FM transmitters
extends throughout the equipment. Chassis layout is symmetrical, roomy, and
functional. Vertical construction and hinged chassis design provide utmost
:

accessibility.

What they didn't see:
ORMANCE: They couldn't see the performance characteristics as
actual operation. Measurements show a carrier stability within 200
s. Alstortion is less than 1.0%. The frequency response is
al variation from 50 to 15000 cps. The noise level is at
within 1.0 db
least 65 db below 100% relation.

P

mfrur

t

Write for an illustrated bulletin. And
remember that we can supply your

entire equipment requirements.

FOR BROADCA£T QUALITY, IT'S

..

COLLINS RADIO COMPANY, CEDAR RAPIDS, IOWA
11 West

42nd Street, New York 18, N. Y.

ELECTRONICS-January,

458 South Spring Street, Los Angeles 13, California
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among the
features of
VARNISHED
TUBING PRODUCTS
is...

omeirtass
COMPLETE

ofd/NE

NON -F RAYI NG

IMPREGNATION
FLEXIBILITY

THE use of Dieflex varnished tubings and
sleevings offers a big advantage in production because the correct grade, color, and size
can easily be chosen from the complete line
available. Every piece of Dieflex tubing or sleeving is saturated with oleoresinous impregnating
type baking varnish, and each one has the in-

herent advantages of extreme flexibility, smooth
inside bore, and other excellent electrical and
physical qualities illustrated on this page.
Dieflex tubing products are available with
either a cotton or glass braided sleeving base to
meet every insulating requirement. Available
promptly from stock. Specify "Dieflex" to get
the advantages of this superior tubing product.

DIELECTRIC STRENGTH

DIEFLEX PRODUCTS LIST

GOOD
PUSH -BACK

QUALITY

MADE WITH BRAIDED COTTON
SLEEVING BASE
VTA Grade A-1 Magneto Grade Varnished
Tubings
VTA Grade B-1 Standard Grade Varnished
Tubings
VTA Grades C-1 and C-2 Heavily Coated
Saturated Sleevings
VTA Grade C-3 Lightly Coated Saturated
Sleevings
Heavy Wall Varnished Tubings and Saturated Sleevings

SMOOTH
INSIDE BORE

MADE WITH BRAIDED GLASS
SLEEVING BASE

VTA Grade A-1 Magneto Grade Varnished
Fiberglas Tubings
VTA Grade C-1 Extra Heavily Saturated
Fiberglas Sleevings
VTA Grade C-2 Heavily Saturated Fiberglas
Sleevings
VTA Grade C-3 Lightly Saturated Fiberglas
Sleevings
Silicone -Treated Fiberglas Varnished Tubings and Saturated Sleevings

UNIFORMITY
OF PRODUCT

15FA

Distributed by

INSULATION MANUFACTURERS
CORPORATION

TRI -STATE SUPPLY
CORPORATIONS

INSULATION AND WIRES
INCORPORATED

LOS ANGELES

ST. LOUIS

ATLANTA

DETROIT

BLUEFIELD

BOSTON

NEW YORK

11113111"

CHICAGO
MILWAUKEE

MINNEAPOLIS

DETROIT

PEORIA

CLEVELAND

DAYTON

SAN FRANCISCO
SEATTLE
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PW "FREQUENCY SHIFT"
THE MOST DEPENDABLE RADIO -TELETYPE.

OPERATION

ZZ&«Let4I

7cd4q

TREMENDOUS speeds can be attained by using automatic equipment...
make and
but when the noise level rises and the signal is down, ordinary
break CW operation requires a reduction in receiving speed, otherwise
traffic piles up.
Under the same conditions Frequency Shift literally reaches in and picks
out the signal... despite the noise ...which provides an effective 15 to 20 db
increase in the signal to noise ratio.
teletype
Frequency Shift is the only proven method of transmitting radiochannels,
communication operation. PW is using 12 international radio press
of the
24 hours a day on carrier shift operation handling better than 80%
world-wide news coverage. This volume is made possible because the elimination of misprints and drop -outs common to ON and OFF radio teleprinter
circuits, resulting from amplitude disturbances, are effectively eliminated
when you use Frequency Shift trans-

mission.
PW's Frequency Shift is adaptable to
any present transmitting and receiving
equipment...with slight modification. It
permits ease of transmitter adjustment
assuring higher speeds... makes possible

RADI
C

OMMUN

Moduplex operation and the use of
radio -photo equipment.
For further information concerning
Frequency Shift write Dept. 709 Press
Wireless Mfg., Corp., Executive Offices,
1475 Broadway, New York 18, N.Y., USA
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don't use rectifier

tubes...

BUSINESS BRIEFS
By W. W. MacDONALD

When A New Column Bows it
assumes an attitude that makes it
equally easy for readers to administer a pat on one end or a kick at
the other. We hope Business Briefs
will merit the former, but in any
event comment will be welcome.

IT COSTS LESS

IT'S SMALLER
IT'S LABOR-SAVING

NEW

JIJUUUULP

4SeIetro4 5Mi
Wlllilf

1[mí

MINIATURE

SELEN/UM RECTIFIER
ONE STUD, two quick soldered
connections and it's in! Usually costs less

than the tube and socket it replaces.

Compact-less than 1 cubic inch! Instant
starting, cooler operation and longer life.
Radio Receptor, famous for Seletron
built -on -aluminum selenium rectifiers
now offers this MINIATURE unit to replace rectifier tubes in radio sets, amplifiers and other electronic devices.
Clicks with radio users because it has
no fragile parts ... eliminates rectifier
tube replacements ... helps batteries last
longer. Submit your problems.
Write for details
tad* sw.s

er.

Radio Receptor Co.. Int.. Dope $.13
251 West 19th St., New York 11, N. Y.
Rush me facts on new miniature Seletron
Reatifer.
Nome

Title

Company

-

7
R

City

-- -

SELETRON

R

state

Zone

-

-J

DIVISION

RADIO RECEPTOR CO..Inc.
Since

1922 in Radio and Electronics

251 W. 19th

Y-

It.

New York 11, N.T.

Export Representatives:
Rocke

International, New York

Business Outlook for 1947 is considered good by most electronic
equipment manufacturers contacted just before presstime, provided strikes in basic industries
do not throw a monkey wrench into
the works for everybody. Home
radio makers hedge a little, say
much will depend upon whether or
not the market can be quickly
cleared of the present glut of overpriced small sets.
Major Problems facing management include the inefficiency of
labor and material shortages, two
factors that hike costs and force
factories to run the risk of pricing
themselves out of the market.
There is no certainty, but there
does appear to be some hope of relief on both counts in the first half
of the new year.

e

e

Address

This Monthly Stint stems from a
growing conviction that while
technical material is and always
must be the engineer's bread-andbutter literature it would be profitable for the boys in the back room
to know more about matters of current concern topside, particularly
if they nourish an ambition to
muscle into management.
The plan is to provide this information in capsuled form, and the
following items represent our
breadboard, or subject-to -design change, stab at it.

Surplus Equipment seen on a
swing around several government
warehouses leads us to believe that
the stuff dumped on the market to
date is just a drop in the bucket
compared to what is coming. A
lot of it will go to junkies as scrap
but there is little assurance that
they will break it up.
Gear finding its way into trade

66

channels by any route will probably carry lower prices. Even so,
we will stick our neck out to the
extent of predicting little disturbance of the market for newly
manufactured apparatus because
many ultimate users already have
a cellar full of fancy but not particularly useful gimmicks and will
be more critical of what they buy
from here on out.
Receiver Production broke alltime records in October, with 1,671,000 sets rolling off the lines.
Last -quarter figures are incomplete but it appears that more receivers may have been produced
in 1946 than in 1941, when 13,642,000 were made.
Dollar volume is another story,
and not so rosy despite high prices
because of the preponderance of
small sets. But it is encouraging
to note that production of radio phonograph consoles rose from
105,000 in September to 125,000 in
October and that sets having f -m
facilities moved up from 17,500 in
September to 23,800 in October.

Broadcast Station Equipment
shipped by RMA members in the
first half of 1946, consisting of
transmitters, studio accessories
and antennas, totalled $1,758,573
in value. $395,511 worth was exported.
Of the domestic dollar volume
on transmitters alone 63 percent
was for a -m equipment, 19 for television and 18 for f-m.
F -M Applicants appear to' be
specifying one of nine transmitter
brands at the present time (please
don't ask us which they are!),
with less than two percent indicating that they plan to use composite gear. Manufacturers in a position to ship hot high -gain antennas
with their transmitters are, it
seems, in the driver's seat at the
moment.
Over 90 percent of the paper
work involved in filing an application is done by Washington consultants. How much they influence
January, 1947
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Loop

Antennas
by

qp
1.

IMMEDIATE
DELIVERY

FOR

Standard Loop Antennas
and Built to your Specifications

1.

Multi -band combination loop Antenna and Radio Back.

2.

Broadcast Loop Antenna and radio
back combination with phone jack, outside antenna connection, aligning trimmer.

3.

High Q Loop Antenna, polyethylene

insulated wire.

4.

Basket weave loop Antenna.
Also, I. F. Transformers, All -Wave Osc.
Coils, R. F. Coils, Antenna Coils, and solenoid wound loop antennas

Standard types and to your specifications.

ELECTRIC PRODUCTS CORP.

1057

ELECTRONICS
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SUMMIT AVENUE, JERSEY CITY, NEW JERSEY
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BUSINESS BRIEFS

(continued)

applicants in the selection of
transmitter brands cannot be precisely determined but it is known
to be considerable.

Second Coming of Television,
touched off at the TBA Conference
in October, produced a raft of predictions. Frank Mansfield of Sylvania said 400,000 receivers could
readily be sold in 1947. Ernie Vogel of Farnsworth thinks 750,000
to 1,000,000 would move this year
if the industry could make them.
Merlin Aylesworth estimates there
might be 2,000,000 in use by the
end of 1948. Joe Gerl of Sonora
expects that 25,000,000 will be manufactured in the next decade.

Electronic Heating and diathermy are easily confused, sometimes with unhappy results. Stories about radio interference
caused by medical apparatus are
a dime a dozen and the tendency
is to dump industrial gear into the
same basket. Yet we have heard
of no case in which induction apparatus has been responsible for
widespread racket and know of
only two authenticated instances
in which noise from dielectric
equipment achieved dx.
College Contracts with OSRD
ran into fancy figures during the
war, the take of 25 schools grossing over a million by mid-1945
totalling $335,000,000. Big six,
among the many non -industrials
easily earning their money were
MIT, with approximately $117,000,000 on its books, Cal Tech $83,000,000, Harvard $31,000,000, Columbia
$29,000,000, California $14,000,000 and Johns Hopkins $11,000,000.

Just how much of this work was
electronic we cannot tell, but it is
known that better than 55 percent
of the business placed with industrial contractors by the Office of
Scientific Research and Development was in our field.
British Production Capacity skyrocketed during the war and this
plus plenty of uses for dollar exchange has prompted aggressive
promotion of test equipment and
68
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record players on our shores. Inquiry indicates that consumer interest is considerable, which is
understandable in view of the fact
that in one of ,these categories at
least American manufacturers are
just starting to roll out comparable high -quality gear.
Just how well the visitors will
do when our own first team takes
the field remains to be seen. Meanwhile, welcome brothers.
Army Appropriation for 1947
basic research in all fields is $70,000,000. Navy has earmarked $45,000,000. About 14 percent of the
Navy nut will apparently be spent
with the electronics industry.
Army telleth not.
We have a list of firms to whom
development contracts have already been awarded by both Services but they are naturally chary
about telling who is doing what
and how much.
Ham Licenses totalled 60,000 before the war. Approximately 7,000
more were issued during the shooting. There are about 75,000 now,
and the FCC's hard-pressed personnel has just about caught up
on renewals.
The rate at which new applications are coming in indicates a
total around 100,000 two years
from now. This is considerably
under earlier predictions but it
still represents one whale of a lot
of brass -pounders.

Factory Locations, figured out
for those who have written in and
asked where firms making electronic equipment, accessories and
components are concentrated, are
as follows:
Middle Atlantic States 43.59,
East North Central 29.62, New
England 12.57, Pacific 7.35, West
North Central 3.23, South Atlantic
2.24, East South Central 0.55, West
South Central 0.55, Mountain 0.30.
Salaries paid design and development engineers by 12 eastern
radio and electronic equipment
manufacturers average $5,600.
Production engineers gel; $4,100
and Juniors $3,000.
Attorneys practicing regularly
before the FCC total 140.
ELECTRONICS
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FELSENTHAL

TAKES IT
From Blueprint to Product
As beautiful as a piece of hand -wrought
jewelry, it seemed as though this Tem-

pletone radio dial -escutcheon would
have to be hand -made, if made at all ...
For economy as well as functional beauty
we chose Polystyrene for this injection
molded radio part,
BUT the two-

...

tone effect-gold-colored lettering

-

sharply abutted against a maroon sprayed area seemed impossible to
manufacture by mass production
methods.
Then Felsenthal engineers came up with
a specially -built mask and special paint
that permitted high-speed spraying and
painting-yet left the gold letters clean
and sharp to a hairline. Here is another
case, again illustrating the point: "If
you can lay it out on blueprints, Felsenthal can put it out in plastics."

Est

ttS EN THAI

1899

QIASTICS
Write
TODAY

4122 W. GRAND AVE., CHICAGO 51, ILL.

on

your letterhead

for BOOKLET "3

A"

Branch Offices:

INJECTION MOLDING
FABRICATING

LAMINATING
NEW YORK

DETROIT

KANSAS CITY
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WE MAKE THEM

RUGGED

the terminals
feature two -point fastening!
This Mallory RL Switch, designed for low -power industrial applications, is known throughout the
industry for its durability and dependable performance.
Notice how the terminals are fitted right into the stator-firmly held without rivets or staples. No
chance of their wobbling loose! The terminals, in turn, are solidly built of spring brass material which
is heavily plated with silver. Notice, too, the high lift and flexing
ability of the terminals. That's to provide a self-cleaning action,
insuring better electrical contact.

Contributing still further to rugged design are the stators of this
RL Switch. They're made of heavy phenolic to provide good
insulation and to withstand rough usage. Rotor contact slugs
are of solid coin silver, common ground rings are of brass,
heavily silver-plated: these features combine to assure long life.
The RL Switch offers from 1 to 6 circuits per section with 30
degree indexing-from 1 to 3 circuits per section when 60 degree
indexing is used. RL Specification Sheets will give you more of
the story. Send for them without obligation. Call on our
engineers any time for extra help.
ASK FOR
RL SPECIFICATION SHEETS

Inc.
4 CO.
CO.Inc.P.
P.R.MALLORY
R. MALLORY 8

MALLORY

Printed on thin paper to permit
blueprinting, these sectional draw-

SWITCHtES

(ELECTRONIC, INDUSTRIAL and APPLIANCE)
P. R.

ings indicate standard and

fooptional dimensions-make it easy
ryou to orderproduction samples
built to meat your requirements.

Standard Rl switches are obtainable from your nearest Mallory
Distributor.

MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
January, 1947
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CROSS

TALK
...

SPEED
C. W. Hansell, writing in the Sepprogressive degeneration which has been predicted.
tember "RCA Review", reminds us that the wideband
No one, so it seems, yet knows quite how to build
relays now being readied for television may be used a simple, small equipment for the citizens band with
to transmit facsimile at unheard-of speed. He says high -frequency stability. Lacking it, the band seemed
"it is probable that all the channeling problems of doomed to intolerable interference in heavily populated
the record communications services will be solved or areas. But to bar inexpensive equipment from the
bypassed by the introduction of page -per-frame fac- band would defeat one of the basic purposes for
simile message handling
In television it is nor- which it was set up, widespread public use in servmal practice to transmit 108,000 complete images, or ices not otherwise provided for in the allocation
pages, per hour." If such a system comes to pass, table. The Commissioners are wise in proposing to
the telegram of the future may actually cost less allow ,a reasonably slack frequency tolerance in the
when sent by day, when the coaxial and microwave middle of the band, leaving the band edges for those
relays are not engaged. in networking television and services which can afford crystal -controlled equiphence may be devoted to "record communications." ment and need its more reliable performance.
When will we see the microfilm recorder which
Incidentally, the Commission is guilty of a masterphotographs, in a thirtieth of a second, a single tele- piece of understatement when it proposes that "the
vision frame filled with a dozen "day-rate" tele- transmitting equipment shall be inherently incapable
grams?
of operating at a power input of more than 50 watts"
to the final stage. Very true, very true! In fact you
MOT
A recent visitor has suggested a delight- can make it 15 watts,-and try and get it.
ful phrase for the activity many top-flight engineers
have been engaged in, for better or worse, in the BUSINESS
In this issue, (p.66) Bill Macintroduction of standards and frequencies for f -m Donald, Managing Editor of ELECTRONICS, begins
and television. Upstairs, downstairs, black, white, a new column, "Business Briefs", intended to bring
dolored facts, fancies, and angles. He calls it "stra- to our engineering readers a commentary on the protegic engineering". Maybe our colleges should be duction and distribution trends on which their, and
teaching it. It seems to pay.
our, livelihood depends. There was a time when engineers were not supposed to be interested in such
CITI -BAND
Interest in the citizens radio matters. That was for "management". But engineers
band, 460 to 470 megacycles, has been revived by are, by and large, part of management today, and
the recent release of the FCC proposing tentative even the brand-new engineering graduate has been
rules and regulations to govern the new service. The trained to appreciate that engineering effort must
Commission proposes to divide the band into three be placed along productive channels, if it is to be
parts: 460-462 me for fixed stations with 0.02 per- effective in adding to the common wealth. The new
cent frequency tolerance; 462-468 me for all classes column, like the rest of our magazine, is intended for
of stations, including those with 0.2 frequency per- technical readers, but it has, we think you will agree,
cent tolerance; and 468-470 me for stations with 0.02 a new agreeable flavor. And Mac is just the guy to
percent tolerance. This is a thoroughly constructive serve it, as his many friends in industry testify. He
step, and one which may save the band from the welcomes suggestions.

...

...

...

...
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Two Systems of
COLOR

TELEVISION

A statement of the relative merits of the sequential color system shown by CBS and the

simultaneous system demonstrated by RCA, from the standpoint of performance, required standards, and needed research
DONALD G. FINK

By
in the color
versus black-and -white television controversy has centered on
two color systems, demonstrated by
the Columbia Broadcasting System
and the RCA Laboratories.
The CBS system, which has been
described at length in these pages' '
is a typical example of the sequential method, in which images in the
three primary colors are sent one
after the other on a single r -f carrier. The RCA system, demonstrated recently and briefly described in these pages last month',
is typical of the simultaneous
method, in which images in the
three colors are sent at the same
time on three carriers. The sequential and simultaneous systems have
been referred to as mechanical and
electronic systems respectively but
these are not significant designations, since either system can be
operated electronically.
RECENT INTEREST

In preparation for the FCC hearing on color television which began
December 9th last, the comparative
merits of the two systems were
studied by television specialists on
committees of the Radio Technical
Planning Board and the Radio
Manufacturers Association. This
article is a summary of their findings as revealed at the hearing,
plus observations on economic factors not considered by the RTPB
and RMA groups.
The Two Systems

The sequential system is characterized by the fact that the transmitted signal contains information
about one primary color only at any
instant of time, the three primaries
following one after another.
The cameras thus far used with
this system are of the mechanical
type, i. e., they use a rotating disc
carrying three color filters.

RED

¡COLOR -SELECTIVE

MIRRORS

.

I
L ENS

LENS

1

GREEN

COLOR
CHANNE LS

BLUE

FIG. 1-Beam-splitting camera arrangement for deriving three colored images from
color.selective mirrors. This type of camera can be used in either system, with the
mosaics keyed sequentially or operating simultaneously

In place of the rotating disc,
however, it is possible to employ a
beam -splitting arrangement like
the simultaneous -type camera, and
three photosensitive elements (phototubes or mosaics), each with a
different fixed color filter. The
photosensitive elements may be
keyed on and off in sequence, pro-

ducing a sequential signal without
using moving parts.
In the receiver the signal actuates a single cathode-ray tube in
front of which rotates a synchronous color disc like the one
used at the transmitter. Here,
also, the mechanical disc may be
replaced by three cathode-ray
tubes, each fitted with a fixed color
filter and arranged so that the
images may be projected in register on a viewing screen. The c -r
tubes are in this case keyed on
and off in synchronism with the
studio camera.
The simultaneous system uses
three carriers or sub -carriers. The
image is perceived either by three
cameras, each with a different fixes
color filter and each feeding a
separate channel, or by a beam splitting device, Fig. 1, which
breaks the image into three colored
images, each feeding a separate
phototube or mosaic. In either
event, three signals are generated
simultaneously and are fed through
three separate channels.
At the receiver, the three carriers are received separately either
by employing three separate i-f
amplifiers or by employing wave
filters before the second detector,
January, 1947
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Corresponding elements
of sequential and simultaneous projection receivers. The CBS receiver (below) uses a
single five -inch cathoderay tube with a cup -

shaped filter disc. The
RCA receiver (at left)
employs three separate
three-inch tubes with
projection lenses

and applied to three picture tubes,
each fitted with a different fixed
filter (or using colored phosphors).
The three images are projected on
a screen in register.
The simultaneous system is thus
an electronic one, with elements
like the elements of an electronic
sequential system. The difference
is that in the simultaneous system
all channels are working at once,
rather than one after the other as
in the sequential system.
Different as the two systems may
appear at first glance, they have
many performance characteristics
in common. Both are capable of
rendering the same fidelity of color
transmission, provided that the
same color filters are used in each
system. Both employ approximately the same bandwidth in the ether
spectrum, since the sequential system requires one wide -band carrier
while the simultaneous system uses
three narrower carriers. Both are
capable of about the same broadcast coverage, when operated in the
same region of the spectrum, since
ELECTRONICS-January,
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the separate transmitters of the
simultaneous system can develop
higher power over the narrower
band, but only at the expense of
using three sets of tubes. If all
these tubes are combined (in a ring
oscillator circuit, for example) in
the single transmitter of the sequential system, they can provide
approximately the same power over
the wider band and hence produce
equal signal strength contours.
Picture -Repetition Effects

The two systems display different requirements when the picture repetition effects (flicker, color
break-up and color fringing) are
considered. In the black -and -white
system, the flicker problem has
been attacked by setting the picture
repetition rate at 60 fields per
second (30 frames per second). At
highlight picture brightnesses up
to about 50 foot -lamberts (somewhat brighter than the brightest
television pictures now available to
the public, and high enough to be
received satisfactorily in a well -

lighted room), and when phosphors
having normal decay rates are used,
there is no apparent flicker in the
black -and -white system. At higher
brightnesses there is some doubt
that the 60 -field rate is high
enough but it suffices for foreseeable needs.
In the sequential color system
the flicker problem is complicated
by the fact that the light from one
color field must disappear substantially completely before the next
color filter is positioned before the
c -r tube. This implies the use of
rapid -decay phosphors, and consequently higher apparent flicker. To
overcome this tendency, and to assure smooth blending of the colored
images, it is necessary to transmit
the sequential color images at a
field rate well above 100 per second.
The rate originally adopted by CBS
was 120 fields per second (40 eolor
frames per second), and this was
later raised to 144 fields per second
(48 color frames). Since flicker is
observable at brightnesses of 50
foot -lamberts or better with this

74

rate, some engineers have urged
field rate be set at 180 per
second (60 color frames per
second). In the latter case, the
pictures are sent at three times
the rate of the black -and -white
images, and the bandwidth required
is three times as great. It thus
appears that the sequential system
requires a video bandwidth of from
2.4 to 3 times the black -and -white
figure, for a picture of equal objective resolution.
In the simultaneous system, the
blending of colors is inherent and
a much lower field rate is permissible. In addition, phosphors of
slower decay may be used, and this

that the

Corresponding film pick-up devices in the
two systems. Below: CBS unit uses film
projector (left), a color wheel (center), and
a single image dissector pick-up tube
(right). The RCA equipment (on righthand page) uses a flying-spot raster scanner located below a housing containing a
beam splitter with three multiplier photo tubes

January, 1947-ELECTRONICS
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so accommodated to existing black-

further lowers the flicker threshold
frequency. Thus a rate of 60 fields
per second in a simultaneous system may be expected to give flicker
performance superior to that of a
sequential system operating at 180
fields per second. Each of the three
channels in the simultaneous system would have a bandwidth,` for
pictures of equal resolution, of
60/180 or one third that required
for the sequential system. Under
these conditions the total bandwidth required is the same in the
two systems except that space for
guard bands, to separate the three
channels, must be allowed in the
simultaneous system.
The other picture -repetition effects, color break-up and color
fringing, are basically different in
the two systems. In the simultaneous system, since all colors are
presented continuously, there can
be no color break-up as such, whereas in the sequential system breakup may be caused by movement of
the eyes. Many observers, perhaps
the majority, have a tolerance for
color break-up, and it is not considered a serious factor in any

event. Color fringing, the third
effect, is also not present in the
simultaneous system, but a similar
effect due to lack of register among
the three simultaneous images may
be present. Hence the two systems
are comparable in this respect.
Other Pertinent Factors
A factor of great importance in
the progress of the art is the compatibility of color television
standards with the present black and -white standards. Here the
simultaneous system has a clear advantage. If a simultaneous field
rate of 60 per second is chosen,
the scanning standards of each of
the images are identical to the
black-and -white standards. Hence
the color images may be received,
in black -and -white, on a standard
present-day black -and -white receiver. This is done by using a
frequency converter to tune the
black-and -white receiver to the
green image of the color transmission, which contains nearly all of
the black-and -white values of the

colored image.
The sequential system cannot be

ELECTRONICS -January, 1947

and -white standards. Thus the
choice of the simultaneous system
with a field rate of 60 per second
would greatly ease the transition
from black -and -white to color. Such
a choice implies a total bandwidth
(three simultaneous channels)
somewhat greater than that for at
180 -field sequential system, andl
considerably wider than that for as.
144 -field sequential system, which(
many consider to be adequate:
Here, again, a situation exists
which tends to place the two on a
par. In the sequential system,
since a single channel of fixed
width is employed and all colors are
scanned at the same rate, the same
amount of information is necessarily sent in all three colors.
Stated differently, if the bandwidth
is chosen to accommodate the most
detailed color, green, the same
bandwidth is reserved to transmit
detail in red and blue, despite the
fact that less detail may suffice in
the latter colors.
In the simultaneous system, on
the other hand, the bandwidth provided for each color may be tailored
to meet the detail requirements of
the eye. It is well known in physiological optics that, except at very
high brightness levels, the eye can
resolve much less detail in a blue
image than it can in an identical
green image. Thus it is possible to
restrict the bandwidth for the blue
channel, and possibly to a lesser
extent for the red channel also,
without apparent loss of resolution
in the color picture*. If this is
done, and the extent to which it is
possible has not yet been accurately
determined, the bandwidth required for a simultaneous system
will not exceed, and it may even
be less than that required for a
sequential system of the same resolution, even when guard-band space
is provided in the former system.
Still another question is the
relative ability of the two systems
to pick up images directly from live
subjects. Both systems have been
demonstrated on film and lantern
A similar saving of bandwidth might
scanning the colors at different rates, that
is, allowing more scanning time for green
than for red and blue, but this would introduce serious apparatus problems, particularly with respect to interlacing, color
balance and flicker, and probably is not a
practical procedure.

be achieved in the sequential system by
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slides; no demonstrations have been
given of live pickup with the
simultaneous system. Until the
latter event occurs, conclusions
must be tentative. But it can be
assumed that the register problem
in the live-pickup simultaneous
camera can be solved as satisfactorily as it has been in the receiver,
and it may be expected that the
performance will be about the same
as regards color rendition.
In the sequential camera the
mosaic must be completely discharged at the end of each color
field (every 1/180th second in a
180 -field system) to avoid carryover of one color into the next.
Since the storage time is thus reduced, the sensitivity of the sequential camera must inevitably be
lower than that of the simultaneous
camera, in which mosaic storage
can be employed through the whole
frame interval (comparably, 1/30th
second). Whether or not this will
prove an important advantage to
the simultaneous system depends,
of course, on the extent to which
the producer uses dimly -lit scenes.
The sensitivity of the image orthicon, which may be used in either
color system, is so great that it may
provide sufficient margin to give

adequate performance in the sequential system with any light level
likely to be encountered. Finally, it
must be remembered that a sequential signal can be produced from
a simultaneous camera by keying
the color images in and out in sequence, so, the most sensitive
camera available could be applied
to either system.
The above comparisons are based
on equal resolution, that is, the
same number of resolvable picture
elements in the color picture produced by the two systems. To make
full use of this resolving power,
scanning aberrations must be minimized. Such aberrations are present in both systems.
In the sequential system, the
frame rate is not synchronous with
the 60-cps power source, even when
operated at 180 sequential fields.
Thus hum and spurious fields
within the receiver must be carefully removed by filtering and
shielding. In the 60 -field simultaneous system, on the other hand,
each image is synchronous with
the 60 -cps power source but the
three images must be accurately
registered one over the other on
the camera and on the receiver
viewing screen. It appears that

with the use of a single deflection
generator for all three c- tubes,
and with proper care in aligning
and centering the beams, this effect
may be minimized.
At the receiver one fundamental
difference, and several less fundamental ones, appear in respect to
the picture brightness. The fundamental difference arises in the fact
that in the sequential system there
is only one light source on at a
time, operating sequentially with
different colors, whereas in the
simultaneous system three light
sources operate at once. Hence, all
other factors being equal, the
simultaneous picture will be approximately three times as bright.
Received Picture Brightness

In the equipment thus far shown
the brightness advantage of the
simultaneous receiver is even more
pronounced, because colored phosphors are used. Such phosphors
generate far more light, from a
given accelerating voltage, than
does a white phosphor in conjunction with a colored filter (the average light loss of the colored filters
is from 85 to 90 per cent). However, this is not a fundamental difference, since a sequential signal

Combined membership of the RTPB television panel and color television
subcommittee which prepared evidence for recent FCC hearing.
Seated at far end of table are D. B. Smith, chairman of RTPB Panel 6, and
D. G. Fink, chairman of the subcommittee conducting
color television studies. Others are, seated left to right R. E. Shelby,
NBC; W. E. Bradley, Philco; F. J. Bingley, TBA; Axel Jansen,
Bell Labs; R. B. Dome. GE; Leonard Mautner, DuMont; G. L. Beers, R
CA. Standing, left to right: H. G. Boyle. NA Philips; W. T. Wintringham, Bell Labs; P. J. Larsen. SMPE: P. C. Goldmark, CBS; E. M. Roschke, Zenith;
A. Packard, Colonial; Curtis Plummer, FCC observer;
J. E. Keister. GE; F. R. Norton, Bendix; A. A. MacDonald. Westinghouse;
J. D. Schantz, Farnsworth; Pierre Mertz, Bell Labs; A. N.
Murray, consultant; A. V. Loughran, Hazeltine; A. E. Newlon, Str omberg-Carlson;
H. E. Kallman, Telicon; W. F. Bailey. Hazeltine;
R. D. Kell, RCA; George Town, Stromberg-Carlson; J. D.' Reid, Crosiey;
T. T. Goldsmith. Jr.. DuMont; George P. Adair, FCC chief
engineer, observer; H. G. Miller, Federal
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can be used with three projection
tubes with color phosphors, the
tubes operating in sequence, in
which case the sequential system
would produce a picture one third
as bright as the simultaneous system. But the three-to -one advantage of the simultaneous system
cannot, it seems, be entirely elim-

inated.
The colored phosphors thus far
used do not have equal luminosities
so to secure proper saturation in
the reds, a vernier optical red filter
is added to the red tube. This
limits the overall brightness of the
system to about 50 percent of the
value possible if an equally -luminous red phosphor were available.
Color Rendition

Color filters of the best type

(those covering the widest area on
the color triangle) can be employed
at transmitter and receiver in
either system, so both systems have
the same ability to render color
values. But if color phosphors are
used in the simultaneous receiver
this will be true only if the colors
of the phosphors cover an equally
large and similarly placed area on
the color triangle. Furthermore,
the color produced by the phosphor
must be constant irrespective of
changes in brightness.
Whether or not these requirements can be met is not known,
but in view of the vastly improved
control over phosphor characteristics, only minor losses are to be
expected. Development of phosphors will assure bright projected
pictures in the simultaneous system.
A proposal, affecting color rendition, has been made to reduce the
flicker in the sequential system.
This is to use primary color filters
covering a somewhat smaller area
on the color triangle (so-called low flicker primaries) and having
more nearly equal luminosities.
These have been demonstrated by
CBS and do reduce the flicker on a
144 -frame sequential system so
that it can be used at a brightness
sufficiently high for viewing comfortably in a lighted room. The
low -flicker primaries do not cover
as large a region of the color triangle in the purple region and
hence the rendering of purple tones
ELECTRONICS
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is not as exact as with the standard

primaries.
One final aspect of overall system
performance, relating to r-f propagation, is the relative effect of
multipath transmission. In the
sequential system there is but one
carrier, and the multipath effects
(which are usually frequency -selective in appearance) are present, in effect, only once. In the
simultaneous system there are
three carriers, and the effect of
multipath will be present in three
separate groups of sidebands. Also
since multipath effects depend on
instantaneous carrier phase, and
since the relative phases of the
three carriers may vary, the multipath effects will presumably be different on the three colors. It might
thus appear that multipath effects
would be more serious in a simultaneous system. But such a contention is hard to support without a
thorough field test.
Equipment Comparisons

In general, the sequential system may employ simpler equipment
than the simultaneous, since only
one camera, transmitter, antenna,
receiver, i -f amplifier, and picture
tube are required. The circuits
throughout are wideband and
therefore somewhat more expensive
than a single narrowband circuit,
but there is only one of them.
In the simultaneous system, three
photosensitive surfaces or tubes
are required in the camera each
with associated amplification and
modulation channels. A single
wide -band transmitter modulated
jointly by the carriers or sub -carriers might be used. At the receiver a joint r-f amplifier stage
may be used and even a joint i -f
amplifier. But somewhere in the
receiver, either in the i -f amplifier
or before the second detector, separation of the three carriers must be
performed. Thereafter individual
video amplifiers and separate picture tubes for each color are required. Also, for the present at
least, there seems to be no adequate method of combining the
simultaneous colors except by the
projection method, which implies an
optical system of high aperture and
also requires high intrinsic brilliance on the c -r tubes.

All these factors point to an expensive receiver, compared to a
direct-viewed sequential receiver.
However, the price of a sequential
projection receiver might not be
substantially less than the simultaneous projection receiver, since
the same projection system is required, and the synchronous motor driven filter disk involves costs not
present in the simultaneous equipBeyond these generalizament.
tions it is difficult to predict costs
failing actual production of comparable receivers.
Summary

From the foregoing analysis it
appears that the sequential and
simultaneous systems offer equal
promise in many respects. Both can
provide good color rendition, free
of flicker provided suitable standards are chosen. Such standards
would entail about the same bandwidth requirements and coverage
potentialities. But the inescapable
conclusion is that one system or
the other must be adopted; they
are not compatible with one another.
If a color television system is to
be a logical extension of the blackand -white system, the simultaneous
system offers greater promise, but
the equipment costs of this system
will probably be greater, at least
initially. Perhaps the greatest objection to the simultaneous system,
so far as can be seen at present, is
the difficulty of producing an inexpensive direct -viewing receiver.
Finally there are many questions
which can best be answered by
tests, in the laboratory and in the
field, concerning propagation effects and the ultimate requirements
of picture brightness and associated
flicker phenomena. Coincidentally
with this test program, new devices
can be expected to appear which
will show clearly the relative trend
of costs, which in the long run must
determine the extent to which
either system can be used by the
public.
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Cavity
By HARVEY KEES

and
FAY HEHR'ES
Electronics Research-. Zne:
Evansville,. Ind'

FIG.

1-The final antenna design

for 75 -mc marker -beacon service

The element is tuned to quarter wave resonance by an adjustable
top -loading capacitor.
Flights in Douglas and Beech craft airplanes over the Evansville,
Terre Haute and Indianapolis Zmarkers show the antenna will deliver 3 to 6 millivolts to a 50 -ohm
load at 1,000 feet. Maximums of 55
to 85 millivolts were observed across
a 50-ohm load at 1,000 feet over the
four Indianapolis fan markers.
Development
FIG.

2-The antenna recessed
belly of a DC -3 airplane

into the

At the start of the cavity antenna
development it was arbitrarily decided to try a cavity 18 inches long,
12 inches wide and 4 inches deep. A
number of different element sizes
and shapes were tested in this cavity, until finally a first experimental
design was adopted, having an antenna element 16 inches long and 4
inches wide.
It was desired to use the antenna
with a 50 -ohm concentric transmission line to the receiver, but it was
found that the series impedance at
the base of the antenna element was
in the order of only a few ohms.
Shunt connection to the element

modern aircraft
have complicated the problem of airborne receiving antenna
design.
Conventional open -wire
aerials are not acceptable on many
new airplanes because of their wind
resistance and the accompanying
precipitation static. The purpose
of this article is to describe a recessed or "cavity" antenna designed
to minimize wind resistance, and to
give an account of some of the
problems involved in its development.
SHUNT-FEED
ANTENNA ELEMENT -A
The antenna, Fig. 1, has very lit-CONNECTION
1
tle drag, as can be seen from the
? TOP
LOADING
pa,
CAPACITOR
photograph of Fig. 2, showing it
CAVITY -4
50 -OHM OUTPUT
on the belly of a DC -3 airplane. It
CONNECTOR
CONVENTIONAL SHUNT FEED
was designed primarily for 75 ANTENNA ELEMENT-,
megacycle marker beacon reception,
TOP LOADING
CAPACITOR
and is intended as a replacement for
p l 1
`SHUNT CAPACITOR
`50 -OHM OUTPUT
conventional open -wire half -wave
--CAVITY
CONNECTOR
antennas six feet long.
CAPACITY SHUNT FEED
The antenna is essentially a
shunt -excited element 9 inches long, FIG. 3-Two methods of matching a 50
concentric line to a quarter-wave
mounted in a cavity 3 inches deep ohm
length receiving element. The system
by 6 inches wide and 10 inches long. shown in the lower diagram was used
HIGH-SPEED

'T

78

proved to be a good means of obtaining the required impedance
match.
Figure 3 shows two means of
connecting a 50 -ohm transmission
line to the antenna element. The
upper diagram shows a conven-tionalshunt-feed system at the base
of the antenna, while the lower diagram shows a shunt-feed: connection at the top end of the antenna..
Both systems give the same electri-

-

cal results.

Ground tests indicated that the
experimental antenna had 0.9 times
the voltage gain of a half -wave
dipole. In flight this experimental
antenna performed so well that it
appeared desirable to attempt a.
smaller design, and the antenna pictured here was finally obtained. A
comparison of the experimental
and final -design antennas is interesting.
The volume of the final model
cavity is approximately one -fifth
that of the experimental model.
The bandwidth to the three -to -one
standing-wave ratio points for the
06
0.5

o

FINAL
MODEL

04

EXPERIMENTAL

--

-MODEL

0.3

Z

s
0.2
u~i

0.I

744 746

74.8
FREQUENCY

75

75.2

75.4

75.6

IN MEGACYCLES

FIG. 4-Selectivity curves for an early
experimental model cavity antenna using
a fairly large element and the final compact design
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Aircraft Antenna
A small, shunt-excited receiving element placed within a cavity which can be recessed
into the body of an airplane performs well in 75 -me marker -beacon service and nearly

eliminates wind resistance and precipitation static

FIG.

5-Pattern of the final design at right angles to the line
of flight. The line of flight is into the printed page

latter was approximately 440 kilocycles compared with 120 kilocycles

for the former. Selectivity curves
for the two antennas are given in
Fig. 4. The sensitivity of the
larger experimental model was
twice that of the final design.
The selectivity curves indicate
that the Q of both antennas is very
high. It is so high for the final
antenna that air dielectric capacitors have to be used for top loading, and a capacitor of this type
with a large minimum capacitance
is employed to obtain bandspread
tuning.
Performance

Temperature tests on early models showed a frequency drift of apELECTRONICS

-January,

FIG.

of the final design in the line of flight. Line
of flight indicated by the arrow

6-Pattern

proximately 200 kilocycles over a a garden hose is directed across the
temperature cycle of 100 F to -50 face.
Figures 5 and 6 show the direcF. This drift was reduced to within
characteristics of the final
by
tional
25 kilocycles at 75 megacycles
mounted on a 4 by 8 -foot
antenna,
rotor
bimetallic
a
installation of
plate on the top-loading capacitor. ground plane.
Theoretical considerations indiSome care in the mechanical design of the cavity antenna is neces- cate that cavity antennas act somesary to obtain sufficient stability. what like corner -reflectors in which
However, shake table, temperature, some of the gain is cancelled by reand humidity tests indicate that sistance losses. It appears that the
adequate stability can be obtained main price paid for a reduction in
physical size is a decrease in bandwithout great difficulty.
width. A general conclusion to be
in
the
The bent antenna element
drawn probably is that where large
the
reduce
to
adopted
was
cavity
effects of rain and other extraneous bandwidths are not required, the
material on the face of the antenna. physical size of most conventional
With the design shown, the output antenna systems can be reduced
is reduced approximately one db appreciably-to the point where
when a heavy stream of water from resistance losses become important.
79
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Modern GEIGER-MULLER

COUNTERS
By A. GRAVES
Director of Research
Alltools Ltd.
Brentford, Middlesex, England

recent years the need
for the detection and counting of atomic particles has greatly
increased, in the field of pure physITHIN

ics as well as applied physics. The
greater proportion of this need has
been satisfied by the Geiger -Muller

tube, used with suitable counting
circuits.
When low -intensity sources are
being measured, care is necessary
to ensure that the observed increase
of count, above the background
count, is real and not just a probability variation. For example, if
the average background count is
80 per minute and a count is taken
over 5 minutes, the total is 400
counts. The probable error is
roughly the square root of the number of counts taken and hence is
±20, or ±5 percent. Thus, on a
5 -minute count, any variation cannot justifiably be treated as real
unless it is at least 10 percent
greater than the background measured. (The background may be
5 percent low and the count 5
percent high). For a 20 -minute
count, however, the probable error
drops to 2.5 percent. The longer
the count, the less is the probable
error.
From the above considerations it
might appear desirable to have a
low background count. In general,
however, in reducing the background count we must reduce the
effective area of the counter, and it
therefore responds to a correspondingly smaller number of the particles being counted. In certain
cases, where the solid angle of radiation is limited, a distinct advantage can be obtained by a
smaller effective area and some
form of window. Background

Typical counting apparatus. The G -M tube is mounted in the probe unit at
the right, which plugs into the amplifier and counter

counts as low as 10 (or even 5)
per minute are not at all difficult to
obtain, while still retaining the essential features of the G -M tube.
Tube Theory

All methods of measurement of
radioactivity are based on ionizaation processes, whether the instrument is a Wilson cloud chamber, an
ionization chamber, or a Geiger Muller or similar counter. The
difference in action between the
G -M counter and the others lies in
the fact that the response of the
instrument is equal for all particles
or photons, whereas in the case of
all the others the response is largely
proportional to the energy of the
particle or photon.
The passage of an alpha or beta
particle, or a gamma photon, leads
to the ejection of an electron from
the cathode surface or from a molecule of the gas in the G -M tube.
The liberated electron is drawn to

80

the highly positive anode, colliding
with gas molecules in its path and
thus liberating further electrons.
This process becomes cumulative
and is further added to by the action of photons emitted when the
gas atoms return from excited
states to ground states. The tube is
thus behaving as a triggered amplifier, triggered by the incoming particle or photon.
This so-called avalanche process
must not be allowed to continue indefinitely, and is made to collapse
upon itself either by the admixture
of some suitable polyatomic vapor
such as alcohol, which has a quenching action, or by some external circuit which causes the voltage to
drop below the operating voltage of
the tube.
The ideal G -M tube is one which
signals the passage of all particles
by producing pulses of the shortest
possible duration, and of the minimum amplitude compatible with efJanuary, 1947
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Increased commercial utilization of radioactive isotopes has brought corresponding
improvements in G-M tubes and counting equipment. The circuit of a new combination
mechanical counter and electronic integrator is given

the G -M tube is hastened. While
many tubes are of the self -extinction type, some are designed for
use with extinction circuits. Even
with self -extinction tubes, an extinction circuit is often advantageous.
Circuit Analysis
The negative pulses from the
The circuit of a typical modern G-M tube are taken from the anode
Geiger -Muller counting apparatus of V, and sent through C. and a
is given in Fig. 1. The high -voltage grid resistor R, to the grid of V2.
supply for the G-M tube is obtained Thus, in the absence of a pulse, the
by a voltage -doubling arrangement grid of V2 is held at cathode potenusing two »dry -disc rectifiers and a tial by R, and R,. The arrival of a
smoothing circuit, with a rheostat pulse at the grid cuts off the curin series with the primary winding rent in V2, resulting in a positive
of the power transformer for volt- pulse at the anode of V2.
Cutoff bias for V2 is only about
age control. The bleeder consists
of a suitable meter M, in series with minus 2 volts, and consequently all
a 6-megohm resistor. Since operat- negative pulses of ani litude greater
ing conditions vary from tube to than 2 volts give the same output
tube, this voltmeter is a precaution from the anode. Since the pulse
against damaging the tube by ap- amplitude from a G -M tube (espeplication of too much voltage. The cially when used with an extinction
negative high -voltage supply also circuit) is almost invariably considuses a metal rectifier, and the posi- erably greater than 2 volts, this artive supply uses a type 80 tube in a rangement results in a satisfactory
amplifier limiter.
conventional full -wave circuit.
Tube V. serves different purExtinction tube Vs is in a normal
Neher-Harper circuit. For opti- poses, depending on the position of
mum operation, the bias of Vi is switch S,. The central position of
adjusted by means of
so that S, disconnects this tube entirely,
the tube is just cut off. In this con- blocking the circuit. In both of the
transformer
dition a slight increase of voltage other positions of
of the cathode of the G-M tube, due Ts is in the , circuit. This transto an ionizing particle entering the former feeds a phone jack to protube, causes current to flow in V vide an audible indication of countthus causing the voltage across the ing, useful in determining threstube to fall considerably (due to the hold voltages and in ensuring that
large anode load R3). The effect is no considerable number of counts
cumulative and the extinction of are missed by the multivibrator cir-

ficiency. A tube of such a type will
be able to respond to events separated by 10' second, and should have
an extremely long life as the passage of current has been reduced
to the minimum for each operation.

P

S

cuit due to too high a rate of count.
When Sr is over to the left, V, acts
as a straightforward amplifier
with the grid biased by means of
R2, and R. and with an anode load
Ru. Negative pulses are then fed
through C. to the grid of V, to trigger off the multivibrator circuit
formed by V, and V,.
In the absence of pulses, V, passes
a predetermined current. Power
tube V5 is biased beyond cutoff by
the resistance chain R,, R2,, and
and thus no current flows through
this tube.
When a negative pulse arrives at
the grid of V this causes less current to flow in V, and hence the
anode voltage rises. This rise of
voltage is fed through Ce and R. to
the grid of V,. Thus current commences to flow in Vs, and the drop
of voltage at the anode is fed back
through C, and R., to the grid of V
causing still less current to flow in
this tube and increasing the voltage charge on the anode of V, and
the grid of V6. The whole process
is cumulative and ceases when V.
is cut off. The current through V,
must be sufficient in amplitude and
duration to operate the electromagnetic counter used.
The duration of the current in V.
is largely determined by the time
constant of C R1 and R16 which is
made much shorter than that of
Ce&,. After a count, C, discharges
and the grid
through R. and
potential of V, climbs towards its
original voltage. This initiates

P

R

Modern Geiger -Muller tube as used in physical, industrial, and biological research
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restore the charge on Coo equals the
average current being pumped out
of

Combination integrator and mechanical
counter for use with G -M tubes. Meter at
left indicates rate of count directly, and
meter at right indicates voltage being applied to G -M tube. In between meters is
electromagnetic counter that indicates total
count

cumulative action again, and the
circuit quickly returns to its original stable state with V. on and V,,
cut off.
With this circuit the limit to the
speed of counting is definitely fixed
by the counter itself since the times
required to build up the various
voltage charges around the circuit
are negligible.
When switch S. is over to the
right, the integrator is in the circuit. The high -voltage supply for
V3 is then obtained from point A
on the resistance chain formed by
R. and P6. The anode load of V3
(neglecting R.) is then Css in parallel with one of the resistors R., Roo,
R37, and R..
When Si is over to the right it
also applies high voltage to Vs
through R. and meter M3. The grid
of V. is fed directly from the anode
of V3 (neglecting Ti). When no
pulses are being fed to the grid
of Vs, the current in Vs is determined by the setting of P. and the
potential of the grid (tied to the
anode of V.).
When positive pulses arrive at
the grid of V3, each one causes a
pulse of current through V3. This
current is pumped out of Coo during
the on period of the pulse and the
charge builds up again during the
off period. The rate of buildup is
determined by the value of Cs. and
by the resistance in parallel with it.
If the pulses are sufficiently frequent the grid of V. adjusts itself to
a new steady voltage, the current
pulses being smoothed out by C5,
and R.. The voltage at the grid is
such that the current leaking
through
(or R., R37, or Ras) to

Coo.

This reduction of potential of the
grid causes less current to flow
through Vs and hence through the
meter. The greater the rate of arrival of pulses at the grid of V3, the
greater is the mean current flowing
out of C5, and the greater will be
the voltage drop across R. to allow
this to flow. The current through
Vej which is dependent upon the
grid -to-cathode voltage, will thus be
a measure of the rate of arrival of
pulses at the grid of V3. The meter
in the anode circuit of V. therefore
indicates the counting rate.
Since an increase in the counting rate results in a decrease of
current, the meter reads backwards. The meter used in the apparatus is calibrated from 100 to 0
from left to right, and must be set
to zero (extreme right of scale) before a count is taken.

events, for absolute accuracy none
of these must occur within lsth
second of each other. The randomness of the events reduces the actual rate of counting which can be
measured with accuracy. With one
of the counters mentioned above
the upper limit for accurate counting is about 600 per minute.

Using the Counter

With only the background count
present, P6 is adjusted until the
meter reads zero. When a count is
taken the deflection decreases and,
by comparison with a standard
source, a quick measure of the count
is obtained. It is advisable to get
the same deflection on the meter
in both measurements and compare
the strengths of the two sources by
means of their distances from the
counter. The inverse square law
relates counts to distance.
Switches Ss and S3 give a choice
of eight different sensitivities for
use with different power sources.
The integrator is mpst useful for
fast rates of counting, for under
this condition the efficiency of the
smoothing circuit is greater and
the current pumped out of Coo is
nearer to a continuous flow. For
low counting rates, the needle becomes unsteady and consequently
accuracy is lost.
The apparatus as a whole therefore provides two alternative methods of counting. The time taken to
operate the mechanical counter sets
an upper limit to the counting rates
for which this method can be used.
The highest-speed counter readily
available will count at a rate of 16
per second (960 per minute). Since
a G -M count is a count of random
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Geiger -Muller tube having low background
count as required for x-ray spectrum
analysis

With the integrator, the slowest
rate of counting is dependent upon
the duration of the pulses, the time

constants of the circuits, and the
meter itself. This last factor makes
calculation of the slowest rate rather complicated, but it is of the
order of 100 per minute. There is
thus a good overlap between the
two methods.
The integrator method is, of
course, less accurate than the mechanical counting method. If accurate high-speed counting is required, scaling circuits must be introduced. For the purposes for
which this instrument was designed these were not considered
necessary.
Typical Applications

There are many interesting present-day applications of G-M tubes
and counters. One that is now increasing rapidly in importance is
the measurement of samples and
specimens of radioactive isotopes
produced for sale and distribution.
January, 1947
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radioactive minerals found. An
analogous application is prospecting, not only for uranium ores but
also for other minerals which are
likely to be found in the same formations, such as lead, copper, cobalt, and silver. Conversely, the
presence of any of these ores may
indicate a probability of uranium
ores.
In studying products of the carbon pile, the cyclotron, or other
processes for obtaining synthetic
radioactive materials, one of the
short cuts in routine work is to establish the decay rate or half-life
period of the element or compound
under observation. This means that
a series of counts is taken over a
period of time. The reduction in
the rate of counts indicates the decay rate. A simple result like this
can only be reliable if each disintegration is signalled by a single
pulse of very short duration and
constant amplitude. Of all the instruments available the G -M
counter is the most suitable for the
purpose.

periodic examination of the workers essential. Much of this work is
done in England by the National
Physical Laboratory, Teddington,
using one of the counters described
and some of the G -M tubes shown.
Where an element is found as a
mixture of isotopes, one or more of
which is radioactive, the concentration of a solution containing this
element may be determined with
the aid of a G-M tube and counter.
For example, potassium is found as
a mixture of K s and K40, the latter
being present in the proportion
0.012 percent and emitting a B
ray. It has been found possible to
estimate the strength of K solutions very well by measuring the
B radiation from the solution, using
suitable B -sensitive G -M tubes and
counters and comparing the results
with those obtained from a solution of known concentration.
A G -M counter can be used in
determining the age of the oldest
igneous rocks by an assessment of
the percentage proportion of uranium to its decay products in any

Some very interesting work has
been done in the field of tracer work
recently, apart from such obvious
uses in biologyias tracing processes

in glands, digestive tracts, and the
blood stream. By painting parent
wireworms with a radium varnish,
then following their daily movements and measuring worm concentrations in different areas, much
information can be obtained as to
the habits of these destructive creatures. The same applies to other
migrating insects and pests.
By introducing a radioactive
tracer into a fertilizer and following, over a period of time, the
movement of the tracer, information can be obtained concerning the
precise action of the fertilizer. It
has also been possible recently to
introduce tracers into seeds themselves, which aids the study of
plant growth or of mutations. Hypodermic methods may also be employed.

Danger of contamination by the
radioactive elements used in some
types of luminous paints makes

+300V

MULTIV BRATOR

INTEGRATOR

AMPLIFIER
AMPLIFIER

Rg

RIe

AND

+600

LIMITER

TO +1,500V

10

EXTINCTION TUBE

000

60,000

R11

R4

R9

30,000

0.1
MEG

TI

e

S1

eb
R3
5MEG

3

.

C

.1

-0.002

'2

-

1621

R31

8

0,0

250

> R13

10,000

IQs

S3
R2

R32
.

I

R16

0.1

..

G.M TUBE

R5
12,0

§MEG

R37 R3825,00

..C8
0.1

R6

0.4
MEG

5

6L6

61(6

P

1

C20

8
RI

MEG

R17

4

6F5

6F5

637

0,25

-

I(

.00C

(OV6

S2

C7a05

I

A

5,000

1 c9

060.5

R39

250

COUNTER

MEG

0.4

.50,000

MEG
R15

0.1
MEG

1G2
T25

C12

3,000

25

Pl

T 25

R
1,50023

R24

5,000

85,000

R22

1

64000"
ójq- zapoo

10,000
SÓ000

92,000

R27

9000

T

8

000

-I00V

T4

T2

610

A-C
MR1

8

C

__

B

A -C

-100V

R20

30,000

left, mechanical counting is provided
FIG. 1-Counting circuit providing two alternative methods of counting. With switch Si at the
counting rate is indicated directly on
the
and
integrated
are
right,
pulses
at
the
Si
With
minute.
per
600
counts
to
of
0
range
over a
100 per minute
about
being
for
accuracy
count
minimum
the
with
counting,
a meter for high-speed
ELECTRONICS

-January,

83

1947

www.americanradiohistory.com

RADIO

Installation in Massacre Bay, Attu. Weatherproof receiver housing and its vertical
antenna can be seen near top of buoy. Normally unattended for up to a year at a
time, these buoy lights were turned off by radio during the war upon approach of
enemy ships

By A. F. HOPKINS, JR.
Senior Airways Engineer
Washington, D. C.

Civil Aeronautics Administration

ANRAC is a term coined by the
United States Coast Guard from
the phrase Aids to Navigation
Radio Control. This development,
recently declassified, is a vhf radio

remote control for quickly blacking
out lighted harbor buoys in case
of enemy approach.
Such buoys are equipped with
lanterns illuminated by acetylene
gas or electricity, and normally are
allowed to function, unattended day
and night for approximately twelve
months. Then they are completely
reserviced and made ready for another year of operation. During the
war, buoys and unattended fixed
lighted aids to navigation were
equipped in a number of the larger

and

F. A. B. SMITH
Radio Engineer
Coast Guard
Washington, D. C.
U. S.

harbors on the east and west coasts
of the United States, Aleutians,
Hawaii, Midway, and other Pacific
bases.
Military Requirements

The military requirements for
promptly extinguishing lights on
aids to navigation called for the
application of radio devices under
unusually severe marine conditions.
Specifically, it was required that the
buoy radio equipment including
self-contained battery supply weigh
not over 75 pounds, be easily attached to standard buoys, have sufficient sensitivity to operate reliably
at distances of seven to ten miles
with reasonable transmitter power,

84

and extinguish the lights as soon as
possible. Furthermore, it was important to provide security from
enemy control and from accidental
operation by mechanical shock,
static, or interfering radio signals.
Probably no marine device suffers such complete exposure as a
buoy anchored in deep water. In addition to continuous exposure to
atmospheric elements-sun, wind,
rain, snow, sleet, and ice-the buoy
is constantly buffeted by the sea
and seldom free of salt water spray.
Thus a radio device installed on a
buoy 'must be watertight and corrosion resistant. It must operate
satisfactorily in the heat of direct
rays of the sun and in the cold of
winter, and it must not fail because
of the constant motion of the buoy,
which may become violent in heavy
seas.
A harbor blackout system consisted of one or more control stations located so as to give an effective coverage of the area in which
the lighted buoys were located. The
control station equipment on shore
consisted of a keying device and
vhf transmitter to broadcast the
coded signals. On the buoys were
installed receivers responsive to
these coded signals, and either electric relays or electrically -operated
gas valves (depending on whether
the buoys were lighted by electric
or acetylene lanterns).
Coding System

The heart of the control system
is a torsional -type selective relay
having a permanent -magnet armature retained in a normal position
by a hair spring. Upon application
of pulsed d -c to the field windings,

the armature vibrates rotationally
January, 1947 -ELECTRONICS
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CONTROLLED BUOYS
Acetylene or electric lights on offshore buoys are turned on and off by special receiver
employing frequency -selective torsional relays, in response to signals from vhf shore trans mitter employing two supersonic subcarriers pulsed at different rates

(like a motor reversing itself con- output circuit of a receiver, one
tinually) when the applied pulses being for the ON function and the
have a rate equal to the natural other for the OFF function. For
frequency of the armature. With a security purposes, however, operacurrent change of 1.2 milliamperes, tion of two torsional relays simulthe oscillation reaches sufficient taneously was required to turn the
amplitude in approximately two sec- lights on and one to turn them off,
onds to close a pair of contacts. it being essential to get the lights
momentarily. These contacts are off quickly and highly important
connected in a circuit to operate the that they not be turned on by the
relay or valve controlling the light. enemy. This was accomplished by
Four pulse rates are available for transmitting two subcarriers, each
use in the range 10 to 16 cycles per pulsed at a different rate, the sub second, and the torsional relay will carriers being separated by the rediscriminate between pulse rates as ceiver filters and the pulses by the
close as one cycle per second apart. torsional relays. Normally, audio
Normally, only two torsional re- tones would be used for subcarrier
lays are required, operating in the frequencies, but in this equipment

Impulse keying unit used at shore station

two supersonic frequencies between
20 and 30 kilocycles were used for
added security.
With the two subcarriers trans-

mitted simultaneously at different
pulse rates, a casual listener might
hear only a faint audio beat interrupted at a continually varying rate
as the pulse frequencies went in
and out of phase periodically. These
sounds would be definitely deceptive
to any one attempting to interpret

Radio receiving control of system, with cover opened to show superheterodyne receiver in top compartment, three torsional relays below it, and battery in lower
section
ELECTRONICS

-

the coding aurally.
An important feature of the system is that it is practically immune to false operation by radio
noise and other signals, due to the
double selection feature. Subcarrier frequencies and pulse rates
must be accurately transmitted to
cause the desired operation. Furthermore, the double selection feature provides a large number of
coding combinations which can be
changed readily. As an example, the
signal to turn the lights on might
consist of the radio carrier modulated simultaneously at 22 and 28 kc,
the 22-kc signal being interrupted at
11 cps and the 28-kc signal being in85
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OUTPUT
STAGES
BANDPASS FILTER
FOR SUBGARRIER 10.1

CIRCUIT NO.1
(ON FUNCTION)
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NO.
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IIIIF}
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CIRCUIT N0.2
(OFF FUNCTION)
TORSIONALRELAYS

BANDPASS FILTER
SUBGARRIER NO.2

VARISTORS FOR
SURGE SUPPRESSION

FOR

Special audio output circuit of superheterodyne receiver used on buoy, showing connections for the three torsional relays developed by Wallace and Tiernan Co.

terrupted at 15 cps. The 22 and 28kc subcarriers would be separated
in the receiver by filters and fed
through two rectifying channels to
operate two torsional relays, one
resonant at 11 cps and the other
at 15 cps. Since the output contacts
of the torsional relays were connected in series, it was necessary
for both torsional relays to operate
simultaneously to turn the lights on.

the synchronous motor is switched
over to the internal 60 -cycle source,
which can be adjusted to exact frequency against the meter. This
oscillator contains an unusual circuit which stabilizes the frequency
under conditions of wide variation
in input voltage. This is done as
follows: Plate supply voltage is
fed through a high resistance to the
iron -core oscillator coil. Variations
in plate voltage vary the magnetizing current of this inductor and
thereby its inductance. This causes
a change in frequency opposite that
caused by the direct effect of the
plate voltage variation, and the circuit is adjusted to closely balance
out such change.

Control Station Equipment

The control station equipment
consisted of a 50 -watt vhf communication transmitter conventional in design except for its
modulation capability, which extended up to 30 kc, and an impulse
keying unit. A coaxial -type vertical
antenna was connected to the transmitter through a concentric copper
transmission line. This line was not
pressurized with nitrogen, but instead was equipped with a desiccator which operates with air at
atmospheric pressure.
The impulse keying unit provides
the necessary coding impulses for
the transmitter. Two electron coupled oscillators with permeability -tuned coils generate the two
subcarrier frequencies. A synchronous motor drives four cams
actuating snap -action switches to
provide four interrupting frequencies. A vibrating-reed meter
allows a constant check on the line
frequency.
To provide accurate pulse frequencies, an internal 60 -cycle power
oscillator is included. In case of
deviation beyond one -quarter cycle
in the commercial supply frequency,
.

Code Combinations

'

For the nontechnical operator,
four arbitrarily marked panel
switches allow transmission of any
one of three pre-set ON signals or
the universal oFF signal. Four
switches concealed beneath a removable panel allow setting up any
one of twelve code combinations of
subcarrier and interrupting frequencies for each of the three ON
channels, and any one of eight
combinations for the OFF channel.
This system provides the means for
dividing the buoys in a given control area into three groups which
can be turned ON individually as
desired, leaving the remaining
groups unlighted. However, the OFF
signal extinguishes all three groups
at once, thus meeting the military
requirement for quick blackout in
emergency. All control station
equipment, except the antenna, was

"86

installed in duplicate for reliability.
The buoy receiving control is a
unit complete with a quarter -wave
antenna, receiver, and dry battery.
The receiver is a conventional
superheterodyne design with a special audio output circuit incorporating the torsional selective relays.
In order to obtain extended operation between battery changes, a low drain electric motor -driven timer
turns the receiver on for five seconds every two minutes. Thus the
battery supplies plate and filament
power only thirty hours per month
on an intermittent basis. The timer
motor draws an average current of
two milliamperes at 71/2 volts. The
nominal receiver sensitivity is 10
microvolts with fresh batteries and
50 microvolts with batteries at cutoff. Low -drain tubes are used to
obtain maximum battery life.
Control Relay on Buoy

The control relay for operation
of the electric buoy is separately
contained in a waterproof box and
attached to the buoy in a suitable
location to control the lighting circuit. Because of the intermittent
contact afforded by the torsional
relays and the necessity for conserving battery power, the control
relay had to be latching as well as
low-drain. This relay is a magnetic
holding type requiring approximately 25 ma at 18 volts applied to
either of two coils as needed to
open or close the main contacts.
An electrically-operated gas valve
was designed for attachment to the
flasher and burner assembly in the
lantern of acetylene buoys. This
acetylene relay is a mechanical
latching type.
Other Applications

Applications of the system are
being extended to the control of
other unattended aids to navigation
not required in operation continuously, such as fog horns and electric bell strikers. By eliminating
the security features, the coding
system can be simplified and a
larger number of control functions
are feasible.
The proven reliability of the system of remote control described here
and its simplicity of operation may
well be considered in future applications of radio remote control.
January, 1947
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Constant -Gain
Knock Pickup Amplifier
Cathode-follower input, special feedback circuit, and simplified phase inverter stage
provide flat frequency response from 8 to 20,000 cycles with a gain of 160,000 for
portrayal of knock patterns of internal combustion engines on a cathode-ray oscilloscope

By RICHARD P. KREBS and THOMAS DALLAS
Aircraft Engine Research Laboratory
Cleveland, Ohio

THE VISUAL DETECTION

of

knock

in an internal-combustion engine by means of a piezoelectric
crystal pickup, cathode-ray oscilloscope, and associated amplifier
has been used extensively in fuel
rating and engine testing.'" If
quantitative measurements of the
severity of the knock are to be
made, however, one of thé first requirements of the system is an
amplifier whose gain is constant
over a wide range of frequencies,
independent of line voltage.
As. a first step in quantitative

the
measurements,
detonation
amplifier herein described was built
at the Cleveland laboratory of the
National Advisory Committee for
Aeronautics. This amplifier has a
high -impedance input, flat frequency response from 8 to 20,000
cycles, a gain of 160,000, and sufficient voltage output to drive a
5 -inch cathode-ray tube. The circuit is given in Fig. 1.

response from 8 to 20,000 cycles per
second, flat to within ±10 percent.
Resistance - capacitance coupled
amplifiers are used for the two
amplifying sections. To obtain
constant gain and to aid the frequency response, plate -to -cathode
negative feedback is employed in
the first amplifying section (two

filament voltages, the cathode follower has an input resistance of at
least 50 megohms; moreover, it has
reasonably constant gain under line
voltage variation.
The wide range of frequencies
covered by the combined knock and
pressure waves makes it necessary
to have an overall frequency
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The input section of the amplifier
is a cathode -follower tube, which is

an impedance transformer. In reproducing cylinder pressures good
fidelity demands a long time constant for the input circuit'' Under
operation at reduced plate and
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FIG. 1-Circuit diagram of constant -gain knock -pickup amplifier
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6SJ7 tubes) and in the second
amplifying section (a 6SJ7 tube
and a 6V6 tube). The amplifier
gain is controlled by changing the
amount of feedback in these sections by means of five -position
switches to give the following ten
different gains

(3

:

Switch
Position

Section

Gain
1

Section 2

1

10

200

3
4

25

240

60
150
400

300

5

400

In the above table, the gain of the
cathode -follower tube is included in
Section 1 and the gain of the inverter tube is included in Section 2.
The values of the five resistors connected to each step switch are
chosen to give the specified section
gains. The overall gain, which is
the product of that for the two
sections, therefore ranges from
2,000 to 160,000 in 25 steps.

EGA, FOR ei ALONE:
el

-

(R14,uR3.r3)I
E0.5, FOR 22 ALONE:

pa,

-

(R1'MR3.rD)

\I RY Ra m2 OR,

FIG. 2-Alternating-current functional diagram for two -stage amplifier with feedback

R3

R2

Ri

Ei

From the standpoint of keeping
R3
the hum level at a minimum in a
Ra
two -tube resistance -coupled ampliEz
fier with plate-to -cathode negative
R
feedback as in Fig. 2, it can be
An.
demonstrated that reducing R4
rather than increasing R3 is the FIG. 3-Alternating-current functional diapreferable method of reducing gain.
gram for stabilized inverter system
The output from the two tubes may
be considered as resulting from
three voltages : the signal e, and
In the analysis, for simplicity,
the hum e1 and e, developed in the the signal voltage may be considplate circuits of the two tubes. The ered zero and the effects of e, and
basic equations are
e, studied separately. Assume that
p. + 1 = p. and that R3< <R4.
R3(ii + i3)] =
/2 [e.
The
ii(RI + R3 + r3) + i3R3
output for ei alone is then given by
(1)
e2 + µ(el - i1R1)
=
Eq. 4 in Fig. 2, and the output for
í2(R2 + r3)
i3rn
(2)
e, alone is given by Eq. 5 in Fig. 2.
e2 = - i2R2 + i3R3 + i3R4 + i1R3
The following table presents the
(3)
where µ is the amplification factor left-hand side of Eq. 4 and 5 for
and r3 is the plate resistance of the four different values of R3 and cortube.
responding values of R4:
Representative values for two
Ra
R4
Gain
Gain
6SJ7 tubes are = 800, r3 = 1,000,- (ohms)
(ohms)
for el
for re
100
9,900
1.12
0.015
000 ohms, ß = 0.01, and R1 = R. =
500
49,501,0
1.63
0.022
99,00-0
2.12
100,000 ohms, where ß is R,/(R3 + 1.000
0.028
3,000
297,000
3.94
0.051
R4), the negative feedback factor.
The
table
shows that the smaller
The gain for the signal voltage e,
may be considered constant if ß is R1 is made (keeping ß constant),
held fixed, regardless of the abso- the smaller the components of e,
lute values of R3 and R4, because a and e, will be in the output.
reduction in gain of the amplifier
Simplified Phase Inverter
without feedback of 67 percent reThe usual method of obtaining
sults in a change of gain of only phase inversion in a resistance
5 percent with feedback.
coupled amplifier having a driver

e

e1

I

V2

R.
ß _

R3

+

Rs

(6)

R4
R3 R4

+ R4
R4 R5

Also, let m

-

+ Rs
R4 R5
R3+R4+Rs
R4

r

i1

E2
E1

µ?R1+R2GI+1)

(8)
ry+R2(µ+1)+R1(µß+1)
If µ> >1 and µ ß> >1, and the

gain without feedback x = R, g,,,,
where g, = µ/r then Eq. 8 reduces
to

mRi+R2

E2
Ei

R2

+

ßR2

+1

(9)

gm

If through the use of a cathode
capacitor R2 = 0, Eq. 9 becomes
E2_
Ei

am

1+aß

(10)

The condition for perfect phase
inversion can be established from
Eq. 9 or 10 by letting E2 = E,, or

m=ß+1a

(11)

Since Eq. 11 comes directly from
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(7)

The following equation is written
from the equivalent circuit of V2 in
Fig. 3, in which /2 is the amplification factor and
the plate resistance of V, and other values are
as indicated in the circuit:

-

84

R4

+

R3

R1

-

-

> > R, and R3 > > R,

The negative feedback voltage will
be ßE2, where

0

Feedback in Amplifier

J'M2

(Ri.MR3 r°) 1°/R2

eY'Rz'2
e2

I.R-°.R-°-°
z
a

and an output tube is to use an
additional driver tube and output
tube for the inverter circuit and to
supply part of the voltage from the
grid of the first output tube to this
driver grid. Because of the feedback, the hum -to -signal ratio is
lower at the plate of the first output
tube than at the grid, and as a
result, the inverter phase will have
a higher hum -to-signal ratio than
the original output tube. Since the
increased hum was objectionable
for the inverter section, a new circuit was developed for this application. Although it has only one tube,
the highly necessary constant-gain
feature derived from negative feedback is still obtained.
In the simplified version of this
inverter circuit, shown in Fig. 3, let

-

ELECTRONICS

Eq. 9, perfect inversion is independent of R,. However, the use
of R, gives additional stability and

minimizes mismatch between V,
and V,.
Representative values for the
two 6V6 tubes of this phase -inverter application; using a plate
voltage of 250 -and a current of 20
milliamperes, are R, = 10,000,
375, µ = 240, R, = 500,
90,000, a = 26.7, and R4 =
1,000,000.
Also, with ß = from Eq. 11 and
7, it is found that m = 0.371, R, =
0.797 megohm, and R. = 0.888 megohm. A check on the usefulness

=

1/g,n

r, =

and accuracy of the various equations can be made by substitution
of these representative values. The
values obtained for the ratio E,/E,
are 0.990 with Eq. 8, 0.988 with Eq.
8 (R, = 0), 1.000 with Eq. 9, and
1.000 with Eq. 10. Inasmuch as
the variation of the ratio is about
1 percent, the use of the simplest
expression (Eq. 10) for calculation
of the voltage ratio E,/E, is adequate. This likewise demonstrates
the adequacy of Eq. 11, which comes
directly from Eq. 10, as the determining condition for perfect
phase inversion.

LO

_

be- ..1116s

100

50

b 0.8
+

É
ti

25

0.6

w
W

Io

0.4
O

02

0.4
VALUE

08

06
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200,000

The above application demon-

strates that odd values of R. and
R. result from the application of
Eq. 11. Since aß> >1, Eq. 11 can
be modified to give the simple re-

sult, that
m

= ß or R, = R,

(12)

In compliance with this result, if
the grid network (R,, R4, and R,)
is simplified to three 1-megohm resistors, ß and m become and the
voltage E, is only 10 percent less
than E,.
Inversion Efficiency
Figure 4 shows the variation of

4. If ß is
divided by the value of E,/El taken
from the curve, the result is m for
perfect phase inversion.
The minimum input signal of 1
millivolt made imperative an
equivalent input background noise
less than 100 microvolts. Hum
in the amplifier was greatly reduced by insulating the transformer shell from the chassis with
Bakelite strips, by using a filament
potentiometer, by shielding the
input stage, and by using negative
feedback.

propriate curve of Fig.

Overall Gain

the inversion efficiency E,/E, with
Figure 5 gives the overall gain
the feedback factor ß, which is the
the amplifier for different posiof
condition established by Eq. 12. The
tions
of the feedback control
data for the curves were obtained
The amplifier frequency switches.
from Eq. 10, which is valid only if
are flat
characteristics
response
µ is greater than approximately 40
from
8 to 20,000
±10
percent
within
and r, is large compared to R,. Besecond. The amplifier
cause the maximum practical value cycles per
down to 2
satisfactorily
operates
of ß is of the order of 0.5, these
and
up
to 70,000
second
cycles
per
curves indicate that a should be
cycles
per
second.
greater than 20 before Eq. 10 is
Except for the highest gain of
used.
160,000, overloading of the ampliFigure 4 may also be used to
at output
calculate m for perfect phase in- fier is not evidenced
rms
or 560
up
200
volts
voltages
to
version if a is known. If ß is
-to
-peak.
volts
peak
chosen arbitrarily the ratio E,/E,
For all settings of the feedback
with m = ß is found from the apcontrols, the gain increases about
percent for every 1 percent increase
FIG. 4
Measure of inversion ef- in line voltage. It is assumed that
ficiency E,/E, as a function of ß for various the increase in gain with increase
values of a. when m = ß, tube amplifica- in line voltage is a result of the
tion factor µ is greater than 40, and plate
change in characteristics of the
resistance r is large compared with load
first cathode -follower tube. This
resistance R1
tube operates at a low filament
voltage in a region where small
changes in filament heating power
FIG. 5-Amplifier gain as function of frewill greatly affect the mutual conquency for various positions of feedback ductance of the tube.
controls is shown graphically below
The hum and background noise
in the amplifier is very low, varying
from an equivalent input signal of
I24 microvolts at the minimum gain
SETTING .400x400
of 2,500 to 17 microvolts when the
gain is 160,000.

-
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OVERMODULATION

Without Sideband Splatter
By adding this balanced-modulation circuit to an a -m phone transmitter, modulation in
excess of 100 percent can be produced without causing adjacent -channel interference.
The technique permits communication modulators to operate at high average level

t

t

COMPONENTS

l

i

i

RESULTANT
(A)

t

1

1

1

COMPONENTS

Peak Limiting and Volume Compression

i
RESULTANT
1

9o

(80

270

369°

03)

FIG. 1-Vector diagrams for (A) 100 -percent amplitude modulation with carrier and
(B) 100 -percent modulation with fully suppressed carrier show that the resultant
signal in the latter case reverses phase as a consequence of the modulation
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nents.
For radiophone service
where intelligibility rather than
fidelity is important, the system
makes possible a saving in total
primary power consumption and in
class -C amplifier tube capacity for
a given sideband power output.
This advantage is obtained even
though the bandwidth required for
transmission is maintained at the
absolute minimum.

OPERATING an amplitude -modulated radiotelephone transmitter
in communications or broadcast
service it is always desirable to
keep the average percentage of
modulation as high as possible in
order to increase the energy in the
intelligence-bearing sidebands. In
this way a louder -sounding and
hence more reliable signal is delivered to the receiver. However,
the average percentage of modulation may only be increased until
overmodulation begins to occur on
the program peaks, for the waveform distortion caused by overmodulation clipping is rich in
harmonics, and the corresponding
sidebands spilling over into adjacent channels may interfere with
adjacent -channel services. Yet in
the case of speech, when the gain
is adjusted to prevent overmodulation on peaks, it is found that the
average percentage of modulation
'is distressingly low.

The circuit described in this
article offers a simple means of
increasing the average percentage
of modulation of amplitude -modulated phone transmitters above 100

percent without causing adjacent channel interference due to side band splatter. Accompanying this
increase in modulation percentage
is a certain amount of distortion
which will be noticed in receivers
tuned to such a signal. However,
it is unlikely that this distortion,
occurring as it does only on peaks,
will degrade speech intelligibility
appreciably unless the percentage
of modulation exceeds 100 by a very
large amount.
The circuit can be readily incorporated in existing plate -modulated phone transmitters, both
single -ended and push-pull, having
more audio power available than
that required for 100 -percent
modulation. Installation of the circuit requires relatively few compo-
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Various ways of increasing the
average percentage of modulation
have been suggested. One method
is to alter the dynamic range of
the original program material in
such a way that the weak passages
are made louder and the loud passages made weaker; known as
volume
compression.
Another
method is to introduce peak limiting devices which limit the maximum possible excursion of the
audio signal fed to the transmitter.
The two systems will increase both
the average percentage of modulation and the intelligibility of a
signal, at the expense of a certain
amount of naturalness which is lost
when excessive compression of the
dynamic range or distortion due to
clipping occurs.
In the case of the peak chopper,
there is the disadvantage that the
clipped waveform, if allowed to
modulate the transmitter directly,
contains harmonics capable of causing just about as much adjacentchannel interference as if the
clipping had been caused by over modulation itself. If these harmonics are removed by a low-pass
filter, the waveform is no longer
clipped at a fixed level, and overmodulation is no longer prevented.
Jimuary, 1947
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Where splatter and adjacent -channel interference must be avoided,
it is clear that peak chopping is
not particularly practical.
If proper care is taken in their
design, peak -actuated volume compressors can be made to prevent
overmodulation on
momentary
peaks, without perceptibly increasing the bandwidth of the audio
signal as a result of the distortion
which occurs during the transient
changes in gain. The only limit to
the advantages to be derived from
their use as a means for increasing
the average percentage of modulation is the loss in naturalnessintelligibilityand eventually
which results when weak sounds
are amplified much more than loud
sounds (unless, of course, a proportionate volume expansion is
introduced at the receiver, but such
systems of communications where
volume expansion at the receiver is
possible will not be considered in

Experimental class-C balanced modulator used to produce modulation greater than
100 percent employed an HIC -154 of about 50 watts plate dissipation for the modulator
and an HIC -54 of about 25 watts plate dissipation for the suppressor. A typical modulation envelope is shown on the oscilloscope. Circuit is shown in Fig. 3

Another method of increasing volume compression, makes possible
the average percentage of modula- a still further increase in intelligition of an amplitude -modulated bility over that obtainable by
radiophone transmitter, which in means of volume compression alone.
Briefly, the proposed system
effect allows the percentage of
modulation to exceed 100 without allows the ratio of sideband to
causing any adjacent -channel splat- carrier power to exceed one-half
ter whatsoever, is to increase the (the condition corresponding to
power in the sidebands beyond the 100 -percent modulation) without
level produced by 100 -percent mod- permitting any distortion of the
ulation. It will be seen that this sidebands to occur. This condition
method, used in conjunction with of operation might be called

this article).
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"double sideband reduced carrier,"
which would be analogous to the
"single sideband reduced carrier"
systems now in widespread commercial use.
Figure lA shows the familiar
vector diagram of an amplitude modulated wave, 100 -percent modulated. Figure 1B shows the same
wave with the carrier removed but
with the sidebands unchanged. It
is possible to remove the carrier
without altering the sidebands in
any way; then, because the side bands have suffered no distortion,
there can be no splatter. Figure
1B could, for example, represent
the double sideband output of a
balanced modulator in which the
carrier had been suppressed.
It is important to note that the
resultant of a pair of a -m sidebands
taken by themselves is a wave of
the same frequency as the carrier,
but changing in amplitude and also
in phase, as shown in Fig. 1B.
During the positive half of the
audio-frequency modulating cycle,
the resultant varies from zero to
a maximum and back again ; during the negative half cycle, the
resultant follows a similar change
in amplitude but with the phase of
the carrier voltage reversed. This
change in phase may be considered
to be part of the normal a -m modulating action. When the resultant
of the two sidebands is in phase
with the carrier, we have phase
addition and upward modulation ;
when the resultant is 180 degrees
out of phase, we have phase cancellation and downward modulation.

If one class -C amplifier is excited

between the two cases lies in the
method of connecting the supply
voltages to the two class -C amplifier stages.
We are accustomed to think of
balanced modulators as consisting
of identical tubes or rectifying elements, which is, of course, the normal arrangement when doublesideband carrierless output is desired. But there is no reason why
the carrier must be completely
suppressed; it can, in fact, be
present in any desired amount
without disturbing or distorting
the sidebands in any way. In order
to make our balanced modulator
produce double-sideband reduced carrier signals, it is only necessary
to insert d -c in the desired amount
by means of the B -supply. In fact,
for a given modulator a -c voltage
output, which fixes the amplitude of
the sidebands, we can make the
ratio of sideband-to-carrier voltage
(and also the percentage modulation) in the final r -f wave anything
we would like-from something
much less than one up to infinityby simply adjusting the amount of
injected d -c and thus setting the
amplitude of the carrier.

by a radio -frequency voltage 180
degrees out of phase with the excitation fed to the other, and both
amplifiers work into a common output, we have the required condition
of operation. The basic circuit is
shown in Fig. 2A.
The portion of the circuit drawn
in with a solid line is simply

a conventional grid -neutralized
single -ended
class -C
amplifier
stage. The portion drawn with a
dotted line represents the additional equipment needed to convert
this stage into a double-sideband
generator. For the moment, we
will assume that the B -supply is
shorted. It will be seen that tube
1 will produce r -f output during the
positive half cycles of modulation,
while tube 2 will produce r -f output
of the opposite phase during the
negative half cycles. If the output
of the two tubes is properly balanced we will have the desired
double-sideband output.
It will be noted that this circuit
is nothing more than a species of
balanced modulator. If the modulation transformer had
been
provided with a center -tapped
secondary, and if the center -tap of
Need for Balancing the Modulator
this winding had been bypassed to
ground and the ends connected
Of course, when a carrier is
through shunt -feed r -f chokes to added to the sidebands in this way,
the plates of the class -C amplifier the tube supplying the carrier will
stages, the circuit would have been handle more power than its mate,
recognized at once as one of the which is called upon only to supply
standard variations of a balanced sideband energy. In the application
modulator. The only real difference of the circuit of Fig. 2A to over -

Modulator Circuit

If we cause the amplitude and
phase of a radio -frequency wave of
the carrier frequency to vary in
the same manner as the resultant of
the two sidebands discussed in the
preceding paragraph, we will have
a means for producing a doublesideband carrierless signal. In
practice this can be done in the
following way. Two class -C amplifiers are fed from the same modulator in such a way that one
produces output during positive
half cycles of the modulating
voltage, while the other produces
output during negative half cycles.

e

BLOCKING
CAPACITOR
SUPPRESSOR
TUBE
R

o

-F

CHOKE

J
R

R

-F

CHOKE

-F

IN

R

-F

BYPASS

MODULATOR AND

B-

SUPPLY

-

FIG. 3-Addition of splatter suppression circuit to push-pull modulated amplifier can
be done simply. Balancing controls are not shown; see Fig. 2B
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modulation splatter suppression,
tube 2 will not, in general, be identical to tube 1, and consequently
it is of interest to consider how a
modulator consisting of two dissimilar tubes can be brought into
balance. The circuit of Fig. 2A
lends itself nicely to a consideration
of balanced modulator operation in
terms of familiar class -C amplifier
concepts.
The curve of r-f output voltage
versus plate voltage for a class-C
amplifier stage is very nearly a
straight line beginning at the origin and possessing a slope slightly
less than unity. This characteristic
comes about because the peak r-f
voltage across the tank circuit of
an adequately excited class -C
amplifier is always very nearly
equal to the plate supply voltage.
The difference between these two
voltages is, of course, the voltage
required to draw the pulse of plate
current through the tube. The
magnitude of this voltage difference, assuming constant plate load
impedance, is controlled to a first
approximation by two factors-the
angle of plate current flow and the
amplitude of the grid driving
voltage. Increasing either, within
limits, will tend to increase the
amplitude of the fundamental-frequency component of the plate current pulse, and thus increase the
voltage drop at fundamental frequency across the tuned plate tank
circuit.
The amount by which the slope
of the r -f output voltage versus
plate voltage curve is less than
unity is roughly proportional to the
magnitude of the instantaneous
plate voltage required to draw the
plate current pulse, and this magnitude is dependent on the angle of
plate current flow and the amplitude of the grid driving voltage.
Consequently, if we have two classC amplifiers whose r -f output versus plate voltage curves we wish to
match, or stating it another way,
whose slopes we wish to make
equal, to a first approximation it is
only necessary to vary the grid
bias or the driving voltage of one
amplifier until its performance
matches the other. This equality is
the condition we wish to achieve in

12
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4-Average power input to suppressor
tube is shown as a function of degrees of
sinewave modulation

FIG.

the balanced modulator of Fig. 2A.
Modulating voltages of from zero
to maximum positive should produce r-f outputs of exactly the
same magnitude from one amplifier
tube as modulating voltages from
zero to maximum negative produce
from the other.
Another, somewhat more wasteful way of accomplishing the same
result would be to add resistance
in series with the supply voltage
lead of whichever class -C tube is
found by experiment to have the
r-f output versus plate voltage
curve of greater slope.
However, matching the slopes of
the output curves does not guarantee that the two class -C amplifier
tubes will then each present exactly
the same load impedance to the
modulator. It is entirely possible
that the two tubes may produee
equal r-f outputs at the same magnitude of d -c plate voltage, but at
the same time draw differing d -c
plate currents. The modulator will
then be working into one value of
load impedance during positive half
cycles, and another during negative
half cycles. Unless the effective
output impedance of the modulator
has been reduced by some means
(such as negative feedback) to a
very low value, positive and negative half -cycles of output voltage
will have differing amplitudes and
distortion will result.
Method of Producing Balance

A difference in load resistances
can easily be eliminated by measuring the d -c voltage -current ratios
of the two class-C tubes at a given
plate voltage, and then in effect

ELECTRONICS-January, 1947

connecting a resistance in shunt
with the plate supply leads of that
tube having the higher ratio. The
added resistance should be of a
value such that the parallel combination of this resistance and its
associated class -C amplifier presents the same load resistance to
the modulator as the other class -C
tube considered alone.
In the case of the double side band generator circuit that we have
been discussing, both tubes are
effectively connected across the
output of the modulator at all
times ; consequently the equalizing
resistance must be connected to the
circuit through a diode in such a
way that this resistance is effectively present in the circuit only
during positive or negative half
cycles of modulation, as the situation may require.
Figure 2B is similar to Fig. 2A
but with various balancing controls
included, Resistors R, and R. are,
of course, the grid leak resistors
normally present in the circuit.
(Use of grid leak bias is desirable
from the standpoint of improving
the linearity of the modulation
characteristic.) Resistors R. and
R. represent two alternative points
of connection of amplitude balance
controls. Resistor R. illustrates a
way of connecting the load impedance balancing resistor. It should
be emphasized that both R. and R.
will not be needed. Only one resistor will be required, once the
proper point of connection has been
determined.
So far nothing has been said
about the effect of the double side band generator tube on the neutralization of the original class -C
amplifier. Inspection of Fig. 2A
will show that if tube 2 has the
same grid -plate capacitance as
tube 1, the tubes will neutralize
each other and no neutralizing capacitor such as the one shown will
be needed. If the effective grid plate capacitances are not exactly
equal, as will almost invariably be
the case when stray circuit capacitances are taken into account, a
neutralizing capacitor may have to
be connected between the plate
leads, which are in parallel for r-f,
and the grid of one tube or the
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signed that their reactance at the
operating frequency is very low
compared to the equivalent shunt
resistance of the grids of the two
tubes at the positive peak of the
grid driving cycle. Yet the reactance of these capacitors at the highest modulating frequency should be
equal to at least twice the resistance
of the grid leaks (neglecting, in the
interests of simplicity, the effect of
the r-f chokes), for good linearity
of modulation.
In view of the extremely low
shunt resistance which the grids
may represent when driven well
into the positive region of operation, it may not always be possible
to prevent a certain amount of
phase shift in the coupling circuits.
If the two tubes are dissimilar,
with differing grid driving requirements and differing grid impedance characteristics, the phase
shifts in the two grid circuits may
not be the same and the two tubes
may not be driven exactly 180 degrees out of phase.
Unfortunately, the phase of the
voltage in the grid circuits at the
positive crests of the grid driving
cycle directly determines the phase
of the steady-state r-f voltage
across the common plate tank circuit. The remedy is to equalize
the time constants of the two grid
circuits at the crest of the driving
cycles, which can be done by varying the capacitance of one or the
FIG. 5-Oscillograms show various degrees
other of the coupling capacitors or
of modulation, including overmodulation,
by connecting a low resistance in
obtained with the suppressor circuit
series with the grid of whichever
other in order to make the neutral- tube displays the lowest grid impedance at the positive crest of its
ization perfect.
The circuit of Fig. 2A is correct driving cycle.
Fortunately, in most practical
when the effective grid-plate capacitance of tube 2 is less than that cases the phase shift through the
of tube 1. For the reverse situa- coupling capacitors will be neglition, the plate connection of the gible; phase correction in the grid
neutralizing capacitor remains the circuit will only be found to be
same, while the grid connection necessary in the case of low-carriershould be made to the grid of tube 1. frequency, high-fidelity transmitters when widely dissimilar tubes
Phase Shift in Grid Circuits
are used.
A word needs to be said at this
Exactness of balance, both as repoint concerning the possibility of gards phase shift and relative amundesirable phase shift in the grid plitude, can be easily checked by
circuits of the two class -C ampli- applying equal d -c plate voltages to
fier tubes. Referring to Fig. 2A, both tubes simultaneously, and notnote that grid coupling capacitors ing the presence or absence of r -f
C. and C. will normally be so devoltage of the fundamental fre-
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quency in the common plate circuit.
This check should be made at a
number of different supply voltages.
One other point is worthy of
mention. Examination of Fig. 2
will show that tube 2 is shunt fed
in both grid and plate circuits, and
a low -frequency parasitic oscillation can be expected as a matter of
course unless the r -f choke in the
plate circuit is given a much larger
value of inductance than that in the

grid circuit.
Modifying Existing Equipment

On the basis of the foregoing dis-

cussion it is not difficult to see how
almost any plate -modulated radiotelephone transmitter can be converted into a double-sideband generator for the purpose of suppressing adjacent -channel interference
due to overmodulation. When the
percentage of modulation is low, we
have normal class-C modulated amplifier performance, with only tube
1 conducting. However, when over modulation occurs, and the instantaneous plate potential of tube 1
becomes negative with respect to
ground, tube 2 comes into action
and produces an undistorted side band output corresponding to the
negative modulation peaks which
would otherwise have been clipped
off. Because there is no distortion,
no adjacent -channel interference is
generated.
The splatter -suppression circuit
can readily be added to existing
transmitters provided, of course,
that sufficient reserve audio power
is available. It will be seen that the
number and the cost of the added
components is not very great. The
only possible complication is the
filament supply for the suppressor
tube, which must have high-voltage
insulation and a low capacitance to
ground. However, standard rectifier filament transformers meeting
these requirements are not hard to
find.

The splatter -suppression circuit
can be added to push-pull class -C
r -f amplifiers just as easily as it
can be added to single -ended ones.
Reference to Fig. 3 will make this
clear. The tube labelled Suppressor
Tube performs the same functions
as tube 2 in Fig. 2. The circuit is in
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that of a conventional push-pull amplifier. From
the standpoint of r-f, the suppressor tube is connected between
the grid of either one of the pushpull tubes and the plate of the other.
The main point is that, when over modulation occurs and the common
plate -voltage lead becomes more
negative than ground, causing the
suppressor tube to come into operation, the suppressor tube must deliver to the tank circuit r-f which
is 180 degrees out of phase with
that supplied by the push-pull tubes
when the common plate -supply voltage lead is at a positive potential.
all other respects

Splatter -Suppressor Power

The splatter -suppressor tube
need not have large plate dissipation capacity. Because tube 2 conducts only during the modulation
peaks, the average power dissipated
at its plate will be small. Consequently, a small, inexpensive tube
can be used, provided one is selected with adequate insulation and
adequate peak emission.
For a sinewave modulating waveform, the average power input to
the splatter -suppressor tube can be
calculated in the following way.
Power input to the suppressor tube,
expressed as a percentage of the
carrier power input, is 0.278 ma
for sinewave modulating voltage,
where a expressed in degrees is the
angle whose cosine is 1/m, and m
is the modulation factor (defined as
the difference between the maximum and average envelope amplitudes divided by the average ampli-

tude.)
A plot of this relation is given in
Fig. 4. The actual power dissipated
at the plate of the suppressor tube
is, of course, the product of the
total input times the efficiency of
the suppressor tube as a class -C
amplifier. Especially in the case of
complex modulating waveforms,
such as speech and music, it will be
found that the power dissipated by
the plate of the suppressor tube is
relatively small for reasonable degrees of overmodulation.
It should be evident that use of
the above splatter -suppression circuit will not prevent distortion at
the receiver when the transmitter

ELECTRONICS
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is modulated in excess of 100 percent. Some representative oscillograms will make this clear.
System Fidelity

Figure 5 illustrates the patterns
obtainable. In all three figures the
modulator output voltage is constant, and only the d -c plate input
to the larger of the two class -C
tubes was varied. Figure 5A shows
the familiar modulation envelope
pattern obtained when the percentage of modulation is less than 100
percent. In Fig. 5B the effective
percentage modulation is now in
excess of 100 percent, and the suppressor tube is beginning to make
its contribution. In Fig. 5C the d -c
or carrier power input has been reduced virtually to zero and we have
very nearly a pure double-sideband
output. In this particular setup,
the two class -C load impedances
presented to the modulator were not
balanced, and time did not permit
of any attempt to reduce the distortion present in the output of the
laboratory modulator below the
level shown. However, the oscillo grams serve to illustrate the basic
idea of the system, and the results
obtained were in full agreement
with expectations.
Figure 6 shows the trapezoidal
patterns corresponding roughly to
the conditions of adjustment illustrated in Fig. 5.
When a signal as much over modulated as the one shown in Fig.
5B is demodulated by a wideband
conventional receiver using a linear
detector, a badly distorted replica
of the original sinewave will be obtained. However, it should be borne
in mind that any sideband clipping
caused by the selectivity of the receiver circuits will reduce the effective percentage modulation of the
incoming signal and thereby reduce
the distortion.
Sideband clipping will, of course,
normally be noticed only on the
higher audio frequencies, 1,000 cps
and above. In communication circuits where quality of reproduction
is not important, it may be possible
to put this effect to some practical
use. Considerable high -frequency
preemphasis at the transmitter
could be followed by high selectivity

-

Corresponding trapezoidal pat6
terns show the percents of modulation
represented by oscillograms of Fig. 5
FIG.

at the receiver, such as that obtainable with the conventional crystal
filter. If high -frequency program
peaks were then strong enough to
overmodulate, receiver selectivity
could easily be made sufficient to
reject the excess sideband energy,
thus leaving a signal at the second
detector which was modulated less
than 100 percent and hence undistorted. The chief practical difficulty
with this arrangement is that most
of the energy peaks in speech occur
at frequencies below 1,000 cps. However, when overmodulation did occur at any frequency, it would not
produce sideband splatter because
of the carrier phase reversal of the

suppressor tube.
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STANDING
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meter to be described is an
automatic standing wave detector of moderate accuracy designed
for quick and simple operation in
situations such as production tests
and adjustments of microwave equipment. It has proved helpful in a survey of the effects of various parameters on the matching of a waveguide
transition. The study was typical of
the many cases where only the standing wave ratio is wanted, not the position of the maxima and minima. In
this device the problem is simplified
by providing a constant and matched
source of microwave power. It is
then only necessary to know the difference between the maximum and
minimum amplitude, which is proportional to the amplitude of the reflected power. If a mechanism periodically moves the position of the
standing wave detector probe past
the position of the maxima and minima or vice versa, then a peak-to peak voltmeter fed by the detector
will yield readings directly proportional to reflected voltage E,. With a
given input Eo, the meter may be calibrated in voltage standing wave
ratio, vi, from A,.
(E, + E,)
(E0
Er).
Standing wave minima are spaced
at intervals of half a guide wavelength 2,9; relative movement of
the probe and minima by at least
1,/2 will thus insure that at least
one maximum and one minimum are
passed by the probe wherever they
happen to be in relation to the position of the probe. To assist the performance of the peak voltmeter circuit, however, it is preferable to increase the relative movement of the
THE

-

-

This paper is based on work done for the
Office of Scientific Research and Development
under contract OEMsr-262 with the Radiation
Laboratory, Massachusetts Institute of Technology.

FIG. 1-Measurement probe (left of center) and eccentric dielectric rotor which dips
through a slot in the U-shaped wave guide when driven by a small motor. This
insertion of a dielectric gives the effect of alternately stretching the guide to a
greater length and returning it to its original dimension

length
The arrangement used
for a guide of 0.5 x 0.25 -inch outside
dimensions is sketched in Fig. 1; it
offers a long taper of the dielectric
Transmission Line Stretcher
in a small space. The guide is bent,
To simplify the design of the mi- in the E plane, to U shape with an
crowave components, the probe is outside diameter of 2i inches. A
mounted in a fixed position and its central slit 0.092 inch wide is cut
electrical distance from the load along the curved inside part of the
varied by means of a periodical line U. Into this slit dips the edge of a
stretcher, in this case a strip of low- circular polystyrene disk, 0.075 inch
loss dielectric periodically dipped thick, which is mounted 0.10 inch
into the guide through a slit in its off -center on the spindle of a small
top wall. Insertion of a dielectric is 30-rps motor (not shown). The conequivalent to an increase of the guide figuration of a U-shaped guide and
width, thus reducing the guide wave- circular disk makes a very slim taper,
probe and standing waves from onehalf guide wavelength to two or
more guide wavelengths.
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FIG. 2-Probe and crystal detector for measuring magnitude of power reflections.
At (A) the crystal is coupled by means of an E-plane tee, whereas at (B) a coaxial

coupling and wire probe are employed
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WAVE METER
The power reflections caused by mismatch at the junction of waveguide components
are measured automatically by a device which gives a direct meter indication of the standing
wave ratio

minimizing the discontinuities and
thus the reflection; bevelling of the
dielectric disk further minimizes the
discontinuities. When the motor rotates, the eccentric rim of the polystyrene disk periodically penetrates
the center of the Ti guide nearly to
the opposite wall and is withdrawn
to the edges of the slit.
The sketch of Fig. 1 shows strips
of lossy material, such as conducting
rubber, cemented along the edges of
the slit to absorb radiation through
it and also small pieces of lossy mate-

rial, such as molded polyiron powder,
wedged into the ends of the slit. The
latter are needed to absorb slot
waves, spurious standing waves set
up between the two edges of the slit
as on a balanced line.
The main limitation to the accuracy of the meter is imposed by reflections from the point where the dielectric dips into the waveguide.
Direct reflection of oscillator power
at this point is observed as residual
standing wave ratio even if the load
is perfectly matched. Furthermore,

waves reflected from an unmatched
load are reflected forward again at
this point. Second reflections at the
load interfere constructively or destructively with the first ones, dependent upon the distance between
line stretcher and load. The larger

+250V

4-The effect of changing line length
as indicated by the signal at the probe.
Rounded peaks occur when the line
stretcher reverses its action
FIG.
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the mismatch at the line stretcher,
the more does the observed standing
wave ratio vary around the proper
value. Oscillator mismatch that
might affect the accuracy of the
measurement is usually kept low by
padding.
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FIG. 3-Fundamental standing wave meter circuit diagram (A) and Thyrite bridge
regulated power supply (B) used to operate the unit
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The probe is placed immediately
before the line stretcher. It couples
a crystal detector to the waveguide
with about 15 db attenuation, assuming a power level of about 1 milli watt at this point of the guide. The
crystal may either be coupled in by
an E -plane tee with a slot 0.050
inch wide across the whole width of
the 0.040 -inch guide wall, as shown
in Fig. 2A, or by means of a coaxial
coupling between the main and a
short auxiliary guide consisting of a
0.020 -inch wire probe in a hole
0.060 inch in diameter, as in Fig.
2B. The coupling should be nondirectional, but imperfection in this
97
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FIG. 5-Voltage-doubler rectifier circuits. At (A) is shown a full -wave doubler, with
La half -wave circuit at (B). The circuit at (C) combines advantages of both types

r

respect will not affect the result.
The crystal detector is operated
substantially without load. It can be
shown that under this condition and
for the relatively high power level
in this device, it acts as a linear detector.
Indicator Amplifier

The amplifier and voltmeter circuit are shown in Fig. 3A. All plates
are fed with about 250 volts, with
very low ripple, from a regulated
power supply (Fig. 3B) employing a
Thyrite bridge; total current drawn
is 3 milliamperes, exclusive of that
for the microwave oscillator. The
first amplifier stage, a pentode, and
the second stage, a triode, provide
about 70 db gain in a conventional
audio -frequency design; the re-

sponse extends low enough to minimize phase distortion at 30 cps. The
amplifier feeds into a voltage -doubler rectifier employing a double
diode.
The reading of the meter is unaffected by the distance of the load
only to the extent that its rectifier
circuit approximates a perfect peak
rectifier, that is, one whose output is
independent of the shape and spacing of the peaks. In particular, loading of the rectifier is undesirable
since it affects mainly the shape of
the peaks. To minimize this effect,
very high load resistances are necessary which entail long time constants and slow meter response and
whose insulation is difficult. To ease
these requirements without sacrifice
in accuracy, the following steps were
taken.
Instead of the required minimum
of a half guide wavelength, the line
was stretched periodically by two or
more guide wavelengths. The effect
is illustrated in Fig. 4 where the

sine -shaped curve represents the
change of line length A,/A, as a function of time t for one turn of the
motor in 1/30 second. Since the
change extends over two whole guide
wavelengths, the signal at the probe
will then be the same as if the amplitude had changed about four times
as often back and forth between one
minimum and the next maximum
with the average frequency f ap-

the load. The sharp peaks of the
zigzag curve, on the other hand, are
unaffected in height and shape by
the position of the load. The larger
0,/a the more sharp peaks are interposed between each two round
peaks and the less will the response
of an imperfect peak voltmeter be
affected by the varying height of the
latter. It can be seen that deformation of the U-shaped guide or of the
circumference of the polystyrene disk
merely affects the spacing of the
sharp peaks but does not affect their
number or their height.
Rectifier Circuit

There are two main forms of the
voltage -doubler rectifier, the f ullwave doubler of Fig. 5A and the
half -wave doubler of Fig. 5B. Both
yield the same output-twice the
peak -to -peak voltage. They differ in
that the former draws energy evenly
from both the positive and negative
peaks of the supplied oscillations, but

FIG. 6-Improved amplifier to replace the single stage shown in Fig. 3.
impedance output is obtained with the cathode follower

proximately equal to 120 cps, as
shown in the zigzag curve of Fig. 4.
Round peaks occur in the zigzag
curve whenever the line stretcher reverses its action; their height depends on whether this happens near
a maximum or minimum, or in between-that is, on the position of
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does not permit of both single -ended
input and output without the help
of a transformer; the opposite is
true for the half-wave doubler.
The circuit of Fig. 5C was developed by combining most of the
relevant advantages of both Fig. 5A
and Fig. 5B. It differs from that of
January, 1947
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Fig. 5A only in that one output terminal is grounded through resistor
R, which is too large to affect the
operation of the rectifier circuit.
The new circuit has single-ended input and output; it still yields fully
twice the peak -to-peak voltage for
any load resistance which is large
compared with R3 -}- R2. It provides
approximately even loading of both
the positive and negative peaks as
long as R, is large, and offers a distinct improvement in the accuracy
of the standing wave meter. In the
circuit of Fig. 3, this voltage -doubling rectifier employs a value of 2
megohms for R1.
Two further refinements tested
and used in more elaborate equipment were not needed in the simple
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an adjustable standing wave ratio load used
the meter as shown in Fig. 8

unit here described. The second amplifier stage in Fig. 3 was replaced
by the two stages shown in Fig. 6.
Replacing the amplifier triode by a
pentode increases the sensitivity by
about 20 db without reaching the
limits of instability or circuit noise.
In addition, this amplifier stage was
coupled to the voltage -doubler rectifier via a cathode -follower stage with
the low output impedance of 1/gm
approximately equal to 500 ohms so
that the deformation of the voltage
peaks due to rectifier loading was
further reduced.
The output of the voltage -doubler
rectifier is of the order of 100 volts
for full scale, but is of such high impedance that direct measurement
with a d -c voltmeter is undesirable.
It is, therefore, transformed down
to a more convenient impedance
level by means of a cathode -follower
tube. Due to the degenerative resistance of 0.1 megohm in its cathode circuit, the plate current of this
triode is strictly proportional to its
grid potential, with an effective
mutual conductance of 10 micromhos. A bleeder resistance from
B + to its cathode holds the standing plate current to cutoff.
Any meter system with a sensitivity of 1 milliampere for full scale deflection may be used. Its scale is
calibrated according to the curve of
Fig. 7; voltage standing wave ratio
(1 + Er)/(1
Er), if full scale
(100 percent) is to indicate an infinite ratio. The detector characteristic,
amplifier, and rectifier may all be assumed as linear.

-
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Comparison With Bolometer

The calibration thus computed was
checked for various loads against a

January, 1947
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calibratir d

standing wave detector employing
a standard bolometer, with results
as in Fig. 8. A load with a standing
wave ratio adjustable from 1.02 to
greater than 70 was built, as shown
in Fig. 9, consisting of a choke -type
metal plunger movable in a high-loss
waveguide, molded of polyiron powder. A slotted -section line stretcher
inserted between this calibrated load
and the matchmeter was varied and
the variations in the meter readings
noted. Short lines straddling the expected straight line are marked in
Fig. 8, indicating the range of these
variations. The deviations never exceed plus or minus 10 percent of the
correct standing wave ratio and, in
most cases, are much less. The error
is typical for reflections between
line stretcher and load; it seems low
considering that there were two
choke -flange joints and that the polystyrene disk of the tested instrument
did not even have a bevelled edge.
Circuit Elements not Critical

The assumption of a linear overall characteristic was thus confirmed.
Changes in gain with aging have
thus no influence on the calibration
provided it is set to full scale for
= co. Adjustment may equally well
be made by control of the input

power or by a voltage divider (not
shown) in place of the grid resistor
of the first amplifier stage.
No tuned or frequency -sensitive
parts are used. All circuit components are of standard type and tolerance. The instrument as described
can easily be built into an 8 -inch
cube using standard components. No
more space is needed even if the
microwave oscillator is included, fed
from the same power supply.
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Electronic
at the point of measurement, so
that any mutual effects would be
less than one percent. This was not
a severe limitation.
Since we had decided to use elec-

trical phase angle as the method of
transmitting the pointer position
from one location to another, it
was necessary to employ a pickup
having voltage output which
shifted in phase as a function of
the motion of the sweep pointer on
the altimeter. To insure linearity
of calibration it was also necessary
that the phase shift be linear with
motion of the pointer, the two following each other degree for

Electronic position pickup, showing twophase winding on a circular disc mechanically linked to a piezoelectric crystal. The
disc is mounted in close proximity to an
instrument pointer equipped with a small
permanent magnet. There are no moving

parts

IN MANY MODERN industrial instrumentation installations it is
necessary to read sensitive measuring instruments at a substantial
distance from the point of measurement to enable satisfactory centralized control. Reading of these
remote instruments requires some
form of telemetering.
We had such a problem some
time ago when we were required
to transmit the position of the
sweep hand of a sensitive aircraft
altimeter to a remote receiving
station. Since the amount of
torque which could be taken from
the sensitive altimeter hand without deflecting it in excess of our
tolerances was less than two milligram millimeters, the altimeter
sweep hand could not be used directly to operate a variable
resistance.
We decided to place a small magnet on the sensitive sweep hand
and then pick up the orientation of
the resulting magnetic field externally. This fitted in well with the
design of the sensitive altimeter
since it is a sealed instrument and
the use of magnetic coupling eliminated the need for sealing glands.
To insure freedom from influences
of the earth's magnetic field it was
necessary to make the field of the
pointer magnet at least one hundred
times as strong as the earth's field

degree.
Basic Principle

In the operating device the armature coil is excited with alternating
current so that the couple is continually varying due to the reaction
between a steady external field and
a field which is varying sinusoid ally. This continuously varying
couple produces an alternating torsional moment on the crystal which
varies in amplitude as a function
of the sine of 0, and which varies in
phase depending upon whether 0
lies between 0 and 180 degrees, or
180 and 360 degrees. The phase of
the couple does not vary continuously, but shifts through 180 degrees as goes through 180 and 360
degrees. Substantial moments may
be produced in this manner, producing outputs from the crystal in excess of one volt.
The pickup may be connected to
any suitable electronic or magnetic
amplifier and servo and will then
keep itself oriented with the external field. Such an arrangement is
shown in Fig. 2. While this would
be suitable for an earth -inductor
compass, it would be too cumbersome for an instrument pickup.
O

Figure 1 is a drawing of the
basic position -pickup device which
was converted for this use. It is
a form of earth -inductor compass
with which we have experimented
and consists, as shown, of an armature mounted on a piezoelectric
crystal of the type used in conventional phonograph pickups.
The armature is made of three
laminations of 0.014 -inch silicon
Practical Variation
steel two inches long and one quarter of an inch wide. The laminaThe variation shown in Fig. 3
tions are wound with several turns was employed in the instrument
unof Formex wire. The function of der discussion. It
may be seen that
the armature is to couple an ex- the armature mounted
on the crysternal magnetic field and to trans- tal is circular instead
of rectangumit this couple to the piezoelectric
crystal.
The crystal, which is
ground to be sensitive to torsional
moments, produces a voltage output
which is a function of the rate of
change of the couple between the
magnetic field of the armature and
the earth's field.
The magnetic field of the armature lies along its axis, as shown by
the line AB. Line CD represents
the orientation of the external magnetic field. The couple produced is
proportional to the product of the
strengths of the external magnetic
field and of the magnetic field of the
armature, and the sine of the angle
between them. When the two
fields are coincident with each other
the sine of becomes zero and the Pickup with plastic hood, facilitating mountcouple becomes zero.
ing over the glass face of an instrument
O

O
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Position Pickup
A modified earth -inductor compass, comprising a piezoelectric crystal and an armature energized by a -c, provides an output voltage that shifts linearly in phase as a function of an instrument pointer on which a small permanent magnet has been mounted

DAVID

By

WILLIAM MOORE, JR.

Engineer in Charge
Fairchild Camera and Instrument Corn.
Jamaica, N. F.

lar, and wound with a polyphase
winding. This may seem to be a
relatively minor change, but the effect produces a pickup much more
flexible and more suitable for our
application, and for any application
requiring the reading of a very
sensitive measuring instrument.
As in the previous example, the
crystal is of the piezoelectric variety, and is sensitive to torsional
moments. The armature is wound
with a two-phase winding so that a
uniform continuously rotating magnetic field can be produced. This rotating magnetic field reacts with
any external magnetic field and
produces a continuously varying
torsional couple with this external
magnetic field. The important point
is that the phase of the continuously varying torsional couple with
respect to the current exciting the
two-phase winding is a direct function of the orientation of the external magnetic field with respect to
the circular armature of the device
described.
Line AB represents the continuously rotating magnetic field. Line
CD represents the stationary external field. Because the magnetic
couple between these two fields will
vary as the sine of the angle O between them, it is apparent that the
phase of this couple will be a function solely of the orientation of the
external magnetic field CD. This
couple is transferred directly to the
piezoelectric crystal, so the voltage output of the crystal will faithfully follow the couple. It will have
a phase relationship to the current
exciting the two-phase winding on
the circular armature which is a
ELECTRONICS
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ARMATURE,

1011

i

B

-MECHANICAL
LINK

direct function of the orientation
of the external magnetic field. Thus
'-PIEZOELECTRIC
CRYSTAL
any change of the orientation of the
external magnetic field, caused by a
1-Sketch illustrating the basic princhange in sweep pointer position in FIG.
ciple of operation. Line AB indicates the
the application under discussion, magnetic field of the armature. Line CD
of an external
will result in a change in phase of represents the orientation
magnetic field
the output of the piezoelectric crystal.
,MAGNETIC FIELD
SENSITIVE DEVICE
Because the crystal operates on
CRYSTAL OUTPUT
force rather than upon any measurable motion, the position pickup has
no moving parts. Also, it will reflect no load back upon the external
field, which is very important when
this field is produced by a small permanent magnet mounted on the
pointer of a sensitive instrument.
For a given external magnetic
TWO-PHASE SERVO
field strength the voltage output of
MOTOR TO ORIENT
the crystal is constant, and varies
PICKUP NORTH AND
SOUTH
in phase continuously as it is rotated with respect to the external FIG. 2-Schematic showing a method by
field. If it is connected to an oscil- which the simple pickup illustrated in
an
loscope and simply rotated in the Fig. 1 may be used in conjunction withitself
amplifier and a servo motor to keep
open the phase of its output voltage oriented with respect to an external magmay be seen to continuously change
netic field
as a result of the varying couple
with the earth's magnetic field.
At the time this pickup was built
and tested experimentally there
were no high-output crystals which
did not deteriorate badly at temperatures above 110 F. This precluded use of the pickup in the telemetering equipment described in
2 -PHASE -/CIRCULAR
an earlier article', but since then
WINDING
7 ARMATURE
we understand that crystals as
sensitive as Rochelle salt have been
-PIEZOELECTRIC
developed that will withstand high
CRYSTAL
temperatures and not go to pieces.

/

Nu,

REFERENCE

(1) Moore, David William, Jr., Continuously Variable Radio Remote Control,
ELECTRONICS, p 112, Nov. 1946.

FIG. 3-Modification of the basic pickup
design, employing an a -c energized twophase winding on a circular armature, as
employed in the electronic position pickup
discussed in the text
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Carrier - Difference
By R. B. DOME
Generad Electric Company
Bridgeport, Conn.

These components comprise the entire television sound system, except power amplifier tube. The system operates on present
FCC black -and -white standards

PROPOSALS have been
made in the past for the use
of a common amplifier channel for
sight and sound in a television receiver. Such a system would simplify the receiver, and render its
SEVERAL

operation free from the disturbing
effects of local oscillator hum frequency -modulation and frequency
drift. Most of these proposals are
based on some form of multiplexl' 2'8 wherein the sound signals
modulate the picture carrier during
the horizontal blanking interval
when no picture information is being transmitted. These methods
may be classified as time division
systems of transmission of intelligence, since the receiver employs a
time -gated amplifier which opens
only during that portion of time
devoted to the transmission of
sound.
Time division methods of sound
transmission are weak for two
reasons. The first is that the
amount of power devoted to sound
is relatively small which means
that the signal-to-noise ratio will
not be adequate over as long a
range as if more average power
had been used, and secondly, failure of the gated amplifier to synchronize properly in noisy locations
means a further decrease in average signal-to-noise ratio.
-

The disadvantages of time division systems may be overcome by
the use of a frequency division
system with simultaneous transmission of picture and sound
signals exactly as in the manner
used today in black -and -white television in the frequency bands between 44 and 216 megacycles.
There is nothing very complicated
about such transmissions. The
video signal modulates continuously one carrier frequency with
amplitude modulation while the
sound signal modulates continuously another carrier frequency with
frequency modulation. A conventional receiver arrangement has
been commonly used in the past.
The local oscillator beats the two
carrier waves down to two intermediate frequencies. Here the receiver is split into two i -f channels,
a wide one for the picture, and a
narrow one for the sound. Separate
second detectors are employed : a
simple rectifier for the picture, and
a discriminator -detector for the
sound.
The objections to this type of
receiver are: (1) Frequency modulation of the local oscillator at
power frequency rates, if present,
will show up in final detection as
an unwanted component. (2) If the
local oscillator frequency drifts
excessively with warm-up or with
changes in line voltage, the signal
at the discriminator may wander
so far away from the balance point
that the signal may become noisy
or distorted or even entirely lost.
(3) The system is subject to micro phonics in that the movement of
oscillator tube elements or oscillator circuit elements may produce
frequency modulation which is detected along with the desired
signals.
Another type of receiver, which
may be used to receive these simultaneous transmissions, makes use

102

of the frequency difference between
the picture and sound carriers. The
carrier -frequency -difference receiver does not depend on any precise
local oscillator frequency for its
successful operation. Instead, the
high frequency which is finally to
be detected is the difference between the picture and sound carrier
frequencies. In black -and -white
television in the channels between
44 and 216 mc, this frequency difference is 4.5 mc, as set by the FCC

standards.
The receiver is constructed along
fairly conventional lines. There is
only one i -f channel. This is broad
enough to pass both picture carrier
and sound carrier plus the necessary sidebands of each carrier. In
order that the wave applied to the
second detector be dominated by
the picture i -f carrier so that it
can successfully demodulate the
sound i -f carrier, it will generally
be necessary to provide some attenuation for the sound i -f. This may
be done by means of absorption
trap circuits coupled to the i -f coils.
A pair of such circuits with the
proper Q's and couplings will result
in an i -f response characteristic
which is characterized by a shelf
several hundred kilocycles in width
with its center about the mean
sound i -f. Figure 1 shows the frequency response characteristic of
a typical i -f. The shelf height
should be comparable to the minimum level expected for the picture
carrier. If, for example, the picture transmitter does not modulate
downward to any point below 15
percent of the voltage difference
between peak of the synchronizing
signals and zero, the receiver slope
will reduce this to 7.5 percent since
the picture carrier should be halfway down the slope, and hence, if
the sound carrier amplitude is
equal to the black level of 75 percent, the shelf should be in the
January, 1947
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Reception of Television Sound
Use of a common i -f amplifier for sight and sound signals, an important new development in television receiver practice, reduces costs, eliminates local oscillator tuning and
drift difficulties

order of 7.5/75 or one tenth of
the maximum height of the i -f
response.
With this treatment to the input
to the second detector, the sound
carrier will appear to the picture
carrier as just another sideband so
that in the detector output there
will be found, in addition to the
video frequencies, a 4.5 -mc signal
frequency -modulated
with
the
sound. The 4.5 -mc wave will be
amplitude -modulated to some extent by picture modulation, but
this may be easily removed by the
employment of suitable limiter circuits at a later point in the receiver. The amount of amplitude
modulation present in the wave depends upon the ratio of the amplitude of the two carriers at the
second detector and is given by the
following equation to an accuracy
of better than one percent
e

-

a mElE2
j,,,lrz

a2m2Fi12Fi22

+ a2E2212
+ a2E2211/2[ 1 +64 [,n2E12
3
(1)

where mE, is amplitude of picture

i -f,

and aE2 is amplitude of sound

i -f.

To show graphically how e is affected by the picture modulation
factor m, let aE, be assigned a
value of 1.0 and mE, assigned a
range of values from 0.1 to 10.
The resulting output e is then
shown in Figure 2. It will be observed that as mE, decreases from
10 to 1 the value of e decreases
from 1.0 only to 0.715. Thus the
limiter has only to remove some
30 percent total modulation from
the wave and not 100 percent.
Figure 3 illustrates this effect in
a different way. At Fig. 3A is
shown the picture modulated wave
with a minimum modulation of 15
percent of the peak of the synchronizing pulses. Figure 3B shows
the frequency modulated sound
carrier having a level of 7.5 percent
of synchronizing pulses. At Fig.
3C is shown what the 4.5 -mc wave
looks like as a result of the wave
at Fig. 3A demodulating the wave
of Fig. 3B. It will be noted that

1.0

there is very little left for the
limiter to do.
The whole output of the second
detector may then be amplified by
the usual video amplifier. Thus the
video and sound channels are still
common. Separation of sound and
picture may be made at the conductor leading from the video amplifier to the picture tube, as shown
in Fig. 4. A transformer has
its primary 2 connected between
the final video amplifier tube 3 and
the picture tube 4.
The primary circuit 2 is tuned
to the difference frequency of 4.5
mc. This tuning will prevent that
frequency from appearing as picture modulation on the cathode-ray
tube screen. At the same time it
will provide a circulating current
of considerable strength in the primary. This current is sufficient to
induce a 4.5 -mc wave in secondary
5, which is tuned to 4.5 mc. The
secondary is connected to a tube 6
which serves as a limiter -amplifier
to feed discriminator -transformer
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FIG. 1 -Typical i -f passband for carrier -difference receiver.
The sound carrier at 4.5 mc is attenuated by the plateau at
the base of the curve
ELECTRONICS
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2 -Ratio of sight and sound carriers at input to second
detector, as affected by the amplitudes of both signals. When
picture carrier predominates, little limiting is required
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and balanced -detectors tube 8
and tube 9. These tubes detect the
frequency modulation present on
the 4.5 -mc wave and the resulting
audio output is fed to audio amplifiers and to a loudspeaker for
translation into sound. Another
limiter tube may be added prior to
tube 6 if cascade limiters are
desired.
Thus a very simple receiver is
effected which uses but few tubes
and circuit components for sound
and which has important improved
characteristics over the conventional receiver. A nominal amount
of drifting of the local oscillator
frequency is of no consequence because the 4.5 -megacycle frequency
has been determined by quartz
crystals at the transmitters and
this difference frequency is held
accurately to within ± 5 kilocycles.
Hum modulation or microphonics
in the local oscillator cannot affect
the sound signal because any
change in the sound i -f is accompanied by an equal change in the
picture i -f so that the difference
frequency is undisturbed by any
variation of local oscillator frequency.
A receiver incorporating the circuit shown in Fig. 4 has been in
operation in Bridgeport, Connecticut, some 52 airline miles from
New York television stations, and
has proved very stable and reliable
in performance. Push-button or
selector -switch tuning is possible
without re -adjustment of the local
oscillator because of the wide range
of permissible variation in local
7

oscillator frequencies. If the receiver is provided with a local oscillator tuning adjustment, it can be
operated by unskilled personnel
with ease because no special effort
is needed to tune in the sound. In
actual operation, towards one end
of the tuning control the picture
fades due to lack of sufficient picture carrier while at the other end
of the control the sound fades due
to lack of sufficient sound carrier.
The operator thus can tune for a
clear picture, a feature heretofore
unavailable in conventional receivers where the sound channel must
always be accurately tuned in and
the resultant picture must be accepted as is.
Operation of the television picture contrast (gain) control does
not appreciably affect the audio
signal level because the limiter
tends to apply a constant level to
the balanced detector. The picture
will be considered far too dim for
use long before the sound fades to

half strength.
This receiver has performed well
on two of the three New York stations from the beginning. On the
third station the performance was
at first poor on account of video
modulation being present along
with the sound. This disturbance
was traced to frequency or phase
modulation of the picture carrier
by the video modulating signal.
This condition has now been corrected to a great extent by the
station so that acceptable sound is
now obtainable. This brings out
one of the requirements of the

transmitters for successful application of this system to general
usage.
Requirements at Transmitters

Any phase or frequency modulation on the picture carrier in this
system is directly transferred to
the 4.5 -megacycle beat frequency
and ultimately detected. It is
therefore important to place a
limit on the amount of frequency
modulation permissible on the picture carrier. Since the peak frequency deviation of the sound
carrier frequency has been set at
±25 kilocycles, the limit on the
picture transmitter should be about
±100 cps maximum, which corresponds to a modulation of ±0.4
percent or 48 db below 100 -percent
modulation on the sound transmitter. The fact that two out of the
three transmitters in New York
had been adjusted for practically
no phase or frequency modulation
even before the personnel knew
what use was being made of their
signals indicates that any transmitter can be so adjusted.

Another transmitter requirement is that some picture carrier
must always be present. This is
necessary in order to detect the
sound carrier continuously. The
present standards read that the
transmitter shall be capable of
modulating down to 15 percent of
peak synchronizing level on maximum white. The standard may be
modified to read "at least to 15
percent but not greater than 10
percent for downward modulation".

TUBE 3

P'L

TUBE 4

_q
ll
1-

TUBE 8

B

1

-c
TUBE

FIG. 3-Modulated sight carrier (A), sound carrier (B), and corn -

bined

f-m

carrier showing slight amplitude modulation

(C)

9' r

FIG. 4-Schematic of the carrier-difference sound system. The
f -m sound carrier is taken directly from the picture -tube grid
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This change will provide a 10 percent safety zone perfectly adequate
for the system's operation.
It is recommended that the peak
deviation of the sound transmitter
be increased to ±40 kilocycles from
the present ±25 kilocycles. This
will aid in masking any inadvertent
frequency modulation present on
the picture carrier.
Signal -to -Noise Ratio

The signal-to-noise ratio of the
system described may be calculated
in terms of the conventional system
and will be found to vary depending upon the average brightness of
is
the picture.

1

I/z

(2)
(The requattion
\ LmEiJz\
where EI is maximum amplitude of
picture carrier, E, is amplitude of
sound carrier and m is modulation
factor of picture carrier. Thus for
an all "white" picture, assuming nt
= 0.17, E, = 1 and E, = 0.707,

N

0.7
SrL01077]zl

1/2

= 0.234

(3)

Ñ = (1+
For an all "black" picture, assuming nt = 0.75, then
S

1/2

1-0.70

0.73

(4)

0.566

(5)

Ñ = (1 [ 0.757]z)
And for an average picture m =
0.49, so
-1/2

-

=
(1 + [ 0.49
tuning
assuming
optimum
Thus,
of the conventional receiver, on the
average the signal-to-noise ratio
will run about 5 -db lower than the
conventional system; but in the
long run, it actually may run better
than the conventional system because drifting of the local oscillator
may easily throw the conventional
system well off the balance point on
the discriminator characteristic, so
that not only noise but audio distortion may be produced in considerable amplitude to degrade the
otherwise excellent performance
obtainable with precise adjustment.

Ñ

0.70712>

of 0.147, and hence the resultant
audible level is 0.0193 X 0.147 =
PICTURE
GARRIER
0.00275, which is 51 db below 100 RECEIVER
BANDPASS
percent modulation. If the sound
SIDEBANDS
^
transmitter deviation is increased
from 25 kc to 40 kc, an additional
4 -db reduction would be obtained,
or the 51 -db figure would become
55 db. In a similar manner, phase
FIG. 5-Symmetrical picture sidebands o
modulations at other frequencies
unequal amplitude, produced by slope o
may be calculated and are summarreceiver bandpass characteristic, cause
ized in Table I. Since these levels
slight phase modulation, but the resulting
far below the usual residual
are
disturbance is negligible
hum and noise levels of even a good
receiver audio amplifier system, it
lation of its phase angle as a result
may be concluded that spurious reof unequal amplitudes of symsponses due to incidental phase
metrical sidebands.
are quite negligible.
In Fig. 5 is shown a carrier wave modulation
placed half way down the receiver
Table I-Noise Introduced by
slope. An upper and a lower side Receiver
band are shown for a picture -modulation frequency lying in the audible frequency range. It will be
Spurious Responses
Picture
Below 100 percent
Modunoted that due to the slope, the
Modulation in db
lacing
upper sideband will have an ampliFre40-kc
25-kc
quency
tude In and the lower sideband an
Deviation Deviation
in cps
amplitude n. If the total frequency
band of the slope be denoted by s,
80
76
1,500
73
69
2,500
then it can be shown that the max65
61
5,000
imum possible phase angle modula59
55
10,000
55
51
15,000
tion of the carrier wave (when the
minimum picture level is 10 percent
of the amplitude at synchronizing
signal peaks) is
Conclusion
1.68asin27at 1
The author recommends that the
s
ma: = tan-1 C 1 + 0.84 cos 2r aJ (6) Radio Manufacturers' Association
propose to the Federal Communicawhere a is the picture modulating tions Commission that the stand-

.Add

frequency
It is evident that as a approaches
zero, negligible phase angle modulation will occur, but as the frequency increases, the phase angle
modulation may become significant.
The worst possible case occurs at
15,000 cps. If therefore a be assigned a value of 15,000 and s a
value of 1,500,000, the phase angle
will oscillate between the limits of
plus 0.032 radians, when 2xat =
140 deg, and minus 0.032 radians

when 27tat = 220 deg.
On the sound transmitter, the
equivalent phase modulation of 25Picture -Carrier Phase Modulation
kc deviation for 1.5,000 -cps moduEven though the picture carrier lation frequency is 25,000/15,000 or
is cleared of spurious frequency 1.66 radians. Therefore the spur'modulation at the transmitter, re- ious signal will be 0.032/1.66 =
ception with the picture carrier on 0.0193 of maximum audio output.
the slope of the receiver i -f re- But since 75 microsecond deemsponse characteristic will cause the phasis is used, this spurious 15,picture carrier to take on a modu- 000 output is multiplied by a factor
ELECTRONICS-January,

ards for the picture transmitter be
modified so as to permit the carrier frequency-difference system of
sound reception to be used. Such
standards would in no way make
obsolete present receivers which
employ two i -f channels and hence
no hardship case will arise, yet it
would open the door to a wider
receiver distribution
of
field
through lower costs, more reliable
performance, simpler operation,
and greater public satisfaction and
acceptance, all of which are the ultimate aims of this development.
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Radio Control For

MODEL BATTLESHIP
Continuous control of drive motor, rudder, and guns on battery -powered ten-foot model
of U.S.S. California is achieved by carrier interruption and use of five subcarrier frequencies in connection with a narrow -deviation 1,800-kc f -m transmitter

UNUSUAL applicablank cartridges, and the turret
tion of electronics is the radio guns .38 calibre blank cartridges.
control of a model battleship, in- Power for the model is provided by
corporating the following features: two six-volt automobile storage
(1) Continuous control of the batteries connected in series.
model's rudder from a steering
Control System
wheel at the transmitter.
(2) Control of the model's drive
The control signals necessary to
providing instantaneous selection operate this mechanism are transof forward, reverse, and off.
mitted by a small, narrow-deviation
(3) Means to control the rota- frequency -modulated transmitter
tion of the forward pair of turrets, operating on a carrier frequency
with instantaneous selection of the in the neighborhood of 1,800 kc.
direction of rotation.
Three types of signals are used:
(4) Circuits permitting firing of
(1) Random variations of the
four of the model's secondary guns, carrier frequency over a total range
and all twelve of the turret guns.
of approximately 10 kilocycles by
(5) Means for simulating ship- means of a trimmer capacitor in
board noises on the model, such as the oscillator circuit. The capacitor
the sound of shipboard call sys- is geared to a wheel on the control
tems, sirens, air raid alarms, and box, and the frequency deviation
the like.
produced by varying the capaciThe 10 -foot model is propelled at tance is used to control the operaa top speed of approximately five tion of the model's rudder.
miles per hour by four screws
(2) Audio -frequency modulation
driven from a single twelve -volt of the carrier by a reactance -tube
motor through a gear box. The tur- modulator acting on the oscillator.
rets and rudder are driven by The reactance -tube modulator is
smaller motors, and the guns are driven through a mixer tube by a
triggered by solenoids acting di- pair of audio -frequency oscillators.
rectly on their firing pins. The The oscillators may be operated
secondary guns fire .22 calibre simultaneously or singly, as deARELATIVELY

Hull of model, showing radio remote control equipment. Two

battery provides

C

sired. The constants of the first
oscillator can be switched to permit it to generate a frequency of
either 300 or 650 cycles. These
subcarrier frequencies are used to
control the main drive motors. The
constants of the second oscillator
can be switched to make the oscillator frequency 1,390, 3,000, or 950
cycles. The 1,390 and 3,000 -cycle
subcarriers control the direction of
turret rotation, while the 950-cycle
carrier is used to control the advance of an 11 -position stepping
switch used to fire the guns, operate
an indicator light, and connect a
loudspeaker into the audio system
of the receiver for the simulation
of shipboard sounds.
(3) Momentary interruption of
the carrier frequency by breaking
the plate supply of the oscillator.
This signal is used to home the
stepping switch just mentioned.
Breaking of the carrier also opens
the power supply to the main drive
motor for the duration of the break,
reducing the probability of runaway should the transmitter fail
or the model sail out of operational
range.
A microphone may be switched

6-volt storage batteries serve as primary source
bias for the polarity-sensitive output stage
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By G. C. FITZGERRELL
Los Angeles, California

Model of U.S.S. California, owned by H. E.
Bixby of Glendale, California and equipped
with radio control by the author of this
paper. Principal dimensions are: Length
10 feet; beam 20 inches maximum; draft
8.25 inches; freeboard 5.75 inches; weight
loaded is 410 lb; top of antenna is 34.7
inches above water line

into the modulator system, thus
permitting the operator to transmit speech and other sounds to the
model. When a loudspeaker is
connected into the audio system of
the receiver, the transmitted speech
may be heard from the model, or
the subcarriers may be heard and
used in simulation of shipboard
sounds.

Control box, with transmitter inside, transmitting antenna at right

If the loudspeaker is not connected in the receiver output the
operator may, as a stunt, operate
any one of the five subcarrier-controlled channels by whistling the
appropriate frequency into the
microphone. Operation of a sub carrier-controlled channel by a
whistled note requires some practice since both the amplitude and
frequency of carrier modulation
are factors in determining which
operation will occur. A signal of
excessive amplitude will spill over
and operate an adjacent channel,
even though it is of the correct
frequency.
Transmitting Elements

The reactance -tube modulator
elements and the electron -coupled
oscillator in the transmitter circuit

are fed from a voltage -stabilized
source to minimize drift, as shown
in Fig. 1. The buffer stage and
plate circuit of the electron -coupled
oscillator are left untuned to simplify tuning procedures. The various audio -frequency subcarriers
are supplied by switching LC components in the grid circuits of
simple negative resistance oscillators. Subcarrier modulation
amplitudes are controlled by potentiometers in the oscillator outputs.
An eight -foot aluminum rod may
be coupled to the 6L6 final amplifier
when an operating range of more
than a few feet is desired. A loading whip and inductance are
coupled to the top of the rod to
increase its radiating efficiency.
The transmitter as a whole is
encased in a hardwood cabinet with
a six-inch steering wheel brought
out the front. A calibrated dial
used to gage the position of the
model's rudder is visible through an
opening in the top of the cabinet.
On the cabinet is a three -position
telephone-type toggle switch used
in lieu of an engine room telegraph.
In the FORWARD position the carrier
is frequency -modulated by a 650 cycle note and the model's forward
drive is actuated. In the REVERSE
position, 300 -cycle frequency modulation of the carrier takes place,
and the model's propeller drive is
reversed. In the OFF position, the
carrier is unmodulated and the
model's drive is not actuated.
A knob on the cabinet actuates
a three -position switch used to control rotation of the model's pair of
front turrets. In the right position
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of the knob the carrier is modulated
by a 3,000 -cycle subcarrier. In the
left position the carrier is modulated by a 1,390 -cycle subcarrier.
When the knob is in its central

position the turrets are at rest.
With the knob in this center position the carrier may be frequency modulated by the 950-cycle subcarrier used to advance the stepping
switch. The selector is advanced
by pressing a pushbutton on the
control box. A similar button is
used to break the transmitter carrier and thus to home the stepping
switch.
Receiving and Selecting Elements

The control and voice signals are
received on the model by a modified
National FB-7 receiver with a
Foster -Seeley discriminator in the
output of the i -f amplifier, the circuit for which is given in Fig. 2.
In the discriminator output the
three types of control signals are
separated from each other. The
subcarrier and audio-frequency
components of the discriminator
output are amplified by a pair of
pentode amplifiers with their grids
connected in parallel. One of these
tubes has a dynamic loudspeaker
connected in its plate circuit, and
the other feeds a bank of five tuned
circuits, each circuit tuned to one
of the five subcarrier frequencies.
Each of these tuned circuits feeds
a triode biased beyond cutoff, functioning as an overbiased plate detector. Each triode has a sensitive
relay connected in its output. The
sensitive relays connected in the
output of the 300 and 650 -cycle
channels operate a pair of mechan107
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ically interlocked relays that control the main drive motor. The
mechanical interlock prevents the
short-circuit that would result if
both the forward and reverse relays were accidentally turned on at
the same time. Similarly the 1,390
and 3,000 -cycle channels operate
through a pair of mechanically
interlocked relays to control turret
rotation. Maximum turret excursion is controlled by limit switches.
The sensitive relay in the output
of the 950-cycle channel is used to
advance a stepping switch. The
stepping switch consists of a magnetically operated pawl and ratchet
mechanism which advances a pair
of ganged but electrically isolated

wiping contacts. Each contact is
moved forward by the ratchet
mechanism over a series of ten contacts. The ratchet stop mechanism
may be released, when desired, by
a second magnet, allowing a spring
to return the wipers to a zero or
homed position. In this case the
relay controlling the homing action
is actuated by interrupting the

carrier.
Operation of Stepping Switch

The actions controlled by the
stepping switch and associated circuits are as follows:
SWITCH
POSITION
o
1

2
3
4
5

6
7
8
9

10

ACTION
CONTROLLED
Home

Disconnect subcarrier-controlled
channels and connect loudspeaker
Fire first secondary gun
Fire second secondary gun
Fire third secondary gun
Fire fourth secondary gun
Fire forward turret
Fire second turret
Fire third turret
Fire aft turret
Turn on indicator light

The two stepping switch wipers
are fed independently. The feed
of wiper A is directly from the
battery, but wiper B is fed from
the battery through the back contact of a slow -release relay. The
coil circuit of this slow -release relay is opened for the duration of
each 950-cycle control signal by a
pair of contacts held open by the
pawl mechanism of the stepping
switch. If the pawl is held down
for over half a second the slow release relay feeds current through
its back contacts to the B bank of
wipers, and hence on to the circuit
of the contact on which the wipers
are resting. Thus, to energize any

one of the circuits controlled by
bank B of the stepping switch requires not only that the wipers be
moved to the appropriate position,
but that the final impulse used to
actually move the wiper into position be over a half -second duration.
For an example, suppose it is
desired to move the wipers from the
zero position to the number three
position. The operator sends two

short impulses and then maintains
the third for over half a second. In
practice the last impulse is maintained until the gun fires.
Loudspeaker and Homing Relays

The loudspeaker relay is operated by the No. 1 contact on bank
B and is electrically locked in place
by a feed from the No. 1 contact
on bank A. If the stepping switch
is in the homed position a long
pulse will move the wipers to first
position and operate the loudspeaker relay. The loudspeaker is
then connected, and the five tuned
channels are disconnected. The
loudspeaker is kept on by the electrical lock -in, despite the fact that
the 950 -cycle channel which controls selector advance is disconnected by the action of the
loudspeaker relay.
With the loudspeaker connected,
the operator may transmit speech
and other frequencies simulating
shipboard sounds without tripping
the subcarrier-controlled channels.
When the stepping switch is homed
the electrical lock feed through No.
1 contact of bank A is broken, allowing the loudspeaker relay to
return to normal position. The
loudspeaker is disconnected, and
control of the subcarrier-operated
channels is restored.
The sensitive relay controlling
the homing action is fed from a
triode that is normally maintained
beyond cutoff by a negative potential picked from one leg of the discriminator. When the carrier is
cut the negative potential is removed and plate current flows. The
sensitive relay is closed by the plate
current, and its contacts operate
the solenoid homing the stepping
switch. A lamp connected to the
contacts of this relay indicates
when the carrier is off. The contacts of the sensitive relay also
energize the coil of the power relay

whose contacts break the main
drive motor feed for the duration
of carrier interruption. This action is not objectionable, since only
a momentary break is needed to
The circuit
home the selector.
supplies a simple automatic stop in
the event of transmitter failure.
Contact 10 on bank A turns on a
small indicator light that is most
used with loaded guns. So long as
the operator can see the small indicator lamp at the masthead burning
he knows that the selector is at the
end of its travel, and not resting
on any of the gun circuits. When
the operator is ready to fire the
guns the selector is homed and then
advanced at once to the gun circuit
to be fired. When the circuit operates, the selector is at once advanced again to position 10 to
minimize the possibility of accidentally firing a gun, unless the
operator wishes to fire another bank
of guns immediately.
Rudder Control

The rudder control circuit differs
fundamentally from the other controls in that it permits precise
positioning of a remote unit by the
control operator. This precise positioning is accomplished by deviating the mean carrier frequency
of the transmitter and incorporating a motor -driven frequency
control unit in the receiver, which
automatically tunes the receiver to
each new frequency selected by the
operator of the transmitter. The
same motor that retunes the receiver also drives the rudder.
Therefore, within limitations imposed by the sensitivity of the
equipment, there is a discrete rudder position for each carrier f requency selected.
The d -c component of the discriminator output provides the cues
for the operation of the automatic
frequency control unit. If the receiver is tuned precisely to the
frequency emitted by the transmitter, the average output of the discriminator is zero. If the receiver
is tuned to a higher frequency than
the transmitter, then the average
output of the discriminator is negative, and if the receiver is tuned
to a lower frequency than the
transmitter the average discriminator output will be positive.
January, 1947
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FIG. 1-Circuit of narrow -deviation f -m transmitter used in control box on shore

the a minimum change of approximately 300 cycles is needed to prois
separated
output
discriminator
from the subcarriers by a low-pass duce a change in rudder position.
filter, and is then injected into a This 300 -cycle dead zone is adepolarity -sensitive amplifying sys- quate for the electrodynamically
tem with a pair of sensitive relays braked motor to stop, makes it unin its output. One of these sensi- necessary to resort to more elabtive relays is tripped when a posi- orate antihunt arrangements, and
tive potential is applied by the provides about thirty discrete ruddiscriminator, and the other is der positions. By consulting a
calibrated dial the remote operator
tripped by a negative potential.
The sensitive relay operated by can position the rudder within a
a negative potential operates a few degrees. This is a far more
power relay that causes the steer- accurate control than is usable in
ing motor to rotate in such a direc- steering the model, since in general
tion as to increase the capacitances the operator notes only relatively
in the receiving circuits. This ac- large deviations from course, and
tion steadily reduces the frequency consequently must use large rudto which the receiver is tuned, until der corrections to set the model
the receiver is once more in align- once more in the desired direction.
ment with the transmitter (until
Operation of Rudder
the discriminator output falls to
When the rudder is in the center
zero). This rotation also turns
the rudder to port. The sensitive position a pilot lamp blinks out on
relay controlled by positive poten- the model. This out indication of
tials from the discriminator causes the lamp may be used by the operamotor rotation which decreases the tor to check and correct oscillator
capacitances in the receiver circuits drifts. The steering wheel is set
and conversely causes the rudder to the zero or center position by
to turn to starboard. Thus the consulting the calibrated dial at
transmitted frequency controls the the transmitter. If the indicator
position of the rudder and the fre- lamp does not blink out, the transquency to which the receiver is mitter frequency is shifted slightly
with the zero trim until the indituned.
Electrodynamic braking is used cator lamp blinks out. The zero
to prevent overtravel of the steer- trim consists of a trimmer capaciing motor and to minimize the tor in parallel with the steering
variable capacitance and the main
possibility of hunting.
Sensitivities are so adjusted that tank capacitor. It will be found
This

d -c
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in practice that drifts are negligible if the initial alignments between
wheel and rudder are made after
a ten-minute warmup period.
It should be noted that the
heater of the receiver oscillator
tube is connected in series with a
similar tube used as a ballast resistor. This was done because
there was no six-volt equivalent of
the 2.5 -volt tube used in the original

receiver. In addition this arrangement permits running the heaters
at a slight overvoltage, effectively
saturating filament emission and
minimizing the effects of falling
battery voltage. Use of an additional tube rather than a series
resistor greatly reduces the period
the oscillator has to be warmed up
for reasonable stability. The oscillator plate supply was stabilized by
a VR150 to minimize the effects of
falling battery voltage and variable
dynamotor loading.
Polarity -Selective Amplifier

The polarity -selective amplifier
circuit mentioned in connection
with the rudder system merits some
special consideration. Basically it
consists of a special balanced
modulator input, single -stage amplifier, and double polarity-sensitive output stage, the whole so adjusted that plate current flows in
one output tube when a positive
signal is applied to the input grid,
and in the other output tube when
109
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input grid.
The balanced modulator converts
the d -c input signals into a proportionate a -c signal that is more
conveniently amplified and, in addition, indicates the polarity of the
input signal by the phase of the
a -c output. The balanced modulator
as used differs from the conventional balanced modulator circuit
in that an input signal is injected
into only one of the input grids, and
only alternating current is applied
to the modulator plate circuit.
Alternating current alone is used
in the plate circuit to reduce the
number of components necessary
in the modulator stage.
The grid not used for signal
injection serves to balance the
modulator. The modulator is balanced with zero input. The potentiometer connected to the balancing
grid is adjusted to the point producing minimum modulator output.
If the point of minimum output lies
at either extreme of the potentio-

MIXER

- 1ST

current. The output grid that is
going positive during the positive
inverter pulse will, of course, depend upon the polarity of the balanced modulator input. Thus a
positive input causes one output
relay to operate, and a negative
input causes the other output relay

meter, the modulator tubes are
reversed in their sockets and the
potentiometer is again adjusted for
minimum output. With the modulator thus properly adjusted, a positive input to the modulator grid
will cause an output signal of one
phase, and a negative input will
cause an output signal differing in
phase by 180 degrees.
The modulator output is amplified by the second stage and is fed
through the pushpull grid transformer into the phase-sensitive output stage. The two tubes of the
output stage are biased to cutoff
by a negative grid supply. The
plate circuit is supplied with alternating current from the same
small inverter that supplies the
plate potential for the balanced
modulator. Normally, then, neither
of the output tubes will draw current. When alternating current
appears in the grid circuit of the
output stage, the tube whose grid
is going positive during the positive pulse of the inverter will draw

a negative signal is applied to the

to operate.
The small capacitances connected

across the modulator plate transformer and across the grid transformer of the last stage serve two
functions. They bring the normal
peak of the transformer nearer to
the 50 -cycle frequency at which the
inverter operates, thereby increasing the effective gain of the amplifier and causing it to discriminate
against random noise created by
the inverter brushes. More important, the capacitances are
trimmed so as to compensate for
phase shifts that would otherwise
occur in the amplifier, thus making
the signals at the grids of the output stage either in phase or 180
degrees out of phase with the po 0.001
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FIG. 2-Receiver and control circuits used in model. All gun -firing circuits are identical to that shown at left of selector switch. The
elaborate series of manual switches provided in the boat to check operation and make adjustments has been omitted for simplicity
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tential applied to the plates of the
output tubes.
The electronic components in the
model are grouped into two units.
The receiver chassis contains the
tuner, subcarrier channels, and the
carrier -controlled channel used to
home the stepping switch. A separate chassis contains the polarity sensitive amplifier, inverter, and
two dynamotors used to supply the
receiver and amplifiers. On the
same chassis are the pentode that

ing coil and trimming capacitor
located at this point are used to
resonate the antenna to the mean
transmitter frequency. Coupling is
made from this loading coil into a
two -turn link which feeds a twisted pair shielded transmission line
leading to the receiver, where
coupling is made by means of a similar link into the grid coil of the
first detector. The mast tops are
bakelite rods which serve as insulators.

feeds the loudspeaker and the
voltage -regulating tube used to
stabilize the oscillator plate voltage.
The sensitive relays and the power
relays are mounted on two separate
panels.
The tuning mechanism of the receiver is coupled to the rudder drive
mechanism by a shaft and a pair of
gears.
The antenna used on the model
consists of a single wire led from
the stern forward over the tops of
the two masts and down into the
bow through an insulator. A load-

Installation and Operation
The power supply of the model
consists of two six -volt automobile
storage batteries connected in
series, with most of the six -volt
elements in the load distributed
equally between them. A few sixvolt relays are run in series with a
resistor from the twelve -volt
source, so as to permit a slightly
higher operating voltage. This
expediency provides positive relay
operation even when the battery
potentials have fallen.

DISCRIMINATOR

A -F OUTPUT

o6DooL-

TO

2.5

LOUDSPEAKER

LOUDSPEAKER

RELAY--1

6H6 l

1

/

Switches have been provided for
manual operation of the controlled
circuits. These are used for checkout prior to radio operation.
For operation, the transmitter
and receiver are turned on and
allowed to warm up for ten minutes.
During this period the relay circuits are generally checked for
operation with the manual controls
mentioned above, after which the
rudder and steering wheel are
brought into alignment by adjusting the zero trim. Control from
then on consists simply of turning
the wheel and manipulating the
two switches and pushbuttons used
to key five subcarriers and break
the main carrier. The system is
rapid and simple in operation.
Special thanks are due to George
Smithson and to Norma Carr for
their assistance in the completion
of the model and preparation of
diagrams. This article was written
with the permission and help of the
owner of the model, Mr. H. E.
Bixby.
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Plate supply voltages are obtained from two 6 -volt dynamotors, not shown, each delivering 250 volts at 50 ma d-c, while an inverter
delivering 250 volts at 50 cycles serves the phase -sensitive rudder amplifier circuits
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Three -Band
VARIABLE
Versatile pre -equalizer provides gain or attenuation adjustment in one -db steps independently in the low-, high-, or mid -frequency bands of the audio spectrum. Applications include
recording, rerecording, sound system compensation, and broadcast station equipment

variety of corrective networks used in audio equipment
is due to the great number and extent
of required corrections and to the
difficulty of adequately and rapidly
analyzing undesirable features in the
signal being transmitted, recorded,
or reproduced. In designing a single
equalizer of sufficient flexibility to
meet the diverse requirements usually encountered, one must decide what
frequency characteristics are to be
used, particularly if the total number
of units is to be minimized.
The material which follows describes a suitable equalizer system
which has been found easier to use
and more effective for the purpose
intended than any of the many types
previously employed by the writer.
In addition to this description, brief
design information is given so that
others may modify the circuits shown
to suit particular conditions.
THE

Characteristics

By L. D. GRIGNON
Development Engineer
Twentieth Century -Fox Film Corp.
Beverly Hills, California

An important operating feature,
too frequently excluded from correc-

tive network design, provides that
the 1000 -cycle insertion loss shall not
change appreciably as changes in the
response characteristic are introduced. A few moments of operation
with a network having this feature

1-10
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Ain FRFQIIFNf IF%
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Z +10

º
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NLU

be

Experience with sound systems and
in recording indicates that the majority of desired corrections exist in
either or both the low or high ends
of the frequency range. Intelligibility
must be maintained at all times and,
since this is most easily accomplished
by emphasizing the mid -spectrum
frequencies, a means must be provided to perform this function. Conversely, suppression of the mid -band
can frequently be used to make
harshness more tolerable, provided
intelligibility is not degraded.

are sufficient to prove the point.
Further, if the network is arranged
so as to be inserted in various circuits, it must introduce no insertion
gain or loss.
Accepting the above fundamentals,
the unit was designed so that low and high -end emphasis or suppression are in discrete steps achieved by
a shelf effect arranged to shift the
frequency of one-half loss or gain
further toward the extremes of the
signal band or nearer the mid-fre-
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FIG. 1-Representative frequency characteristics obtainable with the three -band variable
equalizer. Combining three curves, one from each group, gives the over-all response
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EQUALIZER
Front, rear, and bottom views of two -stage
amplifier (left) and control unit (right) of
equalizer system. Values of control capacitors are changed in pairs by the selector
switches on each side of the ganged
attenuator for the mid-frequency band

bands is introduced by rotating a
control in a counter -clockwise direction from a normal setting and emphasis is applied by rotating the same
control from the normal setting in a
clockwise direction. In either case,
suppression or emphasis is made progressively greater as the control is
manipulated further from normal.
As suppression or emphasis is introduced into any of the three frequency
bands, the insertion loss at 1,000 cps
does not vary more than 1 db.
Dial stops, which are readily adjustable, are provided on each control
to permit pre-setting or to provide
limits.
The system may be inserted into a
circuit without affecting normal
transmission, manipulations or usage
and, as previously specified, volume
corrections need not be made simultaneously with equalization, although
under some circumstances, particularly when low -end corrections are
applied, there will be an apparent
level change.

quenries, thereby affecting the normal circuit characteristics only to
the extent required by the necessary
correction. (This differs from the
usual manner in which only the slopes
of the characteristic are changed, the
hinge frequency remaining fixed.)
Maximum suppression is 4 to 6 db,
maximum emphasis is 8 to 10 db, and
the change between steps is approximately 1 db, measured at 100 cps and
7,000 cps.
ELECTRONICS

-

Mid -frequency correction is a
maximum at 2,750 cps and is variable
in steps of i db up to a total of 5 db

suppression or emphasis. Frequency
characteristics obtainable by the networks are shown in Fig. 1. Any combination of low-, mid-, and high -frequency responses can be obtained.
Insertion loss of the system of networks can be made zero by a suitable
choice of fixed attenuators.
Suppression at any of the three

Mid -Frequency

Section

Two constant -impedance networks
are used for mid -frequency control.
One is a suppression network of the
required shape and fixed in amount
at the desired maximum; the second
is an emphasis network connected in
series and variable in equalization by
an amount equal to the sum of the
maximum amounts of desired suppression and emphasis. At an intermediate point in the setting of the
113
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EMPHASIS NETWORK
(VARIABLE)

_^M/,
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(VARIABLE)

I
I

SUPPRESSION

I
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(FIXED)
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FIG. 2-Mid-frequency equalizer network

variable attenuator the frequency
characteristics of the two networks
are inverse and the net applied frequency correction is zero.'
To maintain constant insertion loss
at all correction settings, a second
variable attenuator having a 10 -db
maximum is mounted on the same
shaft with the correction network
attenuator, connected in series with
the other two networks, and mechanically arranged to maintain the total
attenuator loss at 10 db. The circuit
as described above is shown in Fig. 2.

considered when computing resulting
frequency characteristic changes.
Figure 3 depicts a two -stage amplifier with parallel feedback from the
second plate circuit to the input
cathode resistor. Feedback factor is
determined by the ratio of Z, to Z1
{ Z,.
If either Z, or Za, or both, are
made a function of frequency, as they
are in Fig. 3, the frequency characteristic of the amplifier will vary accordingly.

Feedback

Low- and high -end suppression or
emphasis can be controlled by capacitor -resistor combinations such as are
shown in Fig. 3. With a suitable
choice of resistors, capacitors, overall gain without feedback, and feedback factor the specified frequency
characteristics can be obtained by increasing or decreasing C1, C,, C or
C, in discrete steps, as follows :

Having introduced a loss of 10 db
by the introduction of the mid -frequency networks, it is necessary to
use at least 10 db of gain to maintain
zero insertion loss. By providing
amplification of greater than 10 db,
low- and high -frequency correction
can be realized by negative feedback.

''

The fundamental equation pertaining to negative feedback is
Net gain = A/ (1
KA)
(1)
where A is voltage amplification
without feedback and K is the ratio
of input feedback voltage to the output voltage. Examination of this
equation discloses that a two -fold
change in K will nearly provide 6 db
change in gain, provided that the
product KA is sufficiently large. Further, by selecting the proper value
for KA, the slope of the gain change
can be adjusted to a maximum of approximately 6 db per octave when
simple reactive combinations are
used. However, when K varies with
frequency because of reactive elements in the circuit, the phase angle
around the feedback loop must be

-

Low- and High -Frequency Section

Low -end suppression: Decrease
Low -end emphasis: Decrease
High -end suppression: Increase
High -end emphasis: Increase

C,
C.
C,

C.

Capacitors C, and C, are connected
into the circuit with a single switch
which is arranged to maintain C, constant while C, is being decreased to
produce low-end emphasis and, conversely, C, is held constant as C, is
decreased to give low -end suppression. Capacitors C, and C, are
switched in the same manner except
that either is held at the minimum
value while the other is increased, in
steps, to obtain high -end emphasis or
suppression.
So that the feedback path does not
adversely shunt the plate -cathode
branch of the output tube, it is desirable to keep the minimum imped-

114

ance of the path about twice the
nominal plate impedance of the output tube. At first thought, such a relatively low-impedance path may
seem unduly small, but in use the
effective plate impedance is considerably lowered by the feedback factor
and by the fact that as the path impedance is lowered to achieve equalization, plate impedance is likewise
lowered. Obviously, there must be a
limit and R, serves the purpose.
Because of the foregoing facts,
large values of A (Eq. 1) are used,
amounting to a voltage gain of 350
(measured without bypass on Ra) exclusive of input and output transformers. With the particular coils
used, the over-all gain is 50 db, which
is then reduced by the no -equalization feedback to 30 db. The greatest
change in net gain is then from 24 db
to 40 db, leaving 10 db minimum
feedback to insure stability and maintenance of characteristics.
Circuit Details

Theoretically, a two -stage amplifier
with only resistive feedback cannot
oscillate even though very large
values of KA are used. In practice,
this is modified by phase shifts
within the amplifier due to coupling,
bypass, and stray impedances so that
care must be exercised in design to
minimize such effects. A satisfactory
solution, when reactive elements are
included in the feedback path as in
this application, results when the
amplifier is flat in frequency characteristic within two db from 20 to
20,000 cps and has no abrupt changes
in gain.
The approach to the design of a
corrective amplifier such as shown in
Fig. 3 naturally depends upon how
many types of correction are to be
supplied and the order of magnitude.
The design approach for the unit
being described will be used as an
example.

First, determine the slopes of the
gain changes to be obtained, keeping
in mind that simple resistor -capacitor networks have a maximum reactance change of 2 to 1 for a corresponding frequency change and
may be limited to less than this ratio
by choice of configuration. Assuming
a given tube complement, the cathode
resistor of V, is determined within
certain limits and the minimum feedback impedance can be determined,
since the difference in gain estabJanuary, 1947
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lishes the maximum sum of desired the input and output essentially resuppression and emphasis.
sistive.
From all of these facts the product
Because the feedback network is
of KA and of each factor can be es- not of abnormally high impedance the
tablished. Obviously, there is more network controls can be placed in a
than one combination which will sati- separate unit which contains the two
isfy the conditions. Determination of capacitor accumulator switches, the
the values of the capacitor -resistor mid -frequency network attenuator
networks can most easily be made by with the compensating ganged atrecourse to the charts of Di Toro.' tenuator, and the feedback network
Some trial values and computations capacitors.
are indicated. Note that the zero Due to the potential differences
equalization conditions are deter- which gather on the switch contacts,
mined principally by
R", R4, R5, R1,
there will be some noise unless these
and R2 in Fig. 3 since both C1 and C, potentials are reduced by connecting
are made large for this condition and resistors between adjacent switch
Ca and C. are made very small.
contacts. These bleeder resistors can
Once the approximate components be made sufficiently low to reduce
are determined, the remainder of the noise without seriously affecting the
work is best done experimentally.
frequency characteristic. A further
Nominally, the blocking capacitor aid in maintaining low noise from
in the feedback path is made rela- the switches is the small difference in
tively large in order that appreciable attenuation between steps.
changes in feedback phase angle, or
The mid -frequency variable netreduction of the feedback factor, work has the usual characteristic of
occur at very low frequencies where varying the frequency at which onethe amplifier gain is low and the half attenuator loss occurs. As a restability requirements established by sult, the emphasis characteristic does
Black' and Bode' are met. The use of
networks as described permits an appreciable reduction in the capacitances of the coupling capacitor and
Cs due to the reverse effects of CI
which is made smaller than might be
expected to accomplish the desired
result. Proper proportioning of the
capacitors maintains the feedback
factor nearly constant over the useful
frequency range when set for zero
correction.
As previously mentioned, the amplifier at zero equalization gives a
gain of 30 db which must be reduced
to zero by attenuators. The system
of networks is assembled as in Fig. 4
FIG. 3-Method of connecting resistors and
with these attenuators, three fixed
capacitors in feedback path of two -stage
and one variable (in the mid -frequamplifier providing low -frequency and
ency section), located so as to make
high -frequency suppression or emphasis

R

400

500:500- OHM
T

PAD

not have the same shape as that obtained for suppression. The characteristic shown has been found satisfactory, but if this network were of
the so-called constant B type as described by Miller and Kimball" there
would not be the difference indicated.
Frequency characteristics do not
change with tube replacement nor
with a 10 -percent change in plate supply voltage. Total noise, measured at
the output of the system, is 87 db
below 0.001 watt, which is sufficiently
low to work into high -gain circuits
for recording or rerecording. The
minimum output capacity, including
the output attenuator, is 8 db above
0.001 watt.
There has been some apprehension
that feedback amplifiers with reactive networks in the feedback path
are apt to be less stable and more
susceptible to trouble than other conventional designs, but experience has
shown that this is not the case. There
has also been some aversion to the
use of other than constant -impedance
equalizers or additional amplifiers for
frequency correction purposes, which
has probably been due to ill effects
caused by changing impedance conditions or poor transient response in
such circuits. Both these faults are
minimized in this system, as indicated by square-wave and intermodulation tests.
REFERENCES
on networks as deDesign
information
(1)
scribed may be found in "Motion Picture
Van
Nostrand Co.
D.
Sound Engineering,"
Inc. New York, Chapter XVI.
(ï) Black, H. S., U. S. Patent 2,102.670.
(3) Terman, 1'. E., "Radio Engineers'
Handbook,' McGraw-Hill Book Co., New
York.
(4) Di Toro, M. J., Equalizer Design, ELECTRONICS, p 118, April 1944.
(5) Bode. "Network Analysis and Feedback Amplifiers," D. Van Nostrand Co. Inc.,
New York.
(6) Miller and Kimball, Journal of the
Society of Motion Picture Engineers, 43, No.
3, p 187, Sept. 1944.
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FIG. 4-Complete circuit of three -band variable equalizer. To raise lows, reduce C:; to raise .sighs, increase C,; to lower lows, reduce
C,; to lower highs, increase C,. Fixed resistors shunting rheostats are 50D ohms each
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Graphical Solutions
By HERBERT L. KRAUSS
Department of Electrical Engineering
Yale University
New Haven, Conn.

because in these circuits the alternating voltage across R, is E,
E,
the lowest possible value,
and thus very little current will
flow in R9. On the other hand, in
Fig. 1 the voltage across 'R, is E,.
Since E,
0.1 E, in many cathode
followers, a given value of R, will
look approximately ten times as
large to the signal source in the
circuit of Fig. 7 as it would in that
of Fig. 1. The circuits of Fig. 3
and 6 would give intermediate
values.
To illustrate the graphical solutions for the quiescent operating
points, the characteristics of a 6J5
tube will be used, with Rk = 10,000
ohms, and a plate supply voltage,
Ebb = 300 volts. The steps in the
solution are illustrated in Fig. 8.
(1) Draw a load line with slope
equal to -1/Rk through the point
E,,, on the plate characteristics of
the tube. (2) For convenience in

-

-E

-

FIG. 1-7-Types of input circuits for cathode followers

contains a number of articles on cathode
followers,'-'
covering
various
aspects of their operation. Two
methods of graphical solution have
been presented.'"
The method
which follows is thought to be somewhat simpler than the others, in
that only the conventional family
of plate characteristics for the tube
and a load line are required. Special
scales for cathode voltage and signal voltage must be determined for
each value of load resistance, but
this is not difficult after the quiescent operating point has been
located. Once the signal -voltage
scale has been provided, an analysis
for voltage or power output and
harmonic distortion may be made
by conventional methods.
THE LITERATURE

Assumptions

The load on the tube is assumed
to be a pure resistance in all cases.
Coupling and by-pass capacitors are
assumed to have zero reactance;
shunt capacitances due to tube elements, are assumed to have infinite
reactance. Where transformers are
used for coupling, they are assumed
to be perfect, that is, to have zero
winding resistance and leakage reactance, unity coupling, and infinite
primary and secondary inductance
with a finite ratio of transformaI

I

tion. For the sake of generality
the source of signal voltage is assumed to be an amplifier stage
which must be capacitance -coupled
to the grid of the cathode follower.
In some of the examples the circuit
may be simplified if capacitance
coupling is unnecessary.
Quiescent Operating Conditions

Figures 1 to 7 show common
forms of the cathode -follower circuit, differing only in the method
of obtaining grid bias. If high
input resistance is required the
circuits of Fig. 2 and 7 are best,

Symbols

e,
ek
e,,

= total instantaneous plate cathode voltage
= total instantaneous plate
current
= total instantaneous grid -cathode
voltage
= total instantaneous cathode ground voltage
= total instantaneous voltage developed across a portion of Rh,
as shown in Fig. 3 and 6
total instantaneous signal voltage, applied between grid and

age

E, = effective value of a -c grid cathode voltage

E, = effective value of
rP

=
=

ground
E
= quiescent grid-cathode voltage
Ek, = quiescent cathode -ground volt-

R,

E

R L' =

age
Eb, = quiescent plate -cathode voltage
= bias supply voltage
Ebb = plate supply voltage
e, = e,
E,, = instantaneous varying
component of grid-cathode voltage

-

-

Eh, = instantaneous varying
component of cathode -ground
voltage
I b, = quiescent plate current
E, = effective value of a-c signal voltrk

=
=
Rra =
Rk

a -c cathode ground (output) voltage
amplification factor of the tube
dynamic plate resistance of the
tube
grid leak resistance
cathode load resistance
plate -to -plate load resistance of
a push-pull amplifier
plate load resistance of a transformer -coupled, single -tube
amplifier, or = R,/ 4 for a pushpull amplifier

January, 1947
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for Cathode Followers
Survey of cathode follower input circuits and a method of computing design data for the
desired circuit from the conventional load line. Plate -loaded and cathode -follower amplifiers are compared. Several examples are given

computation, add a scale for ek below that for eb, using the relation
eb.
(1)
ek=Ebb
(3) Locate the quiescent operating
point (e, = 0) for the particular
circuit used. The method of doing
this is indicated below for each of
the circuits.
In Fig. 1 the grid is at ground
potential under quiescent condi(2)
tions. Thus E.. = -Ek.
defines the quiescent operating
point. From an inspection of the
operating characteristics in Fig. 8
this is seen to occur approximately
at the point where E.. = -14 volts,
Eke = +14 volts. It is labeled point
A in Fig. 8.
In the circuit of Fig. 2, Eco = 0
because the grid leak connects the
grid directly to the cathode. This
gives the operating point indicated
by B in Fig. 8. At this point

ec=0

-

= 163 volts.
The circuit of Fig. 3 gives an
operating point that lies between
those of the previous examples. The
grid is at the potential E.. above
ground where E.. is the quiescent
value of ea. The condition to be
satisfied is that

es -80
16

-2

-

located where E,.. _ -6 volts, and
E,,. = 89 volts. Then from Eq. 3,
Rk

=

Rk

(E,,a/-Eka) = 10,000

X

6/89 = 674 ohms, and
R,b

=

10,000

- 674 = 9,326 ohms.

This gives the operating point
labeled C in Fig. 8.
In the circuit of Fig. 4 the operating point may be chosen at will

-4
-6

12

26

D

-8
Io

-10
o

a

î
z

c

8

-12

-24
6

.46
4

-14

-66
2

Eko

E..)
E.. = -I,,. X Rkl = -(E.
= -Ek. x Rk,/Rk
(3)
where Rk = Rkl + Rk_
As an example, suppose that the
quiescent operating point is to be

8

14

FIG.

-8

00
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160

300

260

220

180

140

8-A

VOLTS

100

type 6J5 tube as cathode follower with
Ebb equal to 300 volts

by adjustment of the bias voltage,
E,.. From inspection of the circuit
it is seen that the condition

E..=E,,.+E..

(4)
must be satisfied. If the operating
point used in Fig. 3 (E.. = -6
volts, E,,, = 89 volts) is chosen,
E., = 83 volts.
The operating bias for the circuit of Fig. 5 is obtained by means
of the voltage divider R and R8 connected from B+ to ground. By
proper choice of these resistors a
quiescent grid-to -ground voltage of
any desired value (equivalent to
the E.. of Fig. 4) may be obtained.

240
60

200

Rk

280
20

-82

320

0

eb
ek

equal to 10,000 ohms and

Locate operating point as before.
The operating point for the circuit of Fig. 6 is determined in the
same manner as that in Fig. 3.
For Fig. 7, E.. = -Ib. X Rb (5)
If Rk + Rb = 10,000 ohms and operating point C is assumed, I,. =8.9 milliamperes and Rb = 6/ (8.9 X
10-3) = 674 ohms. Thus Rk = 9,326
ohms. These results are the same
as those obtained in Fig. 3. Since
R, is bypassed by C, in Fig. 7, the
a -c load resistance (R,,) is less than
the d -c resistance (Rk + Rb) . If
Rk were to be kept at its previous
value of 10,000 ohms, a new d -c load
117
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The above equation is equivalent to

the expression
E. = E. + E.
(7)
involving only the a -c components.
Thus in Fig. 8 at point D, e, = -4
volts, ek = 113 volts, and e, = -4
(-6) + 113 89 = 26 volts.
Other values for e, are found similarly and are indicated in a scale
along the load line. Once the scale
has been determined for
additional points on the scale may be
found by interpolation where necessary. Because of the low distortion
obtained in cathode followers, a
linear interpolation of values of e,
between the points previously
found is sufficiently accurate for
most purposes.

-

-

e

FIG.

9-A

direct -coupled circuit

line corresponding to R,, -I- R. would
have to be drawn. If the a-c load
line passes through operating point
C the value of R. may be found as
before. The d -c load line would
now pass through the operating
point and the point Ebb = 306 volts.
Thus the operating point may be
selected on the a -c load line and the
plate -supply voltage increased above
the previously chosen value of 300
volts by the amount of the bias voltage. This correction, which would
also apply to a plate -loaded amplifier
with a cathode bias resistor, will
generally be so small as to be negligible for all practical applications.
The choice of the operating point
is governed by the same considerations as in plate -loaded amplifiers.
If the point is too near
= 0
(point B of Fig. 8) the quiescent
plate dissipation may be excessive
or the grid may be driven positive
and grid current caused to flow. If
the operating point is too near the
other end of the load line (such as
point A of Fig. 8) nonlinear distortion is increased and the tube
may be driven to plate -current cutoff with a relatively small signal
voltage. Operating point C represents a good compromise since it
allows large voltage swings in both

E

FIG. 10-Vacuum-tube voltmeter

terminals of Fig. 1 to 7, or when a
by-passed bias resistor is used, as
in Fig. 7. In many applications the
difference between these two load
lines is negligible, and it is so
assumed in the example which
follows.
Using the load line in Fig. 8 and
operating point C, the required signal voltage (e,) is to be determined

for various instantaneous operating
points along the line. A convenient
method consists of determining the
amplitude of the signal voltage at
each intersection of the load line
and the tube characteristic lines.
The instantaneous values of e, may
be found from the relation

e,=e,,-E+e,,-Ek.
(6)
where
and E., are the values at
the quiescent operating point.

E

Operating

Conditions

Once the static load line has
been found and the quiescent operating point located, the dynamic
load line may be drawn through the
operating point. The a -c load resistance will be smaller than the
d-c load resistance whenever a load
is connected between the output

A sinusoidal signal voltage may
now be assumed, and the output
voltage or current may be analyzed
for fundamental-frequency and
harmonic components by the
methods usually employed for
power amplifiers.' It is important
to note that the signal voltage (e,)
scale must be used for this analysis
rather than the ee- scale which is
used for conventional amplifiers.
Using operating point C in Fig.
8 a signal amplitude of 80 volts is
necessary to drive the grid to zero
bias, at which point ek = 163 volts
and e, = ek
E,,, = 74 volts. When

Table

-

I

Fundamental -frequency power output and second harmonic distortion of a triode amplifier, plate-loaded and cathode-loaded. Triode -connected 6L6 tube with Ebb = 255
volts, E. =
22.5 volts, 1l2 E, = 22.5 volts
Plate -loaded
Cathode -loaded

-

RL'

ohms
1,700
3,400
5,000

P,

watts
1.78
1.71
1.53

Percent 2nd
harmonic
14.2
7.5
5.5

P,

watts
2.06
2.06
1.80

Percent 2nd
harmonic
13.2
2.4
0.6

-V2

E.

volts
122.5
148.5
160.0

Table II

directions with low distortion.
Dynamic

Distortion Analysis

Triode -connected 6L6 tubes in push-pull, with Ebb = 255 volts,
-I2 E, = 22.5 volts

Plate-loaded

E. _

- 22.5 volts,

Cathode-loaded

Percent 3rd
P,
Percent 3rd
.N2 E.
harmonic
watts
harmonic
volts
0.41
500
3.75
0-I83
1,000
0.36
4.20
0-E
114
1,500
0.23
4.02
0-1131
(In the push-pull amplifier RL' is the equivalent load resistance presented to the composite tube, and is equal to one-fourth the plate -to-plate load resistance)

RL

P,

ohms

watts
3.72
4.20
4.02
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the instantaneous signal voltage is
80 volts negative (this point is indicated on the load line), ek = 17 volts
and e. = -72 volts. Thus the
amplitude of output voltage is
nearly the same on the positive and
negative half-cycles, indicating
very little distortion. The voltage
amplification of the circuit is : A
V2 E./V2 E, = 73/80 = 0.91.
By contrast, if the circuit were
operated as a plate -loaded amplifier
with the same operating point and
V2 Ep = 6 volts, the coxfresponding
values of amplitude of output
voltage would be 74 for the positive half -cycle and -60 for the
negative half-cycle, giving a fairly
large percentage of second -harmonic distortion.
The conclusions to be derived so
far are that the cathode follower
has inherently low distortion because of its negative feedback; high
input impedance which is advantageous if the previous stage is
sensitive to loading; low output
impedance desirable for driver stage applications; but the disadvantage of requiring a signal input
slightly larger than the output
voltage.
Many useful applications of the
cathode follower as a coupling stage
between a high -impedance source
and a low -impedance load or as a
video amplifier stage have been

-

Ecc

FIG.

11-A high-impedance detector

cited in the literature.' The possibility of direct coupling to the
grid of the cathode follower from
the previous stage as indicated in
Fig. 9 should be considered because
it permits the elimination of the
coupling capacitor and grid leak
usually required. If the direct grid to -ground potential of the cathode
follower can be the same as the
quiescent plate voltage of the previous stage, direct coupling should
be feasible. Figure 10 shows another direct -coupled circuit which
has been used successfully in our
laboratory, where it was desired to
make selectivity measurements on
a tuned r -f amplifier stage. Since a
diode -type vacuum tube voltmeter
would cause appreciable loading of
the tuned circuit, and a consequent

Table III
Triode -connected 6L6 tubes in push-pull, with Ebb = 255 volts, E.. _
V2 Eo = 30 volts
Plate -loaded

P.

RI!
ohms

watts
3.66
4.30
4.37
4.28

500

1,000
1,500
1,700

Percent 3rd
harmonic
4.75
3.59
2.84
2.82

P.

watts
3.83
4.57
4.60
4.53

Plate-loaded

ELECTRONICS

P
watts
3.72
3.80
3.81
3.72

-

Percent 3rd
harmonic
11.0
10.9
10.0
9.0

- 30 volts,

Cathode -loaded

.2 E.

Percent 3rd
harmonic
1.07
0.35
0.22
0.0 +

Table IV
Triode-connected 6L6 tubes in push-pull, with Ebb = 255 volts, E.. =
Eo = 37.5 volts
RL'.
ohms
1,000
1,250
1,500
2.000

circuit

volts
93
126
147
154

- 37.5 volts'

Cathode-loaded
P.

watts
4.35
4.52
4.48
4.26

Percent 3rd
harmonic
2.9
1.8
1.7
1.8

'2 E.
volts
133
145
155
170
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FIG.

12-A transformer -coupled amplifier

reduction in gain and selectivity, a
cathode -follower stage was inserted
as shown.. The screen grid of the
6SJ7 may be operated at 75 to 100
volts, which is ft convenient range
for the quiescent grid -to-ground
voltage of the cathode follower. The
resistor R was necessary in the grid
lead to prevent oscillation of the
cathode follower stage.' A value of
R between 100 and 1,000 ohms is
generally sufficient to prevent
oscillation.
A -M Detector

The circuit of Fig. 11, with a
high value of Rk and an r -f bypass
capacitor C, will act as a detector
for amplitude-modulated waves.
The large value of Rk will cause the
tube to be biased near cutoff under
quiescent conditions. Thus the action is similar to that of a diode
detector with the added advantage
of high impedance presented to the
signal source. The disadvantage of
this circuit as a detector is that, no
matter how high Rk is made, the
bias voltage for the grid must be
developed across Rk, and a negative
signal equal to this bias voltage
must be applied before the tube will
cut off. Thus for small applied
signals no rectification will occur.
This difficulty can be avoided by
applying enough direct voltage in
the grid circuit to bias the tube to
cutoff, but this is not always a
convenient solution. The output
voltage of this detector is positive
with respect to ground, and therefore is not useful for avc purposes.
Because òf the low output impedance of the cathode follower, it

119

www.americanradiohistory.com

140

.75

.15

e=0

With the other values of load resistance the harmonic distortion is
reduced considerably by cathode
loading and the power output is increased about ten percent. In all
cases the large values of signal voltage required for cathode-follower
operation are a definite disadvange.

-7.5

hA

,

-30

00Fi',"
4051.5
,, `,80
20

V

00

60

103

.

49

33

4560

_

120

.135

Push -Pull

180

240;

.75

300

VOLTS45

..

360

-105

d
420
-165

480

60

ep

ek

13-A type 6L6 tube used as a transformer -coupled cathode -loaded power
amplifier with R', equal to 1,700 ohms (upper curve) and 5,000 ohms. E,,,, is 255
volts and
is -22.5 volts

E

E

The circuit for the cathode-loaded
push-pull power amplifier is shown
in Fig. 14. An examination of the
conditions to be satisfied for both
quiescent and dynamic operation
shows that they are identical with
the conditions for a plate -loaded
push-pull amplifier. The conditions

are:

FIG.

is sometimes useful as a power
amplifier if the load impedance is
subject to variation. The circuit
diagram of a power amplifier with
the load transformer -coupled into
the cathode circuit is shown in Fig.
12. Although fixed bias is indicated, cathode resistor bias such as
that used in Fig. 7 may be more
convenient as long as the operation is restricted to class A. A
graphical solution for the circuit of
Fig. 12 is similar to that for a plate loaded amplifier, except that scales
must be provided for e, and ek as
they were in Fig. 8. The quiescent
operating point is determined from
the plate -supply voltage and bias
voltage exactly as it would be for a
plate -loaded amplifier. Similarly,
the slope of the load line is determined by the reflected load resistance (RL') seen in the primary circuit of the transformer.
Figure 13 shows the graphical
construction for a type 6L6 tube
= 255
operated as a triode with
volts, E,, = -22.5 volts, and with
load resistances of 1,700 and 5,000
ohms on the primary side of the
transformer. A scale for e appears
below the e,-scale, and values of
e, are indicated along the two load
lines. Note that e = 0 at the operating point; thus e, is easily deter-

Power Amplifier

mined at any point along the load
line from the relation
e,=ek+e,
(8)
Table I summarizes the results of
calculations with three values of
load resistance for both plate loading and cathode loading. The same
grid -cathode voltage (V2 E, = 22.5
volts) was used in all cases, the corresponding values of V2E, being
given in the table for the cathode loaded amplifier. The fundamental frequency power output and percent
second harmonic distortion were
calculated by the method given in
reference number 8, with the assumption that harmonics higher
than the third were negligible. Note
that r, ~-- 1,700 ohms at the operating point-thus the values of load
resistance used correspond approximately to R,,' = r,, 2 r, and 3 r,.
For the 1,700 -ohm load the cathode loading does not reduce the distortion appreciably below the value
obtained with plate loading, because
the signal amplitude is such as to
cause the tube to be cut off during
part of the cycle (i.e., i, = 0 at e, _
-90 volts). If the signal amplitude
is reduced to 90 volts (=V2E,)
with the 1,700 -ohm load, P° = 1.31
watts and the second harmonic distortion = 5.1 percent.

quiescent -i,1 =

i,,,, ec1

=

1,e

_

-fie, Ae,1

=

www.americanradiohistory.com

e,.,

=

Er,.,.

id;

therefore fie,,

-De

(10)
In these relations the subscripts
1 and 2 refer to the two tubes of the
push-pull circuit, and id is the net
flux -producing component of current in the transformer primary.
This current is defined in the conventional manner° so that id X N, =
i, x N,,
(11)
where N, is the number of turns on
one-half the primary, and N., is total

secondary turns.
Since the conditions to be satisfied are the same for both cathode
loading and plate loading, the
graphical solution for plate -loaded
push-pull amplifiers is applicable.
A signal -voltage scale must be provided along the load line on the composite characteristics. Two 6L6

FIG.

14

--

A
cathode -loaded push-pull
power amplifier circuit
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tubes, triode -connected, were used
for this analysis. A comparison of
fundamental -frequency power output and third harmonic distortion
for plate -loaded and cathode-loaded
amplifiers under various operating
conditions is given in Tables II to V.
Conclusions

From the results of these calculations the following conclusions are
drawn concerning cathode loading
versus plate loading for power amplifiers :
The advantages in all cases of
cathode follower operation are the
high input impedance (with negative grid operation) and low output
impedance. The latter is particularly desirable when the load impedance may vary with frequency and
a constant load voltage is desired.
The disadvantages in all cases of
cathode -follower operations are the
large signal voltages required and
the possibility that the maximum
allowable cathode -to -filament potential of the tubes will be exceeded
under maximum output conditions.
For the single -tube amplifier, cathode loading will increase the power
output and reduce the distortion
compared to plate loading, provided
the signal voltage used for cathode -follower operation does not
drive the tube to plate -current cutoff (see Table I).
If the distortion is low for the
plate -loaded case (either single or
push-pull tubes) cathode loading
will not increase the power output
appreciably (see Table II). This is
logical since if the distortion were
negligible, the instantaneous excursions along the load line would be
exactly the same for either type of
loading. If the distortion is high in
push-pull plate -loaded operation,
cathode loading will reduce the distortion considerably and may increase the power output by more
than ten percent. (See Tables III
to V.) The increase in power output occurs because the negative
feedback with cathode loading acts
to increase the amplitude of the

fundamental - frequency
current
while reducing the harmonic currents. The value of equivalent load
resistance (R,') which gives maximum power output is approximately
the same for both cathode loading
and plate loading in each case conELECTRONICS

-
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sidered. With a fixed operating
point and fixed grid voltage amplitude this result would be expected,
since the excursions along a given
load line are approximately the
same for both types of loading.
The internal impedance of a tube
acting as a cathode follower is
r,/ (1 + ,u.)" If the Maximum Power
Transfer Theorem is applicable, a
load resistance equal to the internal
resistance of the tube would give
maximum power output. However,
this theorem holds only for strictly
linear operation of the tube with a
constant voltage generated in the
equivalent plate circuit, and thus
restricts the grid swing to small

characteristics (see the operating
point of Fig. 13, which is near the
maximum-plate-dissipation point) .
Then for small values of Rí the
maximum allowable value of E,
(which will not produce grid-current flow or plat-current cutoff)
will be quite small. With E, limited
to such a small value the power output will be less than the maximum
value obtained with the load values
and signal amplitudes noted earlier.
In conclusion it should be pointed
out that this method of graphical
analysis may also be applied to any
amplifier that has combined plate
and cathode loading, or for negative -feedback amplifiers. The scales

Table V
Triode -connected 6L6 tubes in push-pull, wit!, E51, = 255 volts, E« _
1 Eg = 45 volts (grid driven 7.5 volts positive)

Plate -loaded
R L'
ohms
1,000
1,250
1,500
2,000

P

watts
6.27
6.34
6.35
6.08

Percent 3rd
harmonic
10.7
10.2

9.2
9.0

values for the plate -loaded amplifier. This restriction is not so se-

vere for cathode loading because of
the reduced distortion. The equivalent generator for a cathode follower produces a voltage µE',/(1 -}µ)'°; thus it is the signal voltage
E, that must be kept constant in
this case rather than E,, while the
load resistance is varied to obtain
maximum power output. This follows also from Shapiro's graphical
solution' involving equivalent plate
characteristics for the cathode follower, wherein the input signal is
represented by the grid -to -plate alternating voltage which is identical
with the E used here.
Although the above arguments
are theoretically sound, certain

practical considerations prevent operation of the cathode follower with
load resistances comparable to
r,/(1
in order to obtain more
power output than is possible with
plate loading. The plate power dissipation of the tube under both
quiescent and dynamic conditions
must not exceed its rated value.
This will locate the operating point
relatively low on the family of plate

- 37.5 volts,

Cathode -loaded
P,,

watts
7.37
7.13
7.39
7.00

Percent 3rd
harmonic
2.2
1.8
1.5
1.6

1/2

E,

volts
169
181
196
215

for e, and

ek would be determined in
such a case by the amount of feedback voltage developed in the grid
or cathode circuit. Once these scales
are determined the analysis proceeds in the manner previously
given.
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WAVEGUIDE

DATA

Dimensions of rectangular copper waveguides covering the entire microwave spectrum in
accordance with FCC frequency allocations, with cutoff frequencies, curves of attenuation and power-handling capacity for each size, and performance equations
By LEONARD E. SHERBIN
Chief Engineer
DeMornay-Budd, Inc.
New York, N. Y.
MICROWAVE
FIELD
has
reached that stage of development where it is now desirable to
standardize on various waveguide
sizes. Since the physical dimensions of a waveguide determine the
frequency range over which it can
most satisfactorily operate, it is
desirable that waveguide dimensions be standardized according to
frequency allocations. This would
avoid need for two waveguide sizes
to cover a band of frequencies allocated to one service, as well as to
obtain the maximum efficiency from
a transmission line.
A number of systems for determining standards for waveguide
sizes have been put forth, all of
which are based upon the following
factors: (1) To use as few wave guide sizes as possible; (2) To have
the waveguides operate over as
wide a band as is practical; (3) To
choose the dimensions so that the
inherent losses are as low as possible; (4) To standardize on wave guides having the highest possible
power -carrying capacity; (5) To
choose the waveguides with characteristics compatible with FCC freJ.HE

quency allocations; (6) To use
waveguide sizes for which tubing
is available; (7) To choose dimensions so that the waveguide has the
necessary mechanical strength.
Cutoff Frequency

The cutoff frequency is that frequency below which a waveguide
will not transmit any energy. That
is to say, the wave will not propagate if it is below the cutoff
frequency of the waveguide. This
is borne out by the fact that the
characteristic wave impedance is a

pure imaginary quantity for frequencies below the cutoff frequency
of a waveguide.
The attenuation in a waveguide
below cutoff is a reactive attenuation. The waveguide looks like a
pure reactance to the source and
therefore the energy is reflected
back from the waveguide. The
action of a waveguide below cutoff
is analogous to that of a high-pass
filter below the pass band of the
filter. The characteristic wave impedance for a transverse electric
wave is
Z s = vtl

- (fe/f)'

(1)

where ZT8 = characteristic wave
impedance for a transverse electric
wave, ul = VIA/E, = intrinsic impedance of the dielectric, E1 = dielectric constant, µ, = permeability,
f, = cutoff frequency, and f = frequency.
For values where f , > f the
characteristic wave impedance is a
pure imaginary and hence no
energy can be propagated along the
waveguide. When f = f, the characteristic wave impedance is infinite and for an ideal waveguide
would represent a sharp transition
from an imaginary characteristic
wave impedance to a real one.
However, for practical waveguides
with imperfect conductors there is
a small amount of phase shift below
cutoff and some attenuation above
cutoff. Above cutoff, practical wave
guides have a real attenuation factor and a phase shift along the
axis of the guide.
The above discussion shows the
impracticability of using wave guides at frequencies below cutoff
for the transmission of energy. At
frequencies close to and just above
the cutoff frequency for a given
waveguide the attenuation -vs-frequency curve has a steep slope
with a relatively high attenuation
factor. This makes it undesirable
to use waveguides in this region.
The expression for the cutoff frequency for a transverse electric
or transverse magnetic
TM,,,, wave is

ae=\2
a/$+lb/
2

1-End view of electric field distribution in rectangular waveguide, and curves
showing voltage along longitudinal axis Z of a rectangular waveguide for various
voltage standing wave ratios
FIG.

122

(2)

where A. = wavelength at cutoff,
m and n are the subscripts for a
given mode, and a and b are the
inside dimensions for the wide and
narrow sides respectively as indicated in Fig. 1.
For the TEi,, wave, which is the
one used in practically all cases, Eq.
2 reduces to
January, 1947

-

ELECTRONICS

w

0.013

3"x 1.5"x 0.08"
TE, MODE

TE,

-ATTENUATION

0.011

r

lo

2"x 1"z 0.064"

r

ß4
1

..

-POWER

0.009

i

z

cr

p

N

3 0007

0.8

r

``

k

0003

1,600

3x00

2,400

0 )IB

M

0.005

'

i

I

t

z

$f

0.05

g
co

n

0.03

I

0.2

a m

3Coo

001
4,000

5400

4,600

3,800

6,000

FREQUENCY IN MC

022
1"x

0.4

{zÓ050"

g
U

0.8

2

018

z

04

0.1

1"z} x0.064"

ó

9Q

3

o

8p00

FREQUENCY IN MC

TE,p MODE

1

Al

016

....--POWEq

cl

rz 0.064"

h

007

a

ü

.01

4,000

TE10 MODE

g

-...1.

-ATTENUATION

41

FREQUENCY IN MC

0.2

1.2

'POWER

L

o

k

64"

MODE

s

J261

fU

TE,

-ATTENUATION

E

ó

I} -x} -z0.

2

0 MODE

0.32

TE IA MODE

I

032

0.
I

_

2
z

3
1_

0.12

0.6

t3

0.14

,. -ATTENUATION

ó
F

--ATTENUATION

z0.0

0.24

1

--POWER

_,,,.-ATTENUATION

ce.o
i
g

2

0.08

0417c

5

0.16
en-

1

-POWER

ir

0.06

1

cc

0.04

0.06

(12e

I

2

v

cre

Kí

Ho

á
0.24 4

'-POWER

co

0.1

I-1-

0.16
I

á
0.08

1

0.04

08

I

WY

a

I

o
5000

7,000

006,500
2

0

9,000

8.500

11,000

}

I

x

0

12,500

0.02500

10,500

8,500

2,500

FREQUENCY IN MC

02

0.2

}-x

10,,,50`

FREQUENCY IN MC

FREQUENCY IN MC

1

0.064"

v»o

100

40

}z ice 0040"
TE, MODE

TE,4 MODE

0.031"
TE 1p MODE

)
01

.16

3040

80
32

i

+-ATTENUATION

ATTENUATION

-ATTENUATION
!

0.14

.12

1032

60

24

i

9
2

Op

'POWER

sr!.

01

POWER

024

k

O

'

g

0.
p
p

S

006
1

POWER

N

40á
eo

032

16

0.24

8

9

,

Ñ

¢

016

20

w

002
N)Qo

I

12,000

16000

FREQUENCY IN MC

OOR

20,000

18,000
22,000
hntUUENCY IN MC

26,000

016

20000

28,000

36,000

44000

0

FREQUENCY IN MC

FIG. 2 -Attenuation and power curves plotted against frequency for rectangular copper waveguides having the length, width, and
thickness dimensions indicated. All operate in TE, mode. Two sets of curves for 1 x P/2 -in. size show effect of wall thickness
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X,

= 2a

(3)

This equation shows that for the
TE,.0 mode the a dimension of a
rectangular waveguide is the only
physical factor determining the
cutoff frequency. The cutoff frequencies of the waveguides included
in the various recommendations for
standardization are given in Fig. 2.
Operation at Higher Modes

In order to operate a waveguide
at its optimum efficiency the dominant mode is usually used. The
dominant mode is the lowest -frequency mode that will propagate
down the waveguide. The propagation of more than one mode in a
waveguide is undesirable as it results in impedance mismatches for
the various modes, along with re-

the attenuation and the greater the
power -handling capacity of the
waveguide. However, there is a
limit as to how large b can be made
before difficulties are encountered
with modes other than the dominant mode. The b dimension has
to be such that it will not support
any mode other than the TE,,o. In
practice the ratio of the b dimension to the a dimension is usually
less than 0.5 to avoid any possibility of the waveguide supporting
a mode other than the TE,,o.
Power -Carrying Capacity

E..2.6.63

X 10-4 ab

()

(4)

0

flections and the generation of where P = maximum power for the
spurious frequencies other than TE,,,o mode in watts, E,,,,.. = maxithe desired one at discontinuities. mum permissible voltage gradient,
If these spurious frequencies can ), = guide wavelength, ), = free
propagate down the waveguide they space wavelength, and a and b are
will have many detrimental effects. waveguide inside dimensions in cm.
This results in the loss of energy This gives the theoretical power
propagated down the waveguide, that a waveguide can handle
high standing wave ratios in the if the voltage standing wave ratio
waveguide, and very inefficient is 1, and is valid for given humidity
transmission of the microwave and air pressure conditions only.
The maximum field intensity ocenergy.
Therefore, it is essential that the curs where the electric field is
physical dimensions of a waveguide greatest. The greatest electric field
be so chosen that all modes, other is parallel to the narrow side (b
than the desired one, cannot dimension) in the center of the
propagate. This places the limita- broad side (a dimension). Theretion on the highest frequency at fore, the b dimension limits E,,,,,,
which a waveguide can be most since it determines the field intensity at which a voltage breakdown
efficiently used.
The TE,,,, mode is the next higher will occur. The maximum power
mode that could be propagated: By is proportional to the cross-secsimplifying Eq. 2 the cutoff wave- tional area ab of the waveguide and
length for the TE.0 mode becomes the ratio ), / X,.
equal to a. This places a limit on
A value of 15,000 volts per cm
the highest frequency of the band will be used in the calculations for
for which a given waveguide is E,,,,,r. This value has been arrived
suitable.
at empirically and is used by the
In practice, the upper frequency Army and Navy in applying power
limit is usually lower than the ratings to waveguides. Any intheoretical limit, so that moding crease in voltage standing wave
difficulties are avoided. The lowest ratio will decrease the power transverse magnetic wave which handling capacity of waveguides
can exist is the TM,,, mode and since the field intensity will then
since it occurs at a higher fre- have varying values along the
quency than the TE,,,o mode in the waveguide axis, with the maximum
sizes, value of field intensity being
recommended waveguide
there is no need to investigate fur- greater than if the voltage standing
wave ratio were unity. Any sharp
ther.
The b dimension is subject to corners, bends, twists, etc, would
compromise on many points. The tend to lower the maximum power
larger the b dimension the lower rating. Figure 1 shows (at upper
124

the increase in peak voltage due to
increasing standing wave ratios.
The graphs in Fig. 2 give the
maximum power -carrying capacities under ideal conditions and assuming an E,, of 15,000 volts per
cm for the TE,,, mode.
Attenuation

In a rectangular copper wave guide with air dielectric and for the
TE,, mode the attenuation is
«copper

The maximum power that a
waveguide can carry for the TE,,,,,,
mode is
P =

left) the electric field distribution
across a waveguide for the
mode, along with curves portraying

f

0.01107
a3/2

2

b

f

(f;/l3/1 (fe/l
\\

(fc /

-

1/2

(5)

1

o

where aee, = attenuation in db
per ft for a copper waveguide for
the TE,,0 mode.
For metals other than copper,
Eq. 5 must be multiplied by K,
where K is equal to the square root
of the ratio of the resistivity of the
metal used to the resistivity of
copper.
The values for attenuation in
waveguides as obtained by measurements run somewhat higher
than the values obtained by solving
Eq. 5. This is caused by such conditions as variations in plating,
impurities in the metal, dust, varying atmospheric conditions, and
corrosion.
Curves of attenuation vs frequency are also given in Fig. 2 for
various waveguide sizes, based on
Eq. 5. These curves indicate that
it is not desirable to operate a
waveguide at frequencies close to
cutoff. The attenuation is high in
this region and decreases rapidly
to the point where it is fairly constant. Also, wide -band operation
in this region is undesirable as it
would cause considerable distortion.
For narrow-band operation near
cutoff the attenuation is so
much greater that considerably
larger transmitters would have to
be used to obtain a comparable input to the antenna for most practical waveguide installations. In
receiving applications the increased
attenuation results in lower effective signal input to the receiver,
thereby decreasing the signal-tonoise ratio and sensitivity' of the
installation.
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o. 5b82b3b

CINCH MANUFACTURING CORPORATION, 2335

W. Van Buren St., Chicago 12, III., Subsidiary of United -Carr Fastener Corporation, Cambridge 42, Mass.

ELECTRONIC HEATING
REQUIREMENTS
a substance is heated
induction or dielectric
means, the power required to attain a given temperature rise at a
given rate is a basic consideration.
It depends directly upon the number of pounds of material, the specific heat, the number of degrees
temperature rise, and inversely
upon the number of minutes in
which the heating is to be accomplished. Neglecting heat radiation
and convection losses which are
usually insignificant below 1,500 F,
the pertinent power -temperature
rise information is presented in a
series of curves which are plots of
kw/100 deg F = 1.758 (lb/min) x
specific heat
(1)
In the graphs below a curve is
drawn for each of a selected number of specific heats ranging from
0.04 to 1.0; two graphs being shown
to facilitate accurate scaling for
large or small amounts of material
WHEN
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Examples

Suppose it is desired to heat 50
pounds of steel per minute from
50 F to 1,350 F. Using a specific
heat of 0.16 a value of 14 kw per
100 deg rise is obtained from
graph A. Then for 1,300 deg rise,
13 x 14 or 182 kw of thermal power
is required.
In another case, it may be desired
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material.
Two more factors of required
power enter in owing to the moisture; raising 0.2 lb of water/min
from 70 F to 212 F or 142 deg rise.
Using a specific heat of 1.0 for
water we have 0.35 kw per 100 rise
or 0.5 kw for 142 deg rise. In evaporating 0.2 lb of water/min, the
dashed-line curve of graph B indicates that 3.4 kw is needed. The
sum of these products, then, totals

SPECIFIC HEAT1.0

15-F
0.3

,/,/,/.// J9ßp%/
///////OMtu
I020

,
I

i6

\5

Jrargrií
/II//~'I

i

20

17

P?

0;/%%
0

differing by a factor of 10. The
dashed line curve represents the
power needed to evaporate water
and reads directly from the vertical scale in each graph. The evaporation curve is a plot of
kw = 17.05 lb/min of water evaporated
(2)

I

70-1.2
60

Baltimore, Md.

A

IF-

80

Deaign Engineer
1Vestinghonae Electric Corp.

I,

SPECIFICHEATI.O

100

to heat 10 lbs/min (dry weight) of
preforms, such as general purpose
molding compound, from 70 F to
270 F or 200 deg rise. Suppose this
material contains 2 percent moisture, all of which will be evaporated
by the time 270 F is reached. Using
a specific heat of 0.35, a value of 6.1
kw per 100 deg rise is obtained
from graph B. Then for 200 deg
rise, 2 X 6.1 or 12.2 kw of thermal
power is required to heat the dry

By A. P. BOCK
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POUNDS OF MATERIAL PER MINUTE

Thermal power versus heating rate for materials of various specific heats. The two graphs are identical except that the one
at the right is used for more accurate results with small quantities
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You Can't Touch
This Mallory Capacitor

(that's true in more ways than one)
or
No other capacitor made today can touch the Mallory FP for quality
dependability. There are many reasons why this is so. Some of them originate
in the extreme precautionary methods exercised at the Mallory plant.
Mallory technicians are aware, for instance, that salts (among other impurities)
present a constant threat to the service life of electrolytic capacitors. That's
why raw material impurities are kept to an absolute minimum-actually at
percentages equivalent to only a fraction of a part per million. That's why too,
at the Mallory plant, no human hand is allowed to come in contact with
capacitor cartridges or their ingredients.

Yours

for the asking!

Everything you want to know

about Mallory Electrolytic
capacitors-types, sizes, electrical characteristics-even
data on test measurements and

Hands perspire. Perspiration contains salt. Therefore workers are required to
wear rubber gloves. A small detail, but an important one. "Mustn't touch"
at the Mallory factory is still another reason why Mallory FP capacitors
are used everywhere with safety and confidence.

P. R.

mounting hardware!

MALLORY a CO. Inc.

L LO RYCAPAC

TORS

(ELECTROLYTIC, OIL and WAX)
P. R.
ELECTRONICS
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MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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TUBES AT WORK

200}i}t

2nu-

F

Edited by VIN ZELUFF
Method of Plotting Tracking Error
Magnetron Modulation
Hum-Reducing Circuit
Mechanical Klystron for Demonstration

128
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130
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138

Carrier Failure Alarm
Pulse Detector as Noise Limiter

(A)

142

150

Method of Plotting Tracking Error

I0

By E. B. MENZIES
Auckland, New Zealand
PLOTTING OF a

tracking error curve

is generally reckoned to be a more

tedious procedure than the original
calculations of correct oscillator inductance and padding capacitance.
A simple system for plotting
tracking error has proved to have
reasonable accuracy, and great flexibility. It is invaluable where it
becomes necessary, in the design of
superheterodyne coils, to make the
small inductance changes necessary

for perfect tracking.
It was proposed to wire the coils
under test with their correct tuning
and padding capacitors, and align
them in the normal manner. A signal generator would be fed into the
antenna coil (through the usual
dummy antenna) and the frequency
of the beat appearing in the mixer
plate checked at various positions
of the tuning capacitor; perfect
tracking keeping the frequency of
the beat more or less constant at

error.
The circuit is shown in Fig. 1.
The antenna coil is wired in a
Franklin oscillator circuit and the
output of this signal -frequency oscillator is coupled to the signal grid
Lu
\

;,,Y

ANTOR (GRID

PLATE
G
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j
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50,000

i

100

0.5

50,000
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0.1

MEGS,
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MEG05
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50,000

= 25000
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-

50,N F

ar

5NµF

MEG

the i -f frequency. The next step
was to make the antenna coil produce its own signal at the frequency
of the signal circuit by wiring it in
an oscillator circuit, and do away
with the signal generator input.
Thus, one section of the tuning
gang tunes an oscillator at the signal frequency, and another section
tunes the usual local oscillator. If
these two are combined in the normal mixer circuit, we have a beat
frequency in the plate circuit equal
to the normal i -f. By beating this
i -f signal with a signal of the same
frequency from a signal generator,
in a tube such as a 6L7, it is possible to listen with headphones in the
6L7 plate circuit to the tracking

SYNF

N

500) 2;0,000

l ai 0.1-j'6i

600HNF

_

G ID

PAD

6.3V
LINE

P

BP -L

r°i
TT 25,000}

250V

I00V

FIG. 1-Complete circuit for checking the tracking error in superheterodyne receivers
The coil terminals are lettered to indicate the corresponding connections in a typica

receiver
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2,00

F

i^\

H

B

(8)
FIG. 2 ---Loading circuits for connection to
the primaries of antenna and r -f coils

of the 6K8. The 6K8 oscillator circuit is normal. The i -f signal appearing at the plate is coupled to
the injection grid of a 6L7 detector.
The output of a signal generator,
tuned to the i -f frequency, is fed
into the other input grid of the
6L7, and headphones are connected
in its plate circuit.
Mixer Output

Although the signal in the 6K8
plate circuit contains beats equal
to the sum and difference of the signal and oscillator frequencies, as
well as traces of both their fundamentals and their harmonics, in
practice the amplitude of the difference frequency (normally used
as the i -f) is so large compared
with the beats from other harmonics, that these latter may be almost
disregarded. A bypass capacitor in
the 6K8 plate circuit removes some
of the higher order harmonics.
A gain control in the 6K8 cathode
circuit enables the operator to compensate for high signal oscillator
output driving the 6K8 signal grid
positive.
Fig 2A shows the constants required for loading the antenna
winding. The free primary does,
in most cases, show self-resonance
at some point within the tuning
range of the secondary. If there is
self -resonance, and the coupling coefficient is of normal value, the
January, 1947
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BY GUARDIAN
FACTORY STANDARD WITH SPECIAL VARIATIONS

Series 150
Series 500

Midget Relay
Use this relay where space,
weight and maximum power
delivery are primary factors.
Sturdy. Offers many contact
combinations. Maximum contact control capacity 8 amps.

Suitable where o small A.C.
control relay is needed or if
exposed to possible malad-

Series R Stepper
Three basic types for A.C. and
D.C. operation: (1) Continuous rotation, (2) Electrical reset, (3) Add and subtract. For

"make" before
fully completes
Remaining armature movement is taken up by

automatic circuit selection including automatic sequence;
automatic wave changing on
short wave transmitters; business machines; totalizers;
conveyor controls, etc.

justment. Equipped with
"spe:ial" spring tension contacts which
the armature
its travel.

the contact coil spring insuring
firm, wiping contact.

Fits in approximately 11/2 cu.
in. space.

Series 120

A small, compact relay.
An economical unit designed for control up to
single pole double throw.

Series 1-A Solenoid
The series 1-A Solenoid by
Guardian is one of numerous
types for intermittent and con-

Unique armature assembly prevents arcing. Low
priced, yet high in quality and performance.

tinuous duty. Applications include valve control and operation; electrical locking; clutch
and brake operation; material
eject on; spray gun operation
among others.

Series 40 A.C.
Laminated Relay
Designed to produce maximum output with minimum
current input. Typical uses include control of call system
bells; auxiliary for automatic
radio tuning; remote control
of fractional motors; safety
devices; instruments; sound
movie auxiliaries.

Series A-100
High Frequency
AlSiMag insulated, compact,
low cost. For antenna changeover; break-in; hi-voltage
keying; remote control of receiver and transmitter and
other high frequency applications.

Guardian Switches
Switch assemblies by Guardian are unlimited, ranging
from a single set of contact
blades up to multiple stacks.
The Guardian Featherub
Switch shown is actuated mechanically. Operates on manual, roll-over or cam action.
There are hundreds of others.
Contact blades are obtainable
in phosphor bronze, tinned to
withstand salt spray test, or
standard Guardian phosphor
bronze.

Introducing a new product? Redesigning an established favorite? You may be thinking in terms of a "special" electrical control. Yet, a basic type Guardian RelayStepper-Contactor-Solenoid-or Switch Assembly (each adaptable to many varia ions) may meet your "special" control requirements with utmost efficiency. In such
applications where sta.idard Guardian units become "specials," the savings in time
and money are substantial and you beat delivery schedules in the bargain. We urge
you-study the standa.-d Guardian units pictured and described above-there are
many more fully illustrated in the Guardian Relay catalog giving complete operating
details and variable contact data for each. Your copy is waiting. Write.

GUARDIAN C7ELECTRIC
V
1625-A W.
A
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coupled reactance of the primary
may shift the resonant frequency of

1,400-kc, the padder at 600-kc, and within the limits of mass -producthe 1,400-kc point rechecked. The tion manufacturing tolerance.
the secondary appreciably. Figure proper adjustment is indicated by
2B shows a loading circuit for the zero beat in the headphones.
primary of an r-f coil. The 10-µµf
When the gang is tuned from the
capacitor has been included as be- full -in to full -out position, if the Magnetron Modulation
ing a reasonably close approxima- oscillator inductance is correct there
tion to the output capacitance of should be three points of zero beat, AMPLITUDE MODULATION of a magmost of the r -f pentode tubes in 600, 1,000, and 1,400 kc. At other netron oscillator presents a number
normal use.
than these points the beat note in of difficulties, the most fundamental
A curve for normal oscillator the phones will vary in pitch with being the nonlinear relationship betracking is shown in Fig. 3. In the the position of the tuning capacitor. tween the anode and output voltcase of a simple superheterodyne,
The deviation from perfect track- ages. In practice, undesired frewe can assume that the original ing at any point may be measured quency modulation is often the most
calculations called for the three by leaving the gang set at that serious defect and the General
points of perfect tracking as 600, point and retuning the signal gen- Electric Co. of Great Britain over1,000, and 1,400 kc. These perfect erator for zero beat. It is possible comes this in an experimental
tracking points show as crossovers to determine exactly the deviation equipment by modulating the anode
on the curve.
in kilocycles from perfect tracking, voltage with a signal having a
and to tell if the oscillator signal is square waveform and repeating at
Method
high or low in frequency. It is a frequency of 17 kilocycles so that
While it may be possible to posi- then a matter of minutes to plot a the magnetron oscillates only durtion the 1400-kc crossover point curve. With an intermediate fre- ing alternate half periods. Audio
correctly by adjustment of the par- quency of 465 kc, a deviation of modulation is superimposed by vaallel trimmers, and to position the about 5 kc appears in order, par- rying the duration of the pulses of
600-kc point by adjustment of the ticularly with a standard gang modulation.
In reception, a lowpass filter,
series padder, only correct oscillator which would be almost certain to
which can be the human ear, concoil inductance will position the 1,- show some inaccuracy in itself.
000-kc point correctly. The effect of
The procedure in the case of an verts the pulse -width modulation to
too high an oscillator inductance is r -f coil is to remove the antenna amp.itude modulation.
to make the two higher-frequency coil, substitute the r -f coil, and
crossover points bunch together at leave all trimmers set as they are.
the high-frequency end of the tun- When the r -f coil primary is loaded
ing range, and to make the tracking correctly, rotation of the gang Hum -Reducing Circuit
error large at the lower frequency should produce a similar curve,
BY ALVIN H. SMITH
end of the tuning range.
with little or no alteration of the
Technical Supervisor
The procedure for taking a track- antenna trimmer.
Station KSCJ
Sioux City, Iowa
ing error curve is quite simple. The
If the equipment is made so that
antenna and oscillator coils are coil connections can be easily and THE CIRCUIT shown in Fig. 1 can be
checked first. The signal generator quickly made, then a tracking error used to reduce carrier hum in a
is tuned to the correct i -f fre- curve can be made in a few min- transmitter if the source of hum is
quency and connected to feed the utes. The system has proved itself 240 cps. It is particularly useful in
6L7. As in normal alignment, the here in a practical way, and the transmitters having a Scott -contrimmer capacitors are adjusted at accuracy would appear to be well nected two-phase filament supply
and has been so applied in a five kilowatt composite a -m broadcast
transmitter at KSCJ.
_
o
The a -c output of the circuit in
_
Fig. 1 is approximately 0.5 volt at
_
cr,W
O
240 cps. This voltage may be fed
V 4' lo
into the audio circuits of the transV
J.
-NORA AL CURVE
óÑ 5 1
mitter at any point desirable, obO
serving polarity of leads for canz
o
cellation of hum, also ascertaining
3 8
that other circuits are not adversely
IO
á
affected.
y,
7
A bridging circuit across the
Li
transmitter a -f input terminals was
0
used at KSCJ to insert the 240 -cps
550
650
750
850
950
1050
1350
1150
1250
1450
1550
a -c into the audio circuit, where
KC
after subsequent amplification and
modulation, it acts to balance out
FIG. 3-Curves showing the departure of a receiver oscillator from perfect tracking.
The dashed curve is that obtained when the oscillator inductance value is too great
the 240 -cps component generated
W

LL

j

OW
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5530 with terminal arrangement for grounded -grid application, as in Western Electric 3 kw

TYPE

FM transmitter.

with terminal arrangement for grounded plate application, as in Western Electric 10 kw FM
transmitter.

TYPE 5541

Western Electric
Forced Air Cooled Transmitting Triodes
Designed by Bell Telephone Laboratories, these new triodes are tops in performance in the 88 to 108 megacycle
FM band.
Their filaments are of thoriated tungsten-the most
efficient emitter for power tubes of these ratings.
Their rugged construction-brazed and welded metallic
joints, Kovar-to-glass seals, protected metallic vacuum
"seal -off", and self-supporting filament structure-insures long dependable service.

Filament-Thoriated Tungsten

Grid to Filament
Maximum Dimensions
Height
Diametes

ELECTRONICS-January, 1947

QUALITY COUNTS
TYPE

Filament Voltage
Filament Current
Amplification Factor
Maximum Ratings (Apply at frequencies up to 110 megacycles)
Direct Plate Voltage
Direct Plate Current
Plate Dissipation

Interelectrode Capacitance
Plate to Grid
Plate to Filament

Their terminal arrangements are designed for maximum flexibility of application. Tubes having identical
electrical characteristics can be "factory tailored" with
suitable attachments for special terminal requirements.
For further details: Call your local Graybar Broadcast
Representative-or write Graybar Electric Company,
420 Lexington Avenue, New York 17, New York.

5530

volts a -c
55 amperes
5

TYPE 5541

volts a-c.
55 amperes
7 5

26

26
4500 volts
2 25 amperes

8500 volts
3 25 amperes

3

10

kilowatts

23.0 mmf
0.6 mmf
20.0 mmf
7.11/16 inches
5-5/32 inches
'Tube shielded as in grounded -grid operation

kilowatts

25.0 mmf

1.5 mmf

21.0 mmf

9.25/64 inches
8-1/32 inches
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OUR

'S AND
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TO

400
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ELECTRONIC

RANGE

PREHEATING

THERMOSETTING COMPOUNDS

PLANNED ENGINEERING

DUPLICATING EQUIPMENT
HOBBING
SKILLED

ám 3F

FACILITIES
CRAFTSMEN

SC

P D Q DELIVERY BECAUSE WE MANUFACTURE
OUR OWN PHENOLIC MOLDING COMPOUNDS

-

%

a

141.4cam

UNIONVILLE
;32

all Uazr azatcac

CONNECTICUT
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Pittsburgh's new 5,000 -watt KC -J station
will shortly offer greatly improved reception to its expanding radio audience.
Facilitating their transmission tc selected
areas is this directional array of five 350
ft. vertical radiators, designed and erected
by Blaw-Knox.

BLAW-KNOX DIVISION
OF M.4WKNOX COMPANY

2077

ELECTRONICS

Farmers Bank Building, Pittsburgh 22, Fa.

-January,
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TUBES AT WORK

FROM THE SMALLEST

oM

(continued)

oNMS
oS 1E

, _--

tNS

TO THE LARGES
..,

1
1-Heaters and plates of the 25Z5
tubes are supplied by the same winding
that feeds the 343A tubes in the transmitter
FIG.

J

RESISTORS

L 0

Shallcross AkraOhm Resistor types are designed
to meet Joint Army -Navy
Specification JAN -R-93.

Moisture -proof, fungus -proof, or hermetically -sealed types.

DELIVERIES ON
SHORT NOTICE
(Special or Standard)

Standard or special mountings.

Any type of insulation or wire alloy. Temperature co -efficient control.
The user of Shallcross Akra-Ohm Precision Re-

sistors has an assortment of 54 standard types
-f

r

stwL $5:tlo'as

from which to choose. You can get the exact
r

needed resistance value, size and mounting
style

FREE!
THIS HANDY
ENGINEERING CHART

-

from standard stock items. Also,

Shallcross facilities for precision resistor pro-

duction are such that special adaptations can
be made on short notice at moderate cost.

Complete electrical and mechanical specifications on 54
Shallcross Akra-Ohm Resistors in convenient wall

All types have special humidity protection.

and file chart form.

cision specialists!

It pays to buy precision products from pre-

SHALLCROSS MANUFACTURING COMPANY
Dept. E-17, Collingdale, Pa.

SHALLCROS
Write for Bulletins on any of these products:

Bulletin-R-1
Precision Wire -wound
Resistors
Wire -wound Surge Resistors
Accurate Heavy -Duty Power
Resistors

Bulletin-D-2
Kelvin -Wheatstone Bridges
Wheatstone Bridges
Fault Location Bridges
Percent Limit Bridges
DC Instrument Power Supply

Bulletin

--

Standards

810

Resistance and
Decode Boxes

134

Bulletin-C-1

and C-2
Rotary Selector Switches

Bulletin

-G

Includes:

Bridges, Resistors, Decades,
etc.
Ayrton Universal Shunts
Radio Arm Boxes

Voltage Dividers
Unmounted Resistance
Decades

Portable Galvanometers

Megohm Bridges
Logarithmic Decade Boxes
Telephone Transmission
Test Equipment

Bulletin

-

F

Kilovoltmeters and K.V.
Multipliers
H.V. CoronaProtected

-

Resistors

Bulletin

LRT
Low Resistance Test Sets

Decibel Meters
Attenuation Pads
Attenuators
Fixed and

-

-

Variable
Potentiometers
step and
slide -wire
FM and Television Sound
Components

in the transmitter. This connection is shown in Fig. 1.
It is desirable to experiment with
different values of capacitance, as
resonance at 250 cps is desired in
both the primary and secondary circuits of T,. The wiring should be
kept out of strong r -f fields. The
ground connections should be made
directly to the center taps on the

filament transformers, rather than
just any transmitter ground. These
precautions are necessary in order
to prevent r -f pick up which produces an undesirable a -f output in
the 240 -cps hum-reducing circuit.
This circuit is largely self regulating as its input is taken from the
power amplifier filament supplyboth will increase and decrease together. The 25Z5 tubes must be
matched for best results.
As pointed out by Loy E. Batton
"Hum Compensator for Broadcast
Stations," (RCA Broadcast News,
Feb. 1935), the predominate hum
frequency using a 60 -cps supply is
240 cps. This fact was verified by
the use of a General Radio sound
analyzer.
With 14 db of inverse feedback
in the KSCJ transmitter, the following readings were obtained, before the hum-reducing circuit was
connected: at 60 cps, -68 db below
100 percent modulation; at 120 cps,
-56 db; at 180 cps, -67 db; at
240 cps, -47 db; and at 360 cps,

-60 db.

Using 14 db of inverse feed-back,
the noise reading on a General Radio distortion and noise meterused by many broadcast stationswas -41.5 db. A carrier noise reduction of 8.5 db was obtained with
the hum -reducing circuit, giving a
January, 1947
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ELECTRONIC BRAZING

UNIT
with

24 Station
INDEXING

Work Carrier
Delivers 5 Complete
Assemblies Per Minute
HERE'S a striking example of how
Scientific Electric Engineers increased brazing production output by
designing a special automatic machine
to operate in conjunction with Elec-

tronic heating.
A manufacturer of weather-proof
control box covers was already using
electronic heat to speed up production
in the brazing operation involved. But
greater production was urgently needed.
Each assembly was being inserted and
removed from a single heater coil .. .
one at a time.
To increase output Scientific Electric
engineers designed this compact circular, 24 station indexing work carrier
which operates from the 18 KW electronic generator at the left.

The operator merely loads the stations as they come around empty. Heat
is applied by three water-cooled induction coils under three of the work
positions. The coils are followed by
the vertically operating ejecting mechanism and a complete assembly is ejected
from the carrier each 12 seconds.
The carrier, which is operated by a
small motor can be applied to any of
our electronic generators depending
upon the heat input requirements of the
work to be handled. Normal output of
the unit illustrated is at 200 to 600 kc.
Workpiece output up to 20 per minute can be obtained and carriers, custom tailored to your requirements, can
be delivered within 30 days. Send us
your requirements today.

eieeeiä,

Sal>
Scientific Electric Elec-

tronicHeaters are made
in these power sizes...
and a range of frequencies up to 300 Megacycles depending upon

power requirements.

KW

18KW

5KW

25KW
40KW
60KW
80KW

3

71/2 KW

8KW
10KW
KW

100 KW

15KW

250 KW

121/2

Division of

teS"

CORRUGATED QUENCHED GAP COMPANY

119 MONROE ST.

wEMTlfI(

ELE(ixu

GARFIELD, N. J.

Manufacturers of
Vacuum Tube and Spark Gap Converters Since 1921
ELECTRONICS
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These tuning forks which include signed to test, measure or control
new engineering principles, pro- other precision equipment by mevide frequencies from l20 to 1,000 chanical, electrical accoustical or
cycles directly with an unquali- optical means.
fied guarantee of accuracy to 1
part in 100,000 over a wide tem- The dependability of these freperature range. (Better than 1 quency standards is being demsecond in 24 hours)- Closer tol- onstrated for myriad Rurposes
erances are obtainable on spe- in all climates and under all
working conditions.
cial order.
These tuning fork assemblies are If you have need for
low freavailable only in single or multi - quency standards of exceptional
frequency instruments of our accuracy, your inquiries
are inown manufacture which are de- vited.

TOP
FREQUENCY STANDARD
(60 cycle) for use with
external power supply

CENTER

CHRONOGRAPH
Records time intervals
with resolution to .001 second

BOTTOM

FREQUENCY STANDARD
(120 cycles) with
self-contained power supply

American Time Products, Inc.
580 Fifth Ave.
Dist.
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of

Western Electric

New York, N. Y.
&

-7

Watch':''

Master

\V tch-rate Recorders

January, 1947

-

r
ELECTRONICS

THE FINEST CORED

SOLDER IN THE WORLD

AVAILABLE
Special
High Conductivity
RADIO ALLOY
90 tin; 10 Lead

CRE
TMREE
.5011-00E.
LTD.
TICORE SOLDERS
ELLIER HO SSE

q Le

EIMOAOiuL VH

LQ

I

Our claim is a simple one. We believe that Ersin ' ticore is the finest cored solder in the world. If you
are not already familiar with our product, we believe it can be of specia: assistance to you in your soldering
Ersin Multicore is solder
processes wt -ether you are manufacturing 10,0C.0 radio receivers or repairing one
You get a guarantee of flux continuity.
in the form cf a wire containing 3 cores of non -corrosive Ers.n Flux
The Multicore constructcn gives you extra -rapid melting. Combined with a super active Ersin Flux-Exclusive
Available in 5
with Multicre-you enjoy a speec.y and consistently high standard of precision soldering
alloys and 9 gauges. Please write fcr detailed technical information and samples.

ERSIN MULTILORE
U.S.A. Distributor:

Brgis'it Gndnatries Corp., 315 Broadway, New York 7, N. Y.

Canadian Distributor:
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Sni-dor Radioelectric Ltd., 445 Craig St.

West, Montreal

(continued)

TUBES AT WORK

carrier noise level of -50.0 db.
Tests indicated that the 240-cps
component, for all practical purposes, was eliminated. From a listening standpoint this 8.5 -db reduction is very pronounced, as 240 cps
is readily passed by most receivers
and the ear is fairly sensitive at
that frequency.

Mechanical Klystron
For Demonstration
A SIMPLE but excellent model illus-

trating klystron action is shown in
the accompanying illustration.
It consists of a balanced horizontal hollow arm mounted on two
adjustable spring hinges representing the tunable resonator. At one
end of the arm a piece of close -mesh
gauze represents the catcher grid
and at the other end is an almost
vertical nozzle fed with water
through the hollow arm and a flexible rubber tube. The whole arrangement resembles a pair of
scales with the jet of water set to
shoot up in the air and to impinge
on the gauze as it falls.
Starting from rest, the random
motion of the water breaking into
globules produces sufficient agitation (corresponding to electronic

Model MX Smooth Power Motor

ENCLOSED FIND

cswv7/ir2
The new die-cast bearing brackets on Smooth
Power MX Phonomotors make them all 'round
better motors. They allow more accurate centering
of the motor in the field, which results in an even
torque and aids in the elimination of vibration.
This improvement is typical of the advanced
engineering that features our complete line of
motors, recorders and combination record -changer
recorders. Their quick pick-up to full, constant
speed, their quietness and freedom from vibration
and wow ... all will delight you and your customers.
Your own fine products will give smoother
performance when they're equipped with Smooth
Power mechanisms.

GENERAL
NDUSTRIES

THE

EPARTMENT
138

ME

co.

When the water stream starts flowing, it
hits the gauze grid and starts the see -saw
action. The result is spurts of water being
thrown to the gauze grid much like the
electron bunching in a klystron
January, 1947
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... SPRAGUE

CAPACITOR

ENGINEERING LEADS AGAIN
Photoflash units for war applications used Sprague `VITAMIN Q
Capacitors-because only Vitamin Q Capacitors could withstand the

GET THE FACTS!
PHOTOFLASH
ENERGY- STORAGE
DATA BULLETIN ON
REQUEST
Write for Bulletin #3205. Contains
specifications and performance data
on Sprague Vitamin Q Capacitors
-also helpful, up-to-the-minute information on photoflash problems.

PIONEERS

OF ELECTRIC AND

*Trademark Rea. U.

B. Pat. OR.

ELECTRONICS

-

severe service conditions encountered.

Privileged to work with the inventors of photoflash photography
from its early inception, Sprague engineers have contributed materially to its post-war development. Not only has the present line of
capacitors impregnated with the famous and exclusive Vitamin Q
dielectric established new standards of compactness, light weight
and dependability for electric flash tube (photoflash) photography;
equally important it paves the way for outstanding economies and
greater efficiency for capacitors for flash welding and time control
circuits where duty cycles other than photoflash conditions prevail.

ELECTRONIC PROGRESS

sp,RACUE
SPRAGUE ELECTRIC CO.,

North Adams, Mass.
139
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NEW all metal

WESTON

/e

MUM///9
ermometer)
/fey/
MINIMUM

e

c

`--RED INDEX shows the highest
or lowest temperature reached
Simply swing the red index to the low side of the temperature pointer, and the index
will move to the lowest temperature reached, and remain there until manually reset.
For highest temperature record, simply swing the red index around to the high side
of the pointer.
The index movement in no way impairs the guaranteed high accuracy of the
\VESTON Thermometer.
Thus the WESTON Maximum-Minimum Thermometer provides, at only slightly
above ordinary thermometer prices, a means of obtaining high or low temperature
records on equipment or processes where these extreme temperatures are critical.
Ideal for transformers, sterilizers, ovens, chemical equipment, food processing, etc.
For complete information, consult your nearest WESTON representative. WESTON
ELECTRICAL INSTRUMENT CORPORATION, 618 Frelinghuysen Avenue,
Newark 5, New Jersey.

.

Weston e9
ALBANY

ATLANTA

P1W ORLEANS
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BOSTON

NEW YORK

BUFFALO

PHILADELPHIA

CHARLOTTE

PHOENIX

CHICAGO

PITTSBURGH

CINCINNATI
ROCHESTER

CLEVELAND

DALLAS

SAN FRANCISCO

DENVER

SEATTLE

DETROIT
ST. LOUIS

JACKSONVILLE
SYRACUSE

KNOXVILLE
IN

CANADA,

LOS ANGELES

NORTHERN

ELECTRIC

MINNEAPOLIS

MERIDEN
CO., LTD

Ja ruory, 1947

,

NEWARK

POWEALITE DEVICES, LTD.
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TRONICS

means lower
timate cost
Ordinarily you don't speak of the
uniformity of a batch of springs in
the same breath with cost. But
the two are really inseparable
... variations in the size and
shape of springs can cause
the loss of dollars worth of
assembly time ... variations
in load characteristics can result
in unsatisfactory operation
of the finished product.
Here at Accurate you'll
find skilled springmakers and
practical, experienced engineers
people who realize the
importance of uniformity to
you. Why not make it a
point to discuss your spring
problems with u ACCURATE
."CO., 3830 W.
Lake Street, Chicago 24, Illinois
Load testing is one of
several controls exercised at Accurate.

Send for your copy of the new

Accurate Spring Handbook.
It's full of doto cnd formulae
which you wil' find useful.
No obligation of course.

ELECTRO N CS
I

-
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s®®
WASHER
FOR SEMS

SCOVILL!

SCREW ASSEMBLIES

FOR PHILLIPS

Washer permanently fastened on, yet
free to rotate. Easier, faster driving.
No fumbled, lost or forgotten washers.
Matching finish on both parts. Easier
ordering and balanced inventories.

HEAD SCREWS

Increase assembly speed up to 50%!
Cut down injuries to workers with no
burrs, no skids. Reduce production costs.
Reduce rejects! Impr2ve product ap-

pearance! Go modern with Phillips!

AD SCREWS

FOR CL

RECESSED

FOR SPECIAL

COLD-FOIRGED

FASTENINGS

(continued)

agitation) to initiate oscillation of
the arm, providing that the jet
velocity is correct. The jet then
starts rocking with simple harmonic motion as the globules hit
the gauze grid and so the water
globules are modulated in velocity.
During one-half of the stroke,
the water is accelerated and during
the other half retarded, with the
result that the drops bunch in a
most striking manner and when the
system is tuned correctly they hit
the gauze on its downward path and
so maintain oscillation. Thus, over
one cycle more energy is given to
the system than is absorbed by
friction.
A model on these lines is particularly suited to explain klystron
action as bunching is quite plain
from the droplets of water in mid
air and, when the jet velocity is incorrect (corresponding to improper
beam voltage), the oscillations do
not build up or even maintain themselves. The model described was
built by the research laboratory of
the British Thomson -Houston Co.

Carrier Failure Alarm
By RICHARD E. THORNTON
Studio Engineer
Station K%YZ
Houston, Texas
latest type recessed -head screw.
Screw locks on driver. Can't fall off.
No screw -driver slippage. Easy to assemble. Exceptional driver life. Ordinary screw -driver may also be used.
The

Scovill is expert in cold -forging unusual
special fastenings, such as the one
shown. Scovill desigring ability, engineering skill, men and machines save
money for customers. Consult Scovill!

THIS STATION has an auxiliary
transmitter in the same location as

Look at the fastenings you're now using-and see if they're
the best for the job. Get better results-at less cost-with
modern fastenings. If you use fastenings in large quantities,
it will pay you to find out what Scovill can do for you. Fill
out and mail the coupon

below-now!
MAIL COUPON TODAY!

COMPANY
SCOVILL

QUALITY FASTENERS
FOR

QUANTITY CUSTOMERS

MANUFACTURING

DIVISION

WATERVILLE
48,
WATERVILLE
on:
more information Assemblies
Please supply
Screw
Washer
Screws
O Scovill SEMS
Recessed Head
O Scovill PHILLIPS HEAD Screws
CLUTCH
O Scovill Special Cold -forged Fastenings
Scovill

0

N

AME-

COMPANY
ADDRESS_
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SCREW

PRODUCTS

EI

I

the control room and studios, and it
became a problem for the studio
staff to efficiently employ the auxiliary transmitter when the regular
five -kilowatt transmitter went off
the air due to power failures and
other emergencies.
The regular monitoring system in
the control room was capable of
being fed off the audio output of a
monitoring receiver, but during bad
weather and lightning storms was
practically impossible to use for
program purposes. Several procedures and systems were suggested
but were not satisfactory. Upon
several occasions the regular transmitter was off the air for several
minutes before the studio operator
was notified, due to unavoidable
complications.
An alarm system was incorporated in the receiver itself, thereby
reducing size of unit necessary,
wiring, and simplicity. An RC corn January, 1947
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CONCENTRICITY...
For Uniform Transmission Characteristics
in High Frequency Lines
IN COAXIAL CABLES, more than in any other types, accurate relationship

between the component parts is essential.
Concentricity and uniformity of conductors and dielectric join in Anaconda Coaxials to effectively fulfill the objectives of electrical designers.
Each type is specifically designed to serve best in the intended application. All electrical characteristics are held within close limits to uniform
standards assuring accurate surge impedances.
In addition to manufacturing standard types of coaxial cables, Anaconda
offers research and engineering facilities to meet needs for specialized types.

1

Nam mu I owire 5.0
taimmumaimmarmeadi

46306

eeeei9e

ANACONDA WIRE & CABLE COMPANY
GENERAL OFFICES: 25 Broadway, New York City 4
Subsidiary of Anaconda Copper Mining Company
Sales Offices in Principal Cities
CHICAGO OFFICE: 20 North Wacker Drive 6
ELECTRONICS

-

Write for these useful, new folders containing
characteristics of Anaconda high -frequency coaxial cable and television lead-in lines. Address:
Anaconda Wire & Cable Company, 25 Broad..
way, New York 4, N. Y.
143
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PRECISION WIRE WOUND RESISTORS

WHEATSTONE BRIDGES

RADIO & ELECTRONIC TEST EQUIPMENT
RADAR ASSEMBLIES

PHONOGRAPH TURNTABLE UNIT The need at this time for
large
quantities of phonograph turntable assemblies has prompted us
to
quickly design and tool
up for the
production of this item.
Engineers will
this compact turntable meeting all of

immediate.,,
IJ

Type

C

Maximum resis-

tance 500,000
ohms.

their requirements for performance.
-Correct and uniform speed is secured
through the use of a motor of ample capacity, preloaded
to operate on the flattest portion of the torque -speed
characteristic.
PERFORMANCE:

QUIETNESS:

-

assured by full -floating rubber
motor mountings and rubber cushioned drive.
Permanent freedom from turntable wobble
is guaranteed by an extra rigid turntable,
an extra long bearing and precision
machining of these parts.

Type A
Maximum resistance 1,000,000
ohms.
Type XM

Instrument resistance shunt .T
ohms or lower.
25 watts.

Is

-

RELIABILITY:
The motor is fan cooled and will operate continuously with an excep-

tionally low temperature
rise. All bearings are of
ample size and are

Type

B

Maximum resis-ance 1,000,000
ohms.

We will make special resistors
to any value or tolerance.

provided with self-

lubricating
features.

Type C

Type A

41
New York Sales Office
Turney & Beale
215-05 27th Aye.
Bayside, Long Island, N.Y.
Tel. BA 9-8958

144

Type

ROTARY SELECTOR SWITCH
Designed for use where low contact resistance and mechanical sturdiness is
required. Its construction insures long
wear with low contact resistance of less
than .001 ohm. May be arranged to have
several sections to obtain multi -polar
switching.
Well suited for precision test instruments; shunt ammeters, thermo-couple
types, Wheatstone Bridges, and similar
devices.

B

CHESTNUT STREET, NEW HAVEN, CONN.
Chicago Sales Office
Bauman & Bluzat
2753 West North Ave.
Tel. Humboldt 6809

J.

Boston Sales Office
Pemberton Square
Tel. Capitol 2425

11

E.

Oliphant

and Company
505 Uhler Building

Marion, Ohio

Toronto Sales Office
Engineering Co.
137 Wellington St. West
Toronto, Canada
Tel. Adelaide 5366
C -H

January, 1947

-

ELECTRONICS

THE VITAL LINK IN EVERY

INDUSTRY...

WILCO CONTACTS
lepIee

tIe,00wer hoy»

gf

WILCO PRODUCTS INCLUDE:
CONTACTS
Silver - Platinum - Tungsten
Sintered Powder Metal

applications where life itself may be involved, as well as in
every -day indusirial applications, WILCO CONTACTS assure a
steady, uninterrJpted flow of power. WILCO CONTACTS
function dependably in every range of frequency operations
by bringing to each operation requisite ductility, hardness,
density, freedom from sticking, low metal transfer, high
conductivity and arc -resistance.
You, too, can depend on WILCO CONTACTS to keep the
power flowing in your products through the matchless qualities
provided by exclusive WILCO processes. WILCO engineers
will gladly help you select from a great variety of available
WILCO contact materials the particular contacts suited to your
needs-or develop new alloys for special purposes.
In

THE

H. A.

Alloys

THERMOSTATIC BIMETAL
A0I temperature ranges, deflection
rates and electrical resistivities.
SILVER CLAD STEEL

JACKETED WIRE
Silver on Steel, Copper, Invar or
other combinations requested.
ROLLED GOLD PLATE AND WIRE

NI -SPAN C*
New Constant Modulus Alloy
SPECIAL MATERIALS
* Rra. T.ade Mark, The International Nickel Co.. In:

WILSON COMPANY

105 Chestnut Street, Newark 5, N. J.
SPECIALISTS FOR

-

Branch

Offices: Chicago, Detroit,

30 YEARS IN THE MANUFACTURE

OF

THERMOMETALS

Los

Angeles

ELECTRICAt

CONTACTS

PRECIOUS

METAL BIMETALLIC

PRODUCTS
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NOW:.. electrical Impulse
Measurement from

D. C.

to 100

es per Second!

(continued)

bination was used between the output transformer and the plate of
the first audio stage, so that the
feedback level would be appreciably
more than monitoring level. The
output of the receiver speaker, with
carrier on, was not enough, however, to impair monitoring on the
regular master control room
speaker. In this way, the receiver
may be tuned and audio level set
satisfactory to the operator on duty.
As long as the carrier is on, static free monitoring off the transmitter
bus is accomplished. If, for any
A F
A -F

I

o

-F

6H6
,roo
f

-

Krzir`z+gKO. :L4,.,.

FEEDBACK

NOT
USED

Simple additions to the circuit of a monitoring receiver form a carrier failure alarm

Brush Single -Channel Magnetic

reason, the carrier ceases, the relay
switches in the feedback circuit,
and the resulting tone signal overrides any level that the monitor may
be feeding to master control.

cially suited for strain gauge,

Circuit

ij

Oscillograph with amplifier. Espe-

temperature and similar recordings.

Brush Oscillographs make direct-inking recordings
Brush Magnetic Oscillographs may
be used for making detailed recordings of electrical impulses for an almost limitless number of applications.
The Magnetic Pen Motor is capable
of recording a D.C. signal. Used with
the BL -905 amplifier, the frequency
range is from .2 to 100 cycles per
second. Recordings are direct, instantaneous, ink-on -paper graphs. Can be
used for recording strains, pressures,
vibrations, temperatures, light intensity and countless other phenomena.

Brush Double -Channel Magnetic
Oscillographs for use where Iwo
simultaneous recordings are desired
-as in synchronizing problems.

Write today for detailed bulletin.

The

BRUSH
Development Company
3415 PERKINS AVENUE

CLEVELAND 14, OHIO

Canadian Representatives:

A. C. Wickman (Canada) Ltd.,

P.

O. Box 9, Station N, Toronto 14
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An extra i -f transformer was
coupled to the plate of the last i -f
stage through a small coupling capacitor. The secondary of the added
unit was tied to the plates of a
H6 and a sensitive relay inserted in
series with the cathodes of the 6116,
as shown in the diagram. A one -ma
relay performs admirably. A capacitor was tied across the relay
winding to prevent chatter due to
modulation.
Adjustment of the unit is not
critical. The carrier is applied to
the antenna input terminals of the

receiver and the r -f gain advanced
on the receiver to a point slightly
beyond that necessary to actuate the
relay. This advance is necessary
due to the fact that slightly more
current is required to reset the relay when the carrier comes back
on after a dropout than is necessary
for initial adjustment. The i -f
transformer is tuned to resonance
January,
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A glance at the new Duodecal socket shown
below will demonstrate the complete fulfillment of
television's demand for a socket of full flexibility
and highest quality for the new series Duodecal
base television viewing tubes.
tabThis is typical of the pioneering which h
n
lished Amphenol leadership in the desi
manufacture of TV and FM components.
The activity of Amphenol engineers in the higher
frequencies enables them to sense in advancs the
needs in these fields. The new Duodecal sock st is
but one of many such Amphenol firsts which inc.ude
efficient Hi -Q tube sockets, octal angle sockets for
cathode-ray and other tubes, Twin Lead parsllel
transmission line, FM and television receiving antennas, solid dielectric coaxial cables, and specialuse cables for television color cameras and for
facsimile.
Write for Data Sheets on these new products.

AMERICAN PHENOLIC CORPORATION
CHICAGO 50, ILLINOIS

SOCKET
O

FEATURES
Six locations neat

E

DVODECA`
radially
leads

bringing
wiring harness,

out

nim

in one
i

s

eliminatElectrical
onnec
encloses connections,
ter lly
due to flexing.
cap
in Ream socketas solder terminals
high -voltage
bringing
min
ing breakage
n
able.
able
this is desir0
hazard
shock
extra °pen'rately when
--plated
°f
type cadmium
fout lines
provide
wrap-around
rapis
pout
d
Latest°
black
hosphtr-beá h tube pin'
phosphor-bronze
get are molded
on
of soc
contact
and
Cap bakelite.
inerte screws
eliminates
electrical
assembly
Spring-ring
pins.
drive
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COAXIAL CABLES AND CONNECTORS

ELECTRONICS-January,

INDUSTRIAL CONNECTORS. FITTINGS AND CONDUIT

ANTENNkS

ti JIO COM

UIENTS

PLASTICS FOP ELTCTROYICS
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This kind of arithmetic
may put Johnny through college
Here's how it works out:
$3 put into U. S. Savings Bonds today
bring back $4 in 10 years.

will

Another $3 will bring back another $4.

So
8

it's quite right to figure that 3 plus 3 equals

... or 30 plus 30 equals 80 ... or 300 plus

300 equals 800!

It will ... in U. S. Savings Bonds. And those

bonds may very well be the means of helping
you educate your children as you'd like to have

them educated.
So keep on buying Savings Bonds-available
at banks and post offices. Or the way that millions have found easiest and surest-through
Payroll Savings. Hold on to all you've bought.
You'll be mighty glad you did ; ; .10 years

from now!

SAVE THE EASY WAY... BUY YOUR BONO3 THROUGH PAYROLL SAVINGS

Contributed by this magazine in cooperation
with the Magazine Publishers of America as a public service

148
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With Leading Stations from Coast to Coast

it'sF M

Federal

by
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FEDERAL'S SQUARE LOOP ANTENNA

MULTIPLIES POWER OUTPUT

The 8 -Element Square -Loop
Antenna - an outstanding Federal development gives your
FM station an effective radiated power more than eight
times that of the transmitter
rating. A single adjustment per
loop tunes for any frequency
from 88 to 108 mc. Complete
antenna and rugged supporting
tower are designed to withstand

-

heavy winds and icing loads.
FEDERAL FM TRANSMITTERS FEATURE

"FREQUEMATIC"* MODULATOR

The "Frequematic°' modulator -an exclusive feature of
every Federal FM transmitter --assures outstanding fidelity and mean carrier stability. Simple all -electronic
circuits with standard receiver tubes simplify initial
alignment and reduce maintenance expense. Holds center frequency within .001%.

Signal-to-noise ratio reduced to 5600 -to -1.

TODAY, station operators everywhere look to FM
for finer broadcasting. And they look to Federal
for the finest in FM. Already, Federal equipment
is on the job in major FM stations throughout
the country-setting neW' records for performance

and dependability.
Remember that FM by Federal means complete equipment-and complete service, too. For
Federal can supply your entire transmitting system, from microphone to antenna-all components precision engineered and designed to work
together. And Federal will see the job through
until your station is on the air. Factory -trained
engineers will supervise installation, tune the
equipment, and instruct your personnel in its
operation and maintenance-all without extra
charge. For complete information, write today
to Dept. B-213.

*Trade .tlnrk

Federal Telephone and Radio Corporation
Canada:-federal Electric Manufacturing Company, Ltd., Montreal.
Export Distributors:-International Standard Electric Corp. 67 Broad St., N.Y.C.
In

ELECTRONICS-January,

"Y-?et

,

1

Newark 1,
New Jersey
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(continued)

by means of maximum reading on
a 0-5 ma meter in series with the
cathodes of the 6H6.
Since installation, there have
been no failures of the alarm and
it has saved quite a bit of other-

wise lost broadcast time.

Pulse Detector as
Noise Limiter

MEER
MPo,ER

RECOMMENDED
By American Standards Association (Bulletin
C75.17-1944) as being exceptionally well-

suited for establishing a uniform method of
noise -testing fixed composition resistors. The
high sensitivity, averaging type of indication,
and stable operation make the above combination ideal for making noise measurements. Model 300 Voltmeter reads from .001
to 100 volts and Model 220 Decade Amplifier
supplies standardized gains of 10x and 100x.
Frequency range 10 cycles to 150 kilocycles.
Descriptive bulletin available

BALLANTINE LABORATORIES, INC.
BOONTON, NEW JERSEY, U.S.A.

150

A METHOD of c -w reception without noise has been demonstrated in
several cities around the country
by Don L. Hings, vice-president of
Electronic Laboratories in charge
of research.
Called a pulse detector, the equipment consists of a six-tube unit that
is attached to a conventional communications receiver. Its circuits
operate to prevent noise from entering the audio stages of a receiver
and when a c -w signal is received,
it allows a local audio oscillator to
feed the loudspeaker and reproduce
the keyed signals. Essentially it
distinguished the difference between the decaying waves of noise
and the continuous waves of a desired signal.
The pulse detector functions
somewhat inversely to the usual
methods of continuous wave reception. The detector circuit is limited
by a low -impedance gating circuit,
which dissipates energy during the
short-circuiting interval. As a result, the detector load circuit receives the lower amplitude of decaying waves at the low gating level
and no wave form exists on the detector load circuit during the c -w
interval.
The decaying waves, developed
from general noise or even from
conversion noise in the receiver, are
amplified, limited and rectified and
the relatively constant d -c component, unless interrupted by a continuous wave at the detector, is used
as bias to control a balanced amplifier that is excited by the tone
generator.
Operating values are generally
set on the receiver so that gating
occurs with approximately one microvolt of input signal. Anything
in excess of this has no detrimental
effect.
Consequently,
automatic
volume control, noise limiting and
beat -frequency oscillators are not
required in this system of continuous -wave reception.
January, 1947
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Than Any Other Nuts, Regardless of Price
PREVENT VIBRATION LOOSENING
SPEED NUTS prevent vibration
loosening because they provide a double spring -tension
lock that absorbs vibration instead of merely resisting it. Insures a
tight attachment for the life of the product.

SPRING TENSION RESILIENCY
In the assembly of porcelain

enamel, plastic or glass parts,
SPEED NUTS provide the tension necessary for a tight
assembly, yet ore sufficiently
resilient to prevent damage
due to expansion and contraction, vibration or shock.

APPLIED FASTER
put wings on your
assembly lines because they
start easier, pull down faster
and no wrench is required to
keep them from turning. Made
also for use with coarse -thread sheet
metal screws, requiring fewer turns to
tighten, for still faster application.
SPEED NUTS

WILL NOT "FREEZE" TO THREADS

SELF -RETAINING
Many types of

SPEED

Having

NUTS

lock themselves in screw -

NUTS

receiving position for "blind"
location assembly, eliminating expensive
welding, riveting or clinching operations.

removed at any time for

WEIGH LESS
Because they are made of
sheet metal instead of bar
stock, SPEED NUTS are in the
"featherweight" class compared with threaded nuts. By
eliminating lock and spanner

LOCK ON UNTHREADED STUDS
"Push -On" SPEED NUTS need only be
pushed over rivets, nails, tubing, or unthreaded studs to
lock parts so securely, you
can't wrestle them off. Costly
threaded inserts, drilling and
tapping are eliminated-molding costs

washers and other unnecessary parts, weight is reduced still further.

MINIMIZE SHIPPING DAMAGE
give you free insurance against shipping damage. They provide a resilient
lock that defies loosening and
prevents cracking of enamel and
glass. With SPEED NUTS, your products will
reach your customers in perfect condition.
SPEED NUTS

reduced-assembly speeded up.

WILL NOT CLOG
Having no threads, SPEED
NUTS cannot clog with paint.
No assembly delay for re tapping threads. This is par-

SEND

ticularly important where

erial and handling costs. Because of their
wide bearing surface, SPEED
NIJTS also can eliminate the
use of spanner washers.

IN FRANCE:

IN CANADA:
Wallace Barnes, Co., Ltd.

SELF

Aerocessolres Simmonds, S. A.,

-ENERGIZING

SPRING LOCK

Hamilton, Ontario

Paris

DOUBLE -LOCKED
POSITION

IN ENGLAND:

Simmonds Aerocessories, Ltd.
London

(INNERMAN PRODUCTS, INC.

50, f?

IN

IN AUSTRALIA:

Simmonds Aerocessories, Ply. Ltd.,
Melbourne

2106

e

11VS. Pot
Trade Moro Reg.

THING

TODAY
We're not fooling about these
advantages. They are very real
and worth -while as any SPEED
NUT user will tell you. Rush
your assembly problems to us
now, giving complete details.
We'll show you which of the
4000 shapes and sizes will do
the trick for you.

permanently
attached to parts for blind assembly.
SPEED NUTS are

locking. They
cut both mat- /

FASTEST

SPEED

to rust-

servicing or replacing. You'll save the
repair men a lot of cussing.

special types of SPEED NUTS
perform multiple functions, replacing two or more parts.
SPEED NUT prongs can be
incorporated in almost any shape or
form to do the job easier and faster.

You can boot lock washers
out the window, for SPEED
NUTS are self-

threads,

ing bolts. They can be easily

PERFORM MULTIPLE FUNCTIONS
Like a one man band, many

ELIMINATE LOCK WASHERS

no

will not "freeze"

FntENIID

0n.

FASTENINGS

Fulton Road, Cleveland 13, Ohio

.

.

.

MORE

THAN
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Color Matching Frit
Vacuum -Tube Acceleration Pickup
Electronic Magnetometer

152
152
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Color Matching Frit
PEMCO

Baltimore,
simplifies the matching of porcelain
enamel and glass colors and provides a constant quality control
check with a G -E recording photoelectric spectrophotometer. It is
expected to save from two-thirds to
three -fourths of the time needed to
match colors at Pemco, as compared
to former methods.
The company manufactures porcelain enamel and glass colors and
"frit", the raw material of porcelain enamel before it is fused to
metal, and must frequently produce
colors to match samples sent in by
customers. Before adoption of the
spectrophotometer the technique
was visual comparison. This technique was difficult and often inaccurate, because under certain lighting conditions two colors may
appear matched to one person and
mismatched to another.
CORPORATION,

An operator makes a test with the G -E
spectrophotometer. The instrument measures and records curves of over two
million shades of color

A library of over 1,000 color
curves of known composition, representing every porcelain enamel
and glass color produced, has been
established since installation of the
instrument. When a customer sub -

ELECTROSTATIC PAINTING

Paint particles, sprayed at water heater casings, are distributed uniformly by the
electric field between vertical rods charged by Ransburg Co. equipment
152

mits a sample color, it is analyzed
by spectrophotometry and the resulting color curve is matched as
closely as possible with one of the
curves in the library. An experienced color mixer knows what ingredients must be added to make
the curves, and the colors, match
perfectly.

acuuni-Tube
Acceleration Pickup
CAPABLE of measuring accurately
the rapidly changing accelerations
to which various parts of an airplane are subjected in flight, a new
electronic tube has been developed
at the National Bureau of Standards under the direction of Dr.
Walter Ramberg. It is proving useful in such applications as the
measuring of accelerations in portions of the body of "dummy" pilots
and living subjects when subjected
to critical acceleration during crash
landings or seat -ejections from jetpropelled airplanes.
The tube contains a fixed, indirectly heated cathode with two
plates, one on either side, and elastically mounted to deflect in response to acceleration normal to
the plane of the plates. The deflection causes a change in plate current proportional to the acceleration and such changes in current
are recorded on an oscillograph.
The elastic plate mounting gives
a fundamental frequency of about
800 cps, so that the tube can record
accelerations with frequencies up
to 200 cps. So far, 95 of the tubes
have been built and tests conducted
at the Bureau on the latest type
tubes have proven them to have the
desired natural frequency with an
output proportional to acceleration
normal to the plates. For an acceleration of the order of 10 times
gravity the output is of sufñcient.
magnitude to record directly on a
standard oscillograph without an
auxiliary amplifier.
Computation of the fundamental
frequency of the plate structure for
bending normal to the plate was
done by treating the structure as
an elastic system with a concentrated mass at the center of gravity
of the plates and distributed masses
January, 1947
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Unique

-High Power Resistor for Television,

High Freq

FM, and Dielectric Heating Applications
Inside IRC's new Type LP resistor a
high velocity stream of water flows
a spiral path against the metallized
resistance film and, through centrifugal force, maintains intimate
thermal contact with the entire surface. Interchangeable intake nozzles
permit adjusting the rate of water
flow and therefore the cooling action
to suit local water pressure and power
dissipation up to 5 K.W.
A resistance film less than 0.001"
thick, with an active length considerably less than 1/4 wave length at
FM and television frequencies,
gives good inherent frequency characteristics.
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Resistor elements are interchangeable.
Different values or service. replacements can be readily installed to

the field.
The 'IRC Type LP Liquid Cooled
High Frequency High Power Unit is
the latest in IRC's continuing development of resistors. It is available
in 'resistance. values of 35 ohms to
Resistance tolerance:.
± 15% standard. Tolerances of *10%
and ± 5% can be supplied at in-1
creased cost.
1500 ohms:

For specific engineering information contact your IRC Sales Engineer or write Dept. 1-A.

e

INTERNATIONAL RESISTANCE CO.
401 N. BROAD ST., PHILADELPHIA 8, PA.

0tagt
In

ELECTRONICS

The mechanical design permits direct
mounting on the end of a coaxial line
with both water intake and outlet
connections at R.F. ground potential.

-

January, 1947

Canada: International Resistance Co., Ltd., Toronto, Licensee
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(continued)

in the supporting wires, which are
subject to flexure and torsion by
the vibration of the plate normal to
its plane. The diameters and
lengths of the wires were computed
to give a fundamental frequency in
this mode in the range of 750 cps.
The natural frequencies of vibration in other modes were estimated
to be much higher.
To determine the fundamental
frequency experimentally, the pickup was connected into a Wheatstone
bridge with a cathode-ray oscilloscope, and the pickup tapped with a
pencil or finger. The output on the
oscilloscope was matched against
the output of an audio oscillator at
a known frequency. The tubes
tested had certain disadvantages.
The zero, or reference point, tended
to drift gradually with time for
most of the tubes and a warming up
period of about 15 minutes was required to reach equilibrium. However, these disadvantages may not
be serious in recording rapidly
changing accelerations over a short
period of time.

i
The vacuum -tube acceleration pickup consists of a fixed, indirectly heated cathode
with elastically mounted plates, one on

either side, as shown at right

1918 NORTH FRONT ST.
PHILADELPHIA 22, PENNA.
I54

For applications in which the
high output, high natural frequency, high capacitance, and linearity are useful, the advantages
may outweigh the disadvantages of
zero drift, warming up time, high
power consumption (about 7 watts
for tube and Wheatstone bridge)
and the need of filtering to remove
natural frequency response.
The high capacity of the pickup
is advantageous in recording accelJanuary, 1947
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the G -R EXPERIMENTER?
The General Radio Experimenter is sent WITHOUT CHARGE each month to scientists, engineers, technicians and others interested

in

communication -frequency measurement and control instruments. It has been published continuously since 1926. Each month it contains eight

pages of articles describing new G -R instruments,
new ways of using G -R equipment, and numerous

applications of a general engineering nature.
Included in recent issues have been articles on
such subjects as: peak -reading u-h -f -voltmeter;

output systems of signal generators; new VARIACS;
multiple photos with the Microflash; measuring
lateral motions in a rotating system; new amplifier
and null detector; constant waveform frequency
meter; series and parallel components of impedance; improved megohmmeter for a -c oper-

ation; a light source for microsecond photography, etc.
To be placed on the mailing list to receive the
Experimenter regularly, merely fill in, clip and mail

the coupon below; or supply ALL of the information requested ... a post card will do.
MAIL NOW! PLEASE FILL IN COMPLETELY
TO: General Radio EXPERIMENTER, 275 Mass. Ave., Cambridge 39, Mass.
Enter my COMPLIMENTARY subscription to the G -R EXPERIMENTER.

Company Name

Name (print)
Company Address

State

City and Zone No.

Street

997

Your Title

Type of Business

GENERAL RADIO COMPANY
90

ELECTRONICS

-

West St., New York

6

920 S.

Michigan Ave., Chicago

5

950 N.

Cambridge 39,
Massachusetts

Highland Ave., Los Angeles

38

155
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(continued)

erations over a wide range and in
preventing damage from sudden
high accelerations. The linearity of
the pickup permits the filtering out
of high -frequency response, regardless of amplitude, and produces a
record proportional to acceleration.

! !

Electronic Magnetometer
By

H. RUBENSTEIN
Recordchanger Inc.
Binghamton, N. Y.

JACOB

THE SOLE PURPOSE of any magnetometer is to measure the direction,
strength or changes in the lines of
force of a magnetic field. The magnetometer to be described has high
sensitivity and simplicity through
the use of a specially designed
pickup array as the detecting element, combined with a vacuum tube

Photo Courtesy Pan American World Airways

KESTER CORED SOLDERS
Put precision, permanence and dependability in all soldering jobs! Standardize on Kester Cored Solders.

Kester Cored Solders are scientifically compounded to
form clean, tight solder bonds that hold permanently
against shock, vibration, bending and the contraction and
expansion of temperature extremes.

Kester Cored Solders are applied in one simple applicaVirtually mistake -proof, the flux -filled core is scientifically balanced with superior alloys-in the right combination for every type of soldering.

tion.

oscillator.
Due to its compactness, it should
find unusual application in industry
for remote indication or operation
without mechanical coupling, by
using the magnetometer to detect a
change in position of a permanent
magnet attached to an object whose
motion is to be measured, particularly when the object whose motion
to be; measured is inaccessible.
For clarity, the magnetometer is
described in the application for
which it was originally developed,
to determine the strength and direction of the earth's magnetic
field.

The heart of the instrument is a
pickup head shown in Fig. 1 with

Kester Rosin -Core Solder, for electrical connections, and
Kester Acid -Core Solder for general work, are both available in a wide range of strand and core sizes. Nearly half
a century of practical experience is your assurance of
Kester's unvarying high quality. So don't take chances.
Standardize on Kester-always the right solder for any
soldering job.

KESTER

SOLDER

4204 Wrightwood Avenue,

COMPANY
Chicago 39, III.

Eastern Plant: Newark, N. I.

Canadian Plant: Bradford, Ont.

KESTER
STANDARD FOR

INDUSTRY

156

FIG.

1-Details of the head and, below,
the two laminations of the core

an inch rule for size comparison. It
contains an exposed view of the
two -lamination shell -type inductance core.
Figure 2 is a schematic of the
head in its associated circuit. The
January,
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This one has Regulation Accuracy to

3.5% of
LOW -CURRENT, HIGH -VOLTAGE

D -C

0.1

Milliamperes Load

POWER

SUPPLY IS COMPACT;

WEIGHT-HAS PREVIOUSLY UNOBTAINABLE FEATURES
These new small, light-weight a -c to d -c power supply units are especially built for precifor
sion work. They have a number of highly desirable features which make them suitable and
tubes
camera
television
tubes,
supplying the high potential necessary for cathode-ray
radar indicator scopes, electron microscopes, and other jobs where unusually low regulation,
light weight, and small size are primary considerations.
The unit shown here (Cat. 8317502) will supply 7 kv at 0.1 milliamperes d -c output. The
regulation does not exceed 3.5% per 0.1 milliamperes load, and 15% at 0.5 milliamperes
maximum load. The ripple on the output voltage is less than 1%. This unit is manufactured for 215 volts, 10,000 cycles, a -c input. An additional pair of terminals is provided to supply 45 volts a -c when 215 volts are applied to the input terminal.
This completely self-contained hermetically sealed rectifier will meet Army
and Navy specifications both in the matter of design, and as to its
ability to withstand mechanical shock 'and operate continuously for long periods of time. It is designed to
LIGHT

IN

operate in ambient temperatures ranging
from -40C to +60 C.

4esegeew
Precision stability
Light weight (8 lb)
Small size (6 by 6 by 7 in.)
Selenium elements
Only one high -voltage terminal exposed
Filter has low energy storage
Readily mounted
Oil filled for strength
Hermetically sealed
Can be used as tank circuit of
an audio oscillator*

G -B hermetically

sealed, oil -filled power
7 kv (d -c) 0.1 milliamperes output, 215 volts input.

supply unit

*An unusual feature of this unit is that it may be used
as the tank circuit of an audio oscillator. The input terminals are connected to the plate circuit. The 41 -voll
output terminals are connected as the grid feed back.
The oscillator tube normally used is a 6V6. The operating frequency is 10,000 cycles.

INPUT CURRENT TO OSCILLATOR AND OUTPUT VOLTAGE
VS. OUTPUT CURRENT TO LOAD
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GENERAL ELECTRIC COMPANY Apparatus
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OLiTPUT CURRENT
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Name

GENERAL
ELECTRONICS

-

January,

ELECTRIC

Dept.,

Section 401-44, Schenectady 5, N. Y.
entlemen:
Cat. No. 8317502 recPlease submit quotation on
tifiers, as illustrated.
rectifier units, similar to
Please submit quotation on
Cat. No. 8317502, designed to meet the attached specifications.
-

Organization
Address
City

-

--

State
157
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[PATENTED]

RADIO PINS
DEVELOPED AND MANUFACTURED BY

THE AMERICAN BRASS COMPANY
WATERBURY BRASS GOODS BRANCH

it

`

(continued)

head consists of the tapped inductance L wound around the two laminations, the composition of the
lamination is of high -mu metal,
such as "MU" metal, permalloy and
others. The elongated pieces extending from the closed core are
also of high -mu metal. These elongated pieces are called "antennas"
because they act as magnetic flux
collectors. At the end of each antenna is a small permanent magnet.
These are arranged in series -aiding
relation to each other.
This head is the detecting element of the magnetometer, the rest
of the circuit shown in Fig. 2 need
not be in the magnetic field to be

449:Mey

Check the advantages...
These seamless, patented Radio Pins are uniform in
size, with smooth surfaces for smooth operation.
In staking, the ends roll over easily and without
splitting. When molded into composition parts the
closed end keeps out the molding compound.
If you use pins for vacuum tubes or adapters,
fluorescent lights, plugs, or electrical equipment of
any kind, the chances are you'll save time, money
and rejections by using these seamless, patented
Radio Pins. They are available in a wide variety of
styles and sizes. Simply send a sketch, sample or
description, with quantity, for quotation.

RADIO OR RADAR EQUIPMENT?
In addition to Radio Pins, we produce large quantities of
top caps, base shells and adapter shells for vacuum tubes;
also a wide variety of other metal products including deep
drawn shells and cups, blanks and stampings, ferrules,
grommets, washers, vents, fasteners-and the world's larg45406
est assortment of eyelets.

THE AMERICAN BRASS COMPANY
WATERBURY BRASS GOODS BRANCH
WATERBURY 88, CONNECTICUT

158

FIG.

2-Basic oscillator circuit used

measured and may be in any convenient location, some distance
away if desired.
Oscillator Circuit
The circuit of Fig. 2 is a form of
electron -coupled oscillator. Fig. 3
shows a curve of the output voltage
of the oscillator versus the magnetizing force in ampere turns applied
to the oscillator coil core.
The output voltage of the oscillator is a function of the degree of
coupling between the primary and
secondary of the oscillator coil
which in turn is a function of the
permeability of the core of the coil,
and from the curve it is seen that
the mu of the core varies sharply
in certain portions with the applied
magnetizing force.
Examination of the steep portion
of the curve shows that a large
change in the mu of the core takes
place for a small change in the flux
through the head. All the head flux
except a small leakage passes
through the core, so that the density there is much higher than it is
in the antennas because of its
smaller cross section.
For proper design the average
January, 1947
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R4340

VANIA'S

Electronic Tube for
photographic purposes

FLASH

30,000 TIM
Gives "DAYL

H

12,000,000 Peak -Lumens
18,000 Lumen -Seconds
The Sylvania Type R4340 Flash Tube, used
with suitable equipment, gives a brilliant
flash of excellent photographic quality
with a duration of only 1/1250th second.
A major application of the Type R4340
is in newly developed electronic flash units
for photographic purposes. The R4340
will deliver more than 30,000 flashes before replacement is necessary.
Its short flash duration "stops" motion,
enabling the photographer to take sharp
pictures of moving subjects. Excellent
color quality permits use with color film.
See your Sylvania Distributor for full

details, or write for descriptive folder,

TYPICAL CIRCUIT DIAGRAM

address below.

R_

500 Ohms, 100
Watts
150,000 Ohms

R{

Consists of five

R1

High Voltage
Rectifier

C2

V2

Sylvania Flash

C3

1

T1

Ignition Coil

S1

Trip twitch

farads

Tube R4340

200,000 Ohm
Resistors

120 Micro -

V1

C1

2

Microfarads

Microfarad

SYLVANIA O ELECTRIC
Electronics Division ... 500 Fifth Avenue, New York 18, N.

Y.

LAMPS, FIXTURE'S. WIRING DEVICES: ELECTRIC LIGHT BULBS
MAKERS OF ELECTRONIC DEVICES; RADIO TUBES; CATHODE RAY TUBES; FLUORESCENT

ELECTRONICS

-
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(continued)

mu of the head should be

at point

A, while the mu of the core is at

point C.
Between points B and C, the
slope of the curve is very steep and
hence a relatively small increase in
flux density beyond B will cause a
large decrease in mu of the core,
with correspondingly large decrease in coupling, resulting in a
large drop in the reading of the
voltmeter V.

FIG. 3-Voltage output of the oscillator
plotted against ampere turns of the
oscillator coil

The unique differences in the design of an electronic product

often call for components that are slightly different than so-called
standard. Here is an Acme Electric transformer which may give
to take advantage of all the "extras"
expansion to your ideas
for better performance.
two hole
We call this "Mounting Type 130"
horizontal mounting, with lead holes on bottom or side of shell. It is developed in ratings
from 15 VA to 100 VA to the exact electrical
characteristics that you require. Made from
standard parts to special specifications and
produced by straight line volume production
methods. For further details, write for Bulletin
168, or better still, tell Acme Electric transformer engineers about your problems and let
them assist you.

-

-

ACME ELECTRIC CORPORATION
31

WATER ST.

CUBA, N. Y.

I60

To bias the core to its most
sensitive position to external flux
changes, such as point C on the
curve, magnets are introduced at
the antenna ends instead of dynamic flux. This addition provides
the needed constant value of magnetic flux to the antenna and to the
oscillator core. The positioning also
serves to increase the sensitivity of
the magnetometer by extending the
interaction of the head with the
surrounding magnetic field over a
larger area.
Both R and C of Fig. 2 are
capable of shifting the operating
point on the steep portion of the
curve. Increasing C or decreasing
R shifts the operating point
towards B. These controls are used
in conjunction with the flux fields
of the magnets to bring about the
desired slope and operating point
on the curve. The sensitivity is also
a function of the amount of metal
in the center leg of the core.
Thus a small change in the
strength or direction of the magnetic field in which the head lies
causes a step change in the permeability of the core of coil L, which
in turn changes the coupling between the two sections of the coil,
January, 1947
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ADJUSTABLE OVER WIDE.,,
T..

M' r-TURE

RANGE

A thermostat's range of temperature settings should not limit its appliits range should be wide enough to permit a great variety of
cations
settings in accordance with individual product or process requirements.
Its design should also permit temperature settings to be changed readily.
The Fenwal THERMOSWITCH Control is available in standard models
with temperature ranges of -100° F. to +400° F. or +100° F. to
+600° F., and it may be calibrated at any point within these wide ranges
merely by turning the adjusting screw to the desired setting. This wide
selectivity of temperature setting is especially advantageous where large
increments of change in the thermostat setting are required. Temperature control or detection in a variety of
applications may be had by stocking just two standard
THERMOSWITCH Controls of any desired model.
Chart shows the change in temperature setting correE
sponding to the number of turns of the adjusting screw
of the THERMOSWITCH Control. For special requirements, the slope of the curve can be changed with special

...
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Wide range of temperature adjustment is only one of
many advantages that make Fenwal THERMOSWITCH
Controls desirable for every branch of industry and
science demanding precise, trouble -free temperature regulation and
detection. Write for your copy of the Thermotechnics Booklet which
describes the "Fourteen -Facts in Fenwal's Favor."

10

II

IO

IS

NO.OF TURNS OF ADJUSTING SCREW

FOURTEEN FACTS IN
FENWAL'S FAVOR

1.-Fost reaction time
2.-Large heat sensitive area,

small

heat storage
3.-Short heat transfer path
4.-Small temperature differential
S.-Built-in temperature anticipation
6.-Enclosed pssembly
7.-Minimal vibration effects

8-Tamperproof

and sealed

9.-Rugged construction
10.-Adjustable over wide
ature range
11.-Minimum size

12.-Directly responsive

to

temper-

radiant

heat

13.-Uniform sensitivity over adjustable temperature range

CLOCK MELD
TM[RNOSWITCN CONTROL

14.-Readily installed

S

ef.
#10 OF

THE "FOURTEEN

FACTS IN FENWAL'S FAVOR".

FENWAL INCORPORATED
43

ASHLAND

PLEASANT STREET

MASSACHUSETTS

Thermotechnics for Complete Temperature Regulation
ELECTRONICS

-January,
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and as a final result, the reading

at

Amplifier

for Better Jobs
where

SPACE

V.

For anomalie measurements an
additional stage of amplification
brings the sensitivity of the magnetometer into the single -digit
gamma range (a gamma is 1 x 10
to the -5 oersted).
The sensitivity and output of the
oscillator alone are illustrated in
Fig. 4. This curve shows voltage

is

"AT A PREMIUM"

CY 2.390^'
l2,420^.OSC FREQUENT,

50

H-

CERAMIC

40

4 30
ó

CAPACITORS

> 20

10

C. N. TYPE

S. I. TYPE

Durez Coated

Unusually high capacitance in relation to physical
dimensions make Hi -Q ceramic capacitors the
ideal components for use where space is extremely limited. Recognized stability insures dependable performance through years of service
Individually tested for accuracy of physical dimensions, temperature coefficient, power factor
and dielectric strength. Available with axial
leads (CI type); parallel leads (CN type); Durez
coated (SI type). An experienced engineer will be
glad to consult with you on your requirements.

C. I. TYPE

OTHER

COMPONENTS
0e

,t"nttititttwuat
I

FEED THRU

,1111\11.1111,,11111,

AND STAND-OFF CAPACITORS

WIRE WOUND

40 84

120 1605200'

240°80°320'

4-Oscillator voltage output plotted
against magnetic bearing. The horizontal
intensity was 0.165 oersted
FIG.

output plotted against horizontal
magnetic bearing and was obtained
from an experimental portable
model whose circuit is shown in
Fig. 5. The second tube is a current amplifier to operate the output
milliammeter.
The curve of Fig. 4 would show a
steeper slope with a recommended
90 volts on the oscillator plate.
There is an oscillator frequency
change of 30 cps from North to
South.
With this circuit, magnetostriction effects, the changes in magaccompanying
netic properties
mechanical stresses, are very promi-

RESISTORS

CHOKE
COILS

H.

;;SONNiÌH1111ÍIÌIííIÑiiÌ,

ELECTRICAL REACTANCE
ION
COR POR A
T

FRANKLINVILLE, N.Y.

FIG. 5-Circuit of two -tube portable instru
ment useful for investigating magnetostric
tion effects. Coil L contains 5,000 turns

tapped at 500 turns
January, 1947
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high impedance triode input
high sensitivity on AF and RF
stabilized zero setting
Facts ... Figures that Make Televiso's New Serres
200A a BETTER Vacuum Tube Voltmeter ..
.

High impedance input, high sensitivity and zero
adjustment stabilization are the prime requirements in a vacuum tube voltmeter for use in
modern electronic and industrial manufacturing.
Televiso's new Series 200A combines these three
qualities to an unusual degree. It is a direct reading
instrument with a full scale sensitivity of .5 volt for
use at audio and radio frequencies. Readings as low
as 100,000 microvolts are accurate. Only one zero
adjustment is needed for all ranges. The instrument
covers the radio frequency range to 500 megacycles,
is linearly responsive to the low audio frequency
range of four cps. and useful to two cps.
The new Series 200A is the result of years of testing and research. Stray capacitances and detuning
effects are reduced to a minimum by bringing the
input connections of the voltmeter close to the circuit to be measured. Connections can be made
directly to the measured circuit by wires or by a
contact clamping fixture for production work. It
has an external probe to which connections can be
soldered, or binding posts that can receive wires
or banana plugs.
The input tube is a triode plate circuit rectifier
type in which the input voltage is rectified under
full wave, square law operating conditions and
indicates rms values.
The rear storage compartment of the instrument
contains a source of calibration voltage equal tó
five rms volts ± 2%, making possible continuous
checks on calibration accuracy.

volts AC in 5 ranges. Full-scale ranges are .5 volt,
volts, 15 volts, 50 volts and 150 volts. The 150 -volt range may be
extended to 1500 volts by means of a type 10: 1 capacitive divider
available on special order.
Range: 0-150

2

Accuracy: Accuracy is ±2% of full scale on all ranges on sinusoidal voltages. Middle scale accuracy is within 5% on all ranges.
Dimensions: Length, 17.5"; width, 11.5"; height, 12.5"; panel, 30°

slope.
Guarantee: The instrument is fully guaranteed for a period of

two years against defective material and workmanship.

Like all Televiso measuring instruments, the new Series 200A
vacuum tube voltmeter is a model of modern design and construction-assuring dependability and extreme accuracy over
extended periods of time. Cabinets are copper lined to prevent
extraneous radio frequency fields from affecting readings. The
panel is of caustic dipped aluminum, flat black painted with a
fine baked enamel finish.

Write for Bulletin 32 for complete details
Price $170.00 F.O.B. Chicago. Deliveries from stock
ELECTRONICS

-
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(continued)

nent and easy to demonstrate
through the use of long thin antennas. Retentivity can be accentuated and demonstrated through
the use of multiple laminations in
the antennas. For magnetic measurements with an absolute minimum of retentivity, the antenna
may be dispensed with entirely.
The proper amount of magnetic

Portable magnetometer. Tubes and batteries are contained in the cabinet at right

flux is introduced directly to the
coil core and the sensitivity is more

MODEL

500Regulation Accura:y 0.2%, Maximum harmonic distortion 5%, Input voltage 95-125,

with

Output voltoge 110.120 adjustable

SORENSEN
VOLTAGE REGULATORS

than ample.
The permanent magnets may also
be dispensed with, if the antennas
are made long enough to collect
enough flux from the earth's field
to bias the core to the desired operating point on the curve of Fig. 3.

FLASHLIGHT FOR BLIND

Taking the cackle out of a soprano in broadcast transmission
sound amplification and sound recording is just one of the many
problems solved by versatile SORENSEN Voltage Regulators.
In every field where unstable voltages or current play hob
with sensitive, costly electrical equipment, SORENSEN
Voltage Regulators take charge and deliver a constant power
supply, unaffected by load variations or the power factor of
the load. SORENSEN Voltage Regulators are sensitive ONLY
to changes in voltage.
electronic
Look for all these other SORENSEN features
control circuits, no moving parts, long life, wide range, low
distortion, rapid response.
Write today for your Voltage Regulator Catalog L

-

cameraman Joe Walker demonstrates his visual aid. A flashlight illuminates the scene; returning light beams are
focused by a lens onto a photoelectric cell.
Modulation of the beam is accomplished in
one experimental model by an oscillator
and by a motor -driven fan In another.
Change in the audio tone produced is
heard from a small earphone or a built-in
loudspeaker
Movie

SOREnSEn

&

company, inc.

STROIFORD, EODDEETIi[UT
A

LINE OF STANDARD REGULATORS FOR LOAD RANGES UP TO

SPECIAL UNITS DESIGNED

TO

FIT YOUR UNUSUAL

30 KVA.

APPLICATIONS.
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"you can get
VARNISHED
INSULATING

PAPERS

-

of every type at

IRVINGTON"

.Staotdßnd Totul.g9to.t
`j/evutúa.ded Pafte,t4
Condenser Tissue

Kraft Paper
Bond Paper
Red Rope Paper

When the "spec" reads varnished paper insulation, investigate the properties of Irvington's products. Many thicknesses
of six varnished papers made standard by general use are
available.

-

-

Base papers are carefully selected for low acidity, uniformity in thickness, tensile strength, and tear resistance. To
these base stocks are applied Irvington -formulated insulating
varnishes which provide high dielectric strength as well as
resistance to heat, oil, and moisture. The varnish film is smooth
anä free from pin holes.
a

Write for generous test samples of the Irvington varnished
insulating papers listed below.
TYPE

COLOR

RANGE
OF THICKNESSES

Saturated Kraft
e

Asbestos Paper

Condenser tissue

Kraft paper
Bond paper
Red Rope paper
Saturated Kraft
Asbestos paper

,.t,µ001 TM'

1rprlG

-

Yellow
Yellow

.00075"
.00125"
.0015"
.007"
.004"
.010"

to .002"
to .020"
to .006"
to .015"
to .005"
to .032"

IRVINGTON
a2nr.oh

ELECTRONICS

Yellow
Yellow & Black
Yellow
Yellow

9,c

Atudet .fo» Womfriny

IRVINGTON 11, N. J.
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THE ELECTRON ART
Edited by FRANK ROCKETT

Meteors Detected by Radar
Frequency Modulator
Development of Electron Accelerators
Self -Regulating Field Excitation for Magnetrons
French Microwave Telephone Circuit
Metallizing Applications

166
166
170
184
188
192

Meteors Detected By Radar
ionosphere research and radio wave propagational studies are being conducted
with the aid of radar techniques
operating at very high and ultrahigh frequencies. As a part of these
studies the meteor shower from
October 7-12 that accompanied the
passage near the earth of the comet
Giacobini-Zinner was observed by
scientists of the National Bureau
of Standards and others here and
abroad.
Observations were made on 107
me using 25 microsecond pulses at
400 pps with a peak power of 100
kw. The antenna was oriented at an
azimuth of 315 degrees and an
elevation of 45 degrees. Meteors
METEOROLOGICAL

themselves are generally too small
to reflect appreciable radio energy;
however, in passage through the atmosphere they heat it so hot that it
ionizes. It is this ionized trail that
reflects the radio waves. The frequency that will just be reflected by
an ionized gas is proportional to the
square of the density of ions. Thus,
although 100 -mc used by the Bureau of Standards would penetrate
the ionosphere, it was reflected by
meteor tracks. However, 600 to
1,000 me used by the Army Signal
Corps for similar measurements
was not reflected by either the
ionosphere or the meteors. Thus the
strength of meteoric ionization can
be estimated. '

RADIO CONTROL GOES HAY WIRE

Four echoes from meteor trails displayed
on a ppi. Radar provides altitude as well
as azimuth and elevation positions of meteors from one observation and can be

used during daytime and overcast; it is
thus far superior to optical observation

The bursts observed on the old,
lower -frequency f -m band coincided
with appearances of meteors. Some
evidence indicates that E -layer
ionization is generated by meteors.
For these reasons more detailed
measurements of the effects of
meteors are being made so that communicational and navigational services can be assigned frequencies
best suited to their needs.

Frequency Modulator
By GEORGE G. BRUCK
Farmingdale, N. Y.

A NEW METHOD for obtaining frequency modulation combines several components of a frequency
modulator into one unit. The usual

reactance -tube frequency modulator
comprises a (1) reactance tube, or
tubes if push-pull, (2) double diode
demodulator, and (3) inverse feedback loop for linearity and midfrequency control. These three
units can be combined into a single
unit giving the circuit of Fig. 1.
In the composite circuit the control
discriminator is working on the oscillator frequency, not on a lower
frequency.
Circuit Behavior

Wired for radio, this plow can be remotely controlled to run a straight furrow, turn
left or right, and raise or lower the plowshare. Radio signals transmitted on 60
meters from the truck are received at the tractor which pulls the plow. The signals
control pneumatic servomotors that operate the plow. The farm tractor, developed by
Tractors Ltd. in cooperation with the British government, is undergoing field tests

Disregarding L, and C, the circuit acts as a class -C Hartley oscillator. As such, each grid receives
one impulse every cycle. Relatively
high grid resistances limit peak
grid voltages practically to cathode
potential.
At resonance the vector potential
across L, and C, is at right angles
January, 1947

166

www.americanradiohistory.com

-

ELECTRONICS

`

e.

_,F

Foreign Radio and Electronic
Manufacturers communica-e
direct with our Export Department, at Willimanti:,
Connecticut for information.
The Electro Motive Mfg. Co., Inc.
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(continued)

High -Speed Transmission of

Pictures, Printing
and Writing

by Telephone ...

FIG. 1-Frequency modulation is produced
by this simple circuit

to the one across L, and C thus,
although each grid receives one impulse per cycle, these two voltages
are phased differently. Figure 2A
shows the vector diagram for the
case of perfect resonance. There
are two plate current pulses per
cycle, one advanced by the same
angle that the other is retarded
relative to the phase condition of
the tank circuit of L, and C,. The
circuit is in equilibrium when the
tube is oscillating at resonance.
If an a -f voltage is applied in
push-pull to the two grids through
R, and R it alternately increases
and decreases the angle of flow on
either side of the tube. The contri VOLTAGE ON GRID 2
VOLTAGE ON GRIDI

-150
-100

r

St.

4

\-

\.r
X.'

5

0.2 0.4

VOLTAGE ACROSS L1
VOLTAGE ACROSS EACH HALF OF L2

(A)

(8)

2-(A) Grid voltages are symmetrically displaced in phase by action of resonant circuits of Fig. 1. (B) Application of
a -f as shown in Fig. 1 produces frequency
modulation. Values on coordinates show
magnitudes that can be expected
FIG.

Finch Duplex unit transmits and receives over a telephone line
exact facsimiles of written or printed messages, as well as drawings, photographs, signatures, etc. Authorized under A. T. & T.

Tariff FCC No. 155, effective May 4, 1946. Considered far
superior to ordinary teleprinting apparatus because it handles
many more words per minute, with complete infallible accuracy
as well as pictures and printed composition.

Address all inquiries to Finch Telecommunications, Inc., 10 E.

40th St., New York 16, N. Y.
FINCH TELECOMMUNICATIONS, INC.

PASSAIC, N. J.

bution on either side of the tube
towards the total plate current thus
has its phase shifted back and forth,
resulting in frequency modulation.
Simultaneously, a voltage is established across R, and R, that
tends to counteract the modulating
voltage, thus providing negative
feedback. The voltage -frequency
characteristic of the circuit is
therefore essentially independent
of tube characteristics, depending
only on the discriminator curve of
L,C, and L=Ca shown in Fig. 2B.
Design Considerations

inch

eyt

re,o

The system works best if coupling between L, and 1,2 reduces the
January, 1947
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. Artistic visualization.

Creative engineering.
Practical planning for

e iicientplastir_ prod,.ction.

`PRODUCTION
. Complete machine shop

facilities for manufacturing
our own dies, molds, tools.
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*LAMINATING
. Sheets, rods, tubes.
Standard NEMA grades;

over 700 special grades.
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S

°$t

He's feeding fluid to a new idea...
fattening a project that has possibilities. It's
research ... the way Richardson does it.
And how does Richardson do it? We don't take "no" for
an answer. We won't accept "yes" either. Not until
Richardson Plasticians have stripped every theory to the bone, made
each new product stand up and prove itself. That's the way
Richardson developed EBROK bituminous battery containers; over 700
special grades of Laminated INSUROK; special molding techniques;
and our own tooling facilities. All these enable us to
meet widespread industrial requirements. This is versatility.
And it's one of the reasons why our customer
list is growing greater every year!

INSUROK

PeecedieuIr Peadeied

*MOLDING

..., Rubber and bituminous plastics; and synthetic
resin p lastics ... Beetle,
Bakelite, Durez, etc.

*FABRICATING
. Complete equipment for

drilling, punching, sawing, turning, milling, etc.

9Ae RICHARDSON COMPANY

LOCKLAND, CINCINNATI 15, OHIO
ROCHESTER 4, N. Y., 1031 SIBLEY TOWERS BLDG.
MILWAUKEE 3, WIS., 743 NO. FOURTH STREET
Sales Offices
PHILADELPHIA 40, PA., 3728 NO. BROAD STREET
ST. LOUIS 12, MO., 5579 PERSHING AVENUE
BLDG.
G.
M.
6-252
2,
MICH.,
DETROIT
BLDG.
326-7
PLYMOUTH
CLEVELAND 15, 01110,
IND.
J.
INDIANAPOLIS,
N.
BRUNSWICK,
NEW
Facpocies: MELRO'iE PARK, Ili,..
Sales Headquarters: MELROSE PARK, ILL.

NEW YORK 6, 75 WEST

FOUNDED 1858
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(continued)

phase shift in the primary to zero
in the neighborhood of resonance,
which is accomplished with 0.50
transitional coupling. Choosing L_
three to four times L, will give best
results. If coupling is too high, the
circuit can oscillate at either of two
distinct frequencies, both different
from the resonant frequency of L_
and C2. If coupling is too low, the
frequency of oscillation becomes dependent on both circuits, whereas it
should, for optimum performance,
depend only on L_ and C2.
Amount of feedback is controlled
by the magnitude of R, and R2. If
very little feedback is desired, R,
and R2 are replaced by r -f chokes,
which must be identical to avoid
differential phase shifts.

FIG. 3-Modification of the circuit of Fig.

gives an

laikaway T*e S-14
STUDENT'S OSCILLOGRAPH
Compact instrument combining in one unit all the features that
make it an essential part of every electrical, physical or mechanical laboratory in colleges, technical schools and industrial plants.

i

Simple to operate from any 110 volt light socket. Magazine loading of
photographic paper or film 6" wide by 100' to 200' long, instantaneous and
in daylight. Multiple recording of up to 12 quantities simultaneously.
Viewing screen for observation during recording. Adjustable record speed
covering all normal requirements. Precision optical system producing records
of highest quality.
Adaptable to all requirements-interchangeable galvanometers cover a
wade range of characteristics. Natural frequencies 25 to 10,000 cps. Sensi
tifty to 10,000 millimeters per milliampere at one meter. Attachments avail ab1-ee to cover all applications.
*Investigate the only COMPLETE Oscillograph al LOW cost.
Write for technical bulletin SP -183.
Hathaway Instrument Co., 1315 S. Clarkson St., Denver 10, Colorado.
.

alliaeal

INSTRUMENTS

f -m

discriminator

Output is obtained by inserting a
parallel resonant circuit in the plate
lead at the point marked on Fig. 1.
The circuit lends itself particularly
well to recovery of higher harmonics in the plate circuit and can
be used as a frequency -multiplying
driver stage. Although the fourth
harmonic is the highest that can
usually be obtained at the output,
in one circuit operating at about 10
mc the output was 78 mc. Such an
arrangement will give full frequency deviation with only a carbon
micophone in the primary of the
modulation transformer.
The same or a very similar circuit can be used as an f -m phonograph pickup. For reception, the
circuit can be operated as a discriminator as shown in Fig. 3 wherein
it also acts as limiter, amplifier, and
squelcher. It is essentially an oscillator that falls in step with the incoming signal. Audio frequency is
recovered in push-pull from the two
plates.

Development of Electron
Accelerators
industrial radiography, and medical therapy
ATOMIC RESEARCH,
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several fluid carriers

dag colloidal graphite has
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versatility that few plants can afford to be without it. So if you have problems like those

422

Facts about
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Facts about

graphite as

"dag" colloidal

graphite as a HIGH TEMPERA-

"dag"

Facts about
colloidal graphite
AND SURFACE COATINGS.

"dag"

I

Facts about
ELECTRONICS.

colloidal graphite in the

Please send me

without obligation,

service engineer about the dag colloidal graphite

421 Li

POSITION

dispersion for your specific needs.

422 Li
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7

a

FIELD
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ACHESON COLLOIDS CORPORATION
PORT HURON, MICHIGAN, DEPT. A-5
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-
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I

1432

431
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listed above, consult with an Acheson Colloids

ELECTRONICS

16 pages

POUND.

460

ACHESON COLLOIDS CORPORATION
PORT HURON, MICHIGAN

"dag" colloidal

graphite dispersions and their applications.
fusely illustrated.

"dag" colloidal graphite for ASSEMBLING
AND RUNNING -IN ENGINES AND MACHINERY.

I

431

graphite. Dispersed in

I

Facts about

421

A lot of headaches around the plant can be

literature on "dag" colloidal graphite is yours for the asking:
A data and reference booklet regarding

copy of each of the bulletins checked.
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ADDRESS
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STATE

OUR PRESENT OIL SUPPLIER IS

(Lubricants containing "dag" colloidal graphite aro
available from major oil companies.)
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Marion Glass - to - Metal Truly Hermetically Sealed
21/2" and 312" Electrical Indicating Instruments
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ELECTRON ART

(continued)

make use of high-velocity electrons
either directly or to produce x-rays.
In atomic research, internal nuclear
forces and dimensions are inferred
from disintegrations produced by
electron beams or x-rays. These
disintegrations produce neutrons
and leave the atoms radioactive,
both results being useful. For such
disintegrations to be produced, the
incident energy must exceed the
very large binding forces of the
particle to be ejected. Thus physicists have sought methods of generating high -velocity electrons,
beginning with direct accelerators,
then the cyclotron, the betatron, the
synchrotron, and, most recently, the
racetrack. These developments have
paved the way for improved industrial radiography and extended the
utility of medical x-ray therapy.

Potential Gradient Accelerators
The simplest method of accelerating electrons is by means of a
potential gradient, such as is used
in all vacuum tubes. High voltages

Round for
Steel Panel

Rectangular for
Steel Panel

Marion "hermetics" offer new flexibility in application, stocking and sales.
Just one instrument, with its appropriate flanges, fills tour different requirements
the only thing that's necessary is to fit the flange to the need in
question. In addition to being truly hermetically sealed, these instruments
are magnetically and electrostatically shielded. And are supplied with

...

Interchangeable Round and Square Colored Flanges

...

which are the key to the "4 for 1" Advantage. With these, it is possible
to order a minimum number of instruments in the most popular ranges, and
apply either the round or square flange according to usage. This feature
simplifies ordering and inventory procedures for the manufacturer . . and
stocking and selling for the jobber. Besides black, the flanges are available
in 12 iridescent colors including red, blue, green, gold and silver. The use
of color has been found to add to the eye -appeal and, consequently, to the

-

sales value of otherwise drab equipment.
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been broken,
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Synchrotron at Massachusetts Institute of
Technology will produce 300 mev electrons
from an orbit of one meter radius and a
field of 10,000. gauss. The magnet, designed jointly by the staff of MIT Laboratory for Nuclear Science and Engineering
and engineers of the transformer division of
Allis-Chalmers Mfg. Co., will weigh 55 tons

for these linear, potential accelerators are obtained from electrostatic
generators or inductors. The accelerators are limited by the length
of the path (over which the electrons are accelerated) that can be
conveniently built and the potential
gradient that can be maintained
along that path without arcing.
Electrons can be accelerated by this
method to energies between one and
five million electron volts (mev).
Medical and dental diagnostic x-ray
equipment and industrial radiographic units for sections thinner
January, 1947
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MOUNTINGS

Apply this simple formula to new
products, particularly while in the blueprint
stage, and watch its uncanny magic develop
answers that bring a better product, lower
manufacturing costs, and increased sales.
Isolation of vibrational stresses frequen:ly
enables redesign for lighter weight, increases life of bearing surfaces, and protects
vital parts.
Best of all, you will find the answer
to your search for quicker and easier sales.
Customers are enthusiastic when they find
your usual high quality of performance
coupled with new, SMOOTHER operation.
Noise and vibration-the principal causes
of industrial fatigue-no longer take their
toll of efficiency and accuracy. Vibration
Control cushions the nerves of industry.
For best results, bring your vibration
problems to Vibration Control Headquarters. The service of LORD Vibration Engineers is yours for the asking. Write today for
a vibration analysis of your new products.

LORD MAN UFACTURING COMPANY, ERIE, PA.
FIELD OFFICES

{

New York, N.Y.

Detroit, Mich.

Canadian Representative: Railway

Washington, D. C.
&

Chicago, Ill.

Burbank, Cal.

Power Engineering Corp., Ltd., Toronto, Canada.

Every genuine Lord Mounting carries the name "LORD" embossed in the rubber or in raised letters on the forgrngs.
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(continued)

than half a foot use these methods.
To avoid the complications of
producing and insulating high potentials, the cyclotron was devised.
The electron is made to follow a
circular orbit by being projected
perpendicularly to a uniform mag-

How to

netic field. A potential gradient is
established tangential to the electron's orbital path, usually by a
radial gap in the electrostatic
shield surrounding the plane of the
path. Thus the electron receives

Make Money out

of thin Air!

When sales are endangered because of
production difficulties, get materials, replacement parts, tools, dies, and needed
machinery the fastest way! Specify Air
Express!
No supplier or wholesaler is more than
a matter of hours away when you specify

Air Express delivery. And the costs are
surprisingly low
drastically reduced
from pre-war rates. Let Air Express
solve your shipping problem
how to
get it or deliver it quickly! Use this highspeed service to keep production flowing
and profits up!

-

-

-

Specify Air Express -a Good Business Buy
Shipments go everywhere at the speed of flight between principal U. S. towns and cities, with cost
including special pick-up and delivery. Same -day
delivery between many airport towns and cities.
Fastest air -rail service to and from 23,000 off -airline
communities in the United States. Service direct by
air to and from scores of foreign countries in the
world's best planes, giving the world's best service.

RATES CUT 22% SINCE 1943 (U. S. A.)
AIR
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Write Today for the Time and Rate Schedule
on Air Express. It contains illuminating facts
to help you solve many a shipping problem.
Air Express Division, Railway Express Agency,
230 Park Avenue, New York 17. Or ask for it
at any Airline or Railway Express office.
Phone AIR EXPRESS DIVISION, RAILWAY EXPRESS AGENCY
Representing the AIRLINES of the United States
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Betatron installed at the Army Ordnance
Department's Picatinny Arsenal for studies
of heavy munitions and machinery developes 20 mev x-rays. Operation is semiautomatic for use by nontechnical operators doing production line inspection.
Engineers at Allis-Chalmers Mfg. Co.,
manufacturers of this betatron, have found
that steel is most readily penetrated by 20
to 30 mev x-rays.

an acceleration each time it passes
through the gap. Repeated accelerations from one small potential
are used to produce accelerations
greater than those possible in the
linear accelerator. Usually the gap
extends across a diameter of the
orbit so that the polarity of the
accelerating potential must be
changed twice for each electron
revolution; the potential from an
r-f oscillator is used, the frequency
being adjusted so that the electron
receives an acceleration each time
it passes the gap. Any charged
particle can be accelerated in the
cyclotron, hence it has been used in
atomic and nuclear research.
As the velocity of a particle
increases, its mass also increases.
The period of revolution of an electron in a cyclotron (given by T
rn/eB where m m,/[1
(v/c)2]1/4
is the relativistic mass of the electron, e is the charge of an electron,
y is its velocity, and c is the free

-
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PIGTAIL CERAMICONS
FEED-THRU, STAND-OFF,

CINCH -ERIE PLEXICON TUBE SOCKETS

with built-in By -Pass Ceramicons

ERIE BUTTON

Due to the high operating frequencies of FM,
many electrical and mechanical characteristics
not ordinarily considered in condensers, become
of paramount importance. The most important of
these is low inductance, both in leads and in the

basic construction of the condensers themselves.
The condensers illustrated on this page fulfill
this requirement through simplicity of design
and low internal inductance. For by-pass applications, Erie Stand -Off Ceramicons and Erie
Feed-Thru Ceramicons are most efficient for
carrying off R.F. current to ground. Heavy terminals, with direct connection to ground, reduce
external and internal inductance to a minimum.
Available capacities, up to 1,000 MMF, are
usually sufficient to efficiently by-pass frequencies of 80 MC or higher. Tubular Ceramicons,
shown at the top right, have the same internal
advantages as the Stand-Off and Feed-Thru type
Ceramicons, because of their simplicity of construction, but are provided with regular pigtail
leads necessary for many installations where

tONDON. itiOLAND
ELECTRONICS

-January,

MICA CONDENSERS

some moderate lead inductance can be tolerated.
The Cinch -Erie Plexicon Tube Socket, shown
in the center photogragh, with built-in by-pass
Ceramicons, puts the condensers around the tube
pins-where they belong. Leads are practically
eliminated, and other components can be installed closer to the socket, further increasing efficiency. Any tube pin or groups of pins can be
by-passed with condensers having up to 1,000
MMF capacity.

Erie Button Mica Condensers were designed
specifically for high frequency work. Ribbon
type leads, plus circular design, gives extremely
short electrical path -to -ground through the entire
area of the condenser. These compact units are
available in a number of different mounting styles
and in capacity ranges up to .006 mfd.
You can stake your reputation on these condensers for dependable use in tuned circuits, for
by-pass applications, or as coupling condensers,
in all FM applications. Write for complete details,
giving desired operating characteristics.

:

-

ME,

PA.

TORONTO, CANADA
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(continued)

Portion of a radiograph of a three horsepower, explosion proof, squirrel-cage induction motor shows industrial possibilities of
20 mev x-rays. Point source permits large
direct magnification of image. Cone of
x-rays becomes narrower as higher voltages are used to produce them. Exposure
time was only one minute with motor four
feet from the betatron

aí ARN O LD

THERE IS

NO CEILING ON QUALITY
We are not satisfied merely to offer you magnets which come
up to the proposed R.M.A. standards . . . this is our minimum
requirement. A quality floor below which we refuse to go.

space velocity of electromagnetic
waves) increases as a consequence
of the increase in mass so that the
high-speed electron will arrive at
the gap too late to be accelerated by
the r-f field. However, if either
the r-f is lowered in frequency or
the magnetic field is increased with
time, conditions for acceleration of
the electron as it crosses the gap
will be restored. This phase correction of the cyclotron is the basis
of the synchrotron, which can
accelerate electrons to such high
velocities that they lose energy by

direct radiation.

Induction Accelerators
The great drawback to cyclotrons
and synchrotrons is that they re -

Nor ae we satisfied that ordinary production and inspection
methods offer you adequate quality protection .
we individually
test each Arnold magnet in a loud speaker structure before shipment.
Another "individual touch" which has contributed to winning
industry-wide customer acceptance for Arnold magnets is our established minimum standard of 4,500,000 BHmax for Alnico V material.
Over five million Arnold loud speaker magnets of the R.M.A. type
have been produced since V -J Day under these quality safeguards.
Continued adherence to them assures you of long-lived, dependable
product performance.
In the mass -production of magnets, the Arnold "individual
touch" does make a difference. Let us give you the whole story.

THE ARNOLD ENGINEERING COMPANY
SUISIDIARY OF ALLEGHENY LUDLUM STOL CORPORATION

147 EAST ONTARIO STREET,

CHI_A.;O

11,

ILLINOIS

Specialists ln the manufacture of ALNIrO ,.ERMANENT MAGNETS
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Racetrack modification of synchrotron designed by the staff of University of Michigan for Naval research In subnucletrr
phenomena at Applied Physics Laboratory
of Johns Hopkins University will develop
300 mev electrons: it weighs 15 tons. Electrons are first linearly accelerated to 0.5
mev in the 15 foot high column to the left
January, 1947
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It may

and
look good on paper
perform superbly under regulated
when
laboratory voltages, BUT
it encounters the unstable voltages
that are available to your customers,
what happens-to costly filaments and tubes?
-to precision parts?
-to sensitive, balanced circuits?

-to over-all efficiency?
-to customer good-will?

The operating voltage you specify
will never be consistently available
unless you make provision for it.
That can be done most economically
and satisfactorily by including an
automatic, self-protecting SOLA Constant Voltage Transformer as a "builtin" component of your equipment.
There are many standard models
in SOLA Constant Voltage Transformers that have been specifically

designed for built in use. They are
being successfully used today by
many manufacturers of electrically
energized equipment who have guaranteed the availability of constant
rated voltage. May we make a recommendation for your equipment?

Write for Bulletin
DCV-IO2

...Here is the answer
to unstable voltage

ILAILA TRANSFORMERS

problems.

Mercury Lamps Series Lighting Fluorescent Lighting XRayEquipmént Luminous Tube, Signs
etc. SOLA ELECTRIC COMPANY, 2525 Clybourn Avenue, Chicago 14, Illinois
Manufactured in Canada under license by FERRANTI ELECTRIC LIMITED, Toronto

Transformers for t Constant Volta ge Cold Cathode Lighting
Oil Burner Ignition

ELECTRONICS

-

Radio

Power

Controls

Signal Systems
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quire large, heavy magnets. An
entirely different approach to the
problem of electron acceleration,
avoiding the need for such large
magnets, is to utilize the induction
principle of transformers, which is
done in the betatron. The technique
is to produce an increasing magnetic flux linking the orbit of the
electrons. Because there is acceleration as long as the magnetic flux
is changing in the same direction,

USE of Astatic's new
Nylon 1-J Crystal Pickup
Cartridge in new installations,
assures phonograph manufacturers that the quality of reproduction shall remain CONSTANT, regardless of needle replacements, during the life of
the instrument. This cartridge employs a Nylon
Chuck and matched, sapphire -tipped, knee action, REPLACEABLE Nylon Needle. Beca -ase
this Nylon Needle is matched to the cartridge, it is the only needle that can be
used with it, and the quality of reproduction must, therefore, remain

unalterable

... always.

MODEL

NYLON
1-1
CARTRIDGE

Cross-section View of Cartridge
Guard Height Adjusting Screw
Sapphire Playing Tip
G. Tapered Nylon Needle Knee
H. Needle Guard
I. Crystal Element
E.

A. Ejector Screw Hole
B. 2-64 Ejector Screw
C.

F.

Needle Locating Rn
Nylon Chuck

D. Tapered

THE

41Zer,

CORPORATION
OHIO
CONNEAUT,

IN CANADA CANADIAN ASIATIC LTD TORONTO ONTARIO

Astatic Crystal Devices Manufactured

ioder Brush Development Co. patents.

Transformation of mass to energy, as accomplished in atomic fission, was first produced by means of high-speed electrons.
Such fission is most effectively produced
by 20 mev x-rays, but higher energy rays
produce other reactions. For example, energy is converted to mass when very high
energy x-rays pass close to the nucleus of
an atom; the ray vanishes and an electron
and positron pair appear. The transformation is, however, not permanent for the
positron quickly unites with an electron
producing new radiation. Dr. H. C. Pollock, General Electric Research Laboratory
scientist, and Capt. R. D. Conrad, USN,
Director of the Planning Division, Office of
Naval Research, are inspecting a 70 mev
synchrotron being built for Naval research.
First peace -time use of atomic energy will
be for ship propulsion, second for heating
cities from a central plant

there are no phasing problems. Acceleration is more dependent on the
rate of change of magnetic flux
than on the flux density, so the
magnet need not be large. It is
necessary, however, to so shape the
magnetic field that the electrons
will follow an equilibrium orbit. As
the electrons go faster the radius
of their orbit (r = mv/eB where r
is orbit radius, and the other symbols are as before) would increase,
but by so arranging the magnetic
field that the increase in flux density at the orbit just offsets the
effects of the increased flux linkages accelerating the electron, a
stable orbit is obtained. Electrons
are readily accelerated to 20 mev.
The betatron is used industrially
for radiographing metal sections
several feet thick.
To further reduce the amount of
iron required in the betatron,. a
January, 1947
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YOU GET QUALITY PLUS ENGINEERING SERVICE WITH G -E PERMANENT MAGNETS

NET THAT
UR COFFEE

The heart of the G -E Automatic
Coffee Maker is a tiny but
powerful sintered ALNICO 2
magnet. At precisely the right
moment, it shuts off the current
and the coffee is ready! Pressing the button raises the
magnet to the position shown,
where it is held by attraction
through glass to the nickel disc
at the bottom of the siphon
tube. When enough pressure is

developed, boiling water
surges up the tube, pulling the
disc assembly with it. Its top
magnetic support gone, the
ALNICO magnet drops and
opens the contact switch.

G.E.'s precise quality control methods used throughout
magnet production, plus accurate testing and rigid inspection
insure you of receiving magnets of the highest uniform quality
for your application.
Greater flexibility of magnet design is possible with
the many G -E permanent magnet materials now available.
The large group of sintered and cast ALNICO alloys has
been augmented by the lightweight, non-metallic mixture,
VECTOLITE, and by the ductile permanent magnets,
CUNICO, CUNIFE and SILMANAL. From such a wide
choice of materials, you may now find a magnet better suited
for your application or a material which will make possible
new designs heretofore impractical or impossible.
General Electric engineers, backed by research and
application experience, have acquired years of "know-how"
in selecting the best permanent magnet material and properly
designing magnets for thousands of products. These engi-

ELIMINATE YOUR MAGNET
SUB -ASSEMBLY PROBLEMS
Consult General Electric for the design
and manufacture of carefully calibrated
permanent magnet sub-assemblies, ready
for your final product. G -E magnet subassemblies will benefit you in the following ways:
Eliminate your assembly line rejects.
Eliminate calibration problems in your
factory.
Eliminate cost of production and testing
equipment.
Eliminate breaking and chipping losses
on brittle magnetic materials.
Eliminate expense of shipping special
trays for semi-finished magnets.
We shall be glad to send you additional information about G -E permanent
magnet sub -assemblies upon request.

neers are at your service.
For detailed information about G -E permanent magnet materials, fill out and return the coupon to Metallurgy
Division, Chemical Dept., General Electric Co., Pittsfield, Mass.

METALLURGY DIVISION
CHEMICAL DEPARTMENT
GENERAL ELECTRIC COMPANY
PITTSFIELD, MASS.
Please send me your bulletin, GES -3337A, "Permanent Magnet Materials."

PERMANENT
MAGNETS
ELECTRIC
GENERAL
CD

NAME
TITLE

COMPANY
ADDRESS

s-J:v

CITY

L
ELECTRONICS

-
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HAND

WITH THESE SPECIFIC POINTS OF DESIGN
AND PERFORMANCE SUPERIORITY
Small Physical Size -2% x 2% x 1%.
Extremely High Torque-30 in. oz:. at

r.p.m.

I

Low Input -2.7 watts at 115 or 230V. 60 Cy.

Average Heat Rise -30°C at rated voltage.
Low Rotor Speed -240 r.p.m. at 60 Cy.

Precision Cut-interchangeable gear trains.
Twenty-eight Speeds -60 r.p.m. through 1/24 r.p.h.
Ample sealed in Lubricant.
Removable Coils.
Runs in any position.

Designers and builders of high grade instruments

..

.

including ourselves . . . have long looked for a real
precision built motor combining the above important
features and performance characteristics. This new
Cromer Self-starting Synchronous Motor is exactly what
you have been looking for. 60 cycle available now, later

production also planned on 25 and 50 cycle. Write us at
once for further details outlining your specfic requirements.
THE

R.

Box

No.

W.
3,

CRAMER COMPANY

Centerbrook, Conn.

6," .0

Medical Research

IN

ASAFACTEROF
DELAY

CYCLE

inception although it belongs logically with the cyclotron type of
accelerator, is the racetrack accelerator. Four straight sections are
inserted between quadrants of the
radial track of a synchrotron. One
section contains a cavity r-f accelerator, another provides space for
electron injection and for the target, and the others improve the
stability of the electrons in their
orbit. The construction permits
efficient use of the iron and exciting
power of the magnet, allows an
injection chamber and accelerating
cavity to be built in magnetically
field -free spaces so that they can
be built of iron to provide magnetic
shielding at these critical regions,
and leaves the entire path within
the magnetic field clear of obstruction, such as the target, so that
proper flux gradients can be produced.

SPECIALISTS

INTERVAL

direct current can be used to bias
the iron core. Furthermore the
synchrotron and betatron can be
combined to accelerate electrons to
the 100 mev level. The advantage
of combining the synchrotron with
the betatron is that the synchrotron
offers the possibility of repeatedly
accelerating electrons a great many
times, thereby obtaining velocities
that would only be possible in the
betatron were the magnetic field to
increase rapidly for a long time,
reaching impossible flux densities.
The advantage of combining the
betatron with the synchrotron is:
In the synchrotron as most conveniently used for accelerating
magnetic field
electrons, the
strength is increased, which in addition to holding the period of
revolution constant, changes the
orbital radius. The magnet is
therefore called upon to supply a
field across a wide annular ring.
By using betatron action to accelerate electrons to tens of millions
of electron volts, the width of the
annular ring over which magnetic
flux must be provided is narrowed.
A further modification, presented
here in chronological order of its

IMPULSE

TIME
CONTROL
PERCENTAGE

Measurements of the effects produced by electron beams from a 20
mev betatron indicate possibilities
of curing ten percent more cases of
cancer than is possible by other
techniques. Tests at Michael Reese
January, 1947
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our greatly increased production on Simpson Model
260 makes it available to you NOW at your jobber's
.

.

.

The Simpson 260 is easily the world's most popular set tester for
television and radio servicing. You cannot touch its precision, its
useful ranges, or its sensitivity in any other instrument selling for the
same price or even substantially more.
It has been a long time since we have been able to produce enough
260's to meet the demand, because the 260 has consistently out -sold
every other remotely similar test instrument. The reason is simple:
it out -performs and out -values them all. Simpson advanced engineering and unyielding standards of quality and precision manufacture
enable it to stay accurate under conditions ordinary instruments can.
not survive.

Incidentally-production on other Simpson instruments is clear
ing, too. We feel confident that it will not be long before you can
buy those Simpson instruments you have waited for.
Ask your jobber for the Simpson 260-he has it now!

SIMPSON 260, HIGH SENSITIVITY SET TESTER
FOR TELEVISION AND RADIO SERVICING

Volts-Both A.C. and D.C.
20.000 Ohms per Volt D.C.
1000 Ohms per Volt A.C.

Ranges to 5000

At 20,000 ohms per volt, this instrument is far
more sensitive than any other instrument even approaching its price and quality. The practically
negligible current consumption assures remarkably
accurate full scale voltage readings. Current readings as low as I microampere and up to 500 milliamperes are available.
Resistance readings are equally dependable. Tests
up to 10 megohms and as low as 1 ohm can be
made. With this super sensitive instrument you
can measure automatic frequency control diode balancing circuits, grid currents of oscillator tubes
and power tube, bias of power detectors, automatic volume control diode currents, rectified radio
frequency current, high -mu triode plate voltage
and a wide range of unusual conditions which cannot be checked by ordinary servicing instruments.
Ranges of Model 260 are shown below.
Price, complete with test leads

Volts D.C. (At 20,000
ohms per volt)
2.5

SIMPSON ELECTRIC COMPANY
5200.5218 W. Kinzi. St., Chicago 44, III.

$38.95
$5.55

Carrying case

Milli-

Volts A.C. (At 1.000

Output

ohms per volt)
2.5

2.5 V.
V.

IO

10

IO

50
250

50

50
250

V.

250

1000

1000

5000

1000

5000

5000

V.
V.

Micro-

amperes amperes

V.

Ohms

D.G.

O

IO
100

500

100

0.1000
(12 ohms center)
0-100,000
(1200 ohms center)
0-10 M e gohms (120,000 ohms center)

(5 Decibel ranges:

-IO to +52

DB)

ASK YOUR JOBBER

ELECTRONICS
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-AT LOWER COST!
Fast pump -down to extremely low absolute pressures

.

.

.

to nearly

nothing . . . makes the Kinney High Vacuum Pump invaluable for
preliminary roughing, washing, and finishing stages in lamp and electronic tube manufacture.

2
3

4

Hospital indicate that high-energy
electron beams are more effective
than x-rays. The electron beam is
brought out of the betatron through
an iron tube inserted tangentially
to the orbit.
In the case of x-ray treatment of
tumors, dosage that can be delivered to malignant cells is limited by
the radiation that adjacent healthy
tissue can tolerate. In treating
surface tumors, a nondirectional
x-ray source is placed very close to
the area being treated. Intensity
of radiation is thus high at the
cancerous tissue but decreases
rapidly beyond it. However, when
treating internal cancers such advantage cannot be taken of the
decrease of radiation density with
distance. The treatment must be
limited to such ªosage as will not
harm intervening healthy tissue
through which the x-rays must
pass.
To destroy cells, radiation is used
to produce ionization within them.
Using an electron beam projected
through the cells to produce ionization has several advantages over
using x-rays. There appears to be
a critical velocity at which maximum ionization is caused. A highspeed beam of electrons can be
projected through healthy cells with
little harm, but by the time the
beam reaches the malignant cells
the electrons will have slowed down

Lower final pressures and faster pump-down mean
shorter production time.
Higher pumping speeds permit smaller pumps to do
the work.
Smaller motors reduce power costs.
Automatic lubrication and oil sealing lengthen pump
life and prevent re -expansion.

Accepted as standard equipment in the production of incandescent
lamps and electronic tubes, Kinney High Vacuum Pumps are serving
dependably in countless other applications where low absolute pressures must be maintained. Kinney Single Stage Pumps produce low
absolute pressures to 10 microns or less; Compound Pumps to 0.5
micron or less.
Write for Bulletin V45.

KINNEY MANUFACTURING COMPANY
NEW YORK

3565 WASHINGTON ST., BOSTON 30, MASS.
CHICAGO
PHILADELPHIA
LOS ANGELES

FOREIGN

SAN FRANCISCO

REPRESENTATIVES

General Engineering Co. (Radcliffe) Ltd., Station Works, Bury Road,
Horrocks, Roxburgh Pty., Ltd., Melbourne, C. I.
W. S. Thomas & Taylor Pty., Ltd., Johannesburg, Union
WE ALSO MANUFACTURE LIQUID PUMPS, CLUTCHES AND

Radcliffe; Lancashire, England
Australia
of South Africa
BITUMINOUS DISTRIBUTORS

HIGH VACUUM PUMPS

Micro second exposure time makes possible x-ray study of high-speed effects on

material and personnel ,such as deformation of football at kickoff. Instead of using
high -voltage electrons to produce very
penetrating x-rays, high currents are used
to produce intense radiation.
Potential
gradients of 10 to 100 million volts per
centimeter are used to produce cold -cathode field emission. High arc currents vaporize cathode, forming a vapor cathode
of metallic ions that emits 1,000 amperes.
Tube operates at 300 kilovolts. 960 amperes for one microsecond intervals: x-rays
penetrate one inch of steel. Equipment
made by Westinghouse is small because
high voltage is applied so briefly that an
air arc has insufficient time to strike
January, 1947
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Uniform purity and top quality of
Schweitzer Insulating Papers are assured
by the innumerable quality controls

and tests throughout the manufacturing
process. Designed for paper or electrolytic

capacitors, coils, transformers and other

insulating purposes, these papers
are supplied in thicknesses ranging from
.00025" to .004".

SCHWEITZER PAPER CO.
182 Cornelison Avenue, Jersey City, N. J.
Plants: Jersey City, N. J., Mt. Holly Springs, Pa.
Research Laboratories and New York Office:
Chrysler Building, New York 17, N. Y.

SPECIALISTS IN

11

INSULATING PAPERS
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TYPE

Mounting

K-3251

Receptacle

Type "K" Receptacles are available
in nine sizes & three styles. K-32SL
Mounting Receptacle shown above
has a wider flange than K-32S, and
is adaptable for pin inserts only.
Type RK -31 SL carries socket insert assemblies only. Shell material
is light-weight aluminum alloy.

to their optimum ionizing velocity,
and will emerge from the tumor
with too low a velocity to cause further damage. The 20 mev electron,
beam from a betatron penetrates
10 cm of tissue with maximum ionization between 7 and 8 cm. There
is another phenomena that also acts
to make the technique useful. The
susceptibility to destruction by
ionization is highest in cells undergoing fission. As malignant cells
are dividing more actively than
normal cells, they are more likely
to be destroyed than other cells.

Self -Regulating Field
Excitation for Magnetrons
By H. C. EARLY

AND H. W. WELCH
Radio Research Laboratory

Harvard University

Cannon Electric type K-32SL Receptacle on
Collins' "180K-1" Antenna Loading Unit.

Cambridge, Mass.

Angle
90°

Type
K-23

Cannon Electric Type K-23 Angle yH° Plag
on testing equipment.

Plug

There are two angle 90° plug styles
in the Type "K" Series: K-23 shown
above and "RK -24" which carries
pin insert assemblies only. K-23
carries socket insert assemblies
only. Split shell construction makes
possible easy inspection and soldering operations.

STABLE MAGNETRON OPERATION can
be obtained by utilizing the anode
current as excitation for the magnetic field, instead of using a permanent magnet or a separately

excited electromagnet. The voltampere characteristic of the magnetron can be made to correspond
to a constant power curve over a
significant part of the operating
range, or to optimum modulating
conditions.
Series Magnet Connection

Type
RK -22

Cannon Electric K-22 C; K-32SL. Statham
Laboratories' Dynamometer, Accelerometer
and Pressure Transmitter.

Straight
Plug

Three types of straight plugs are
available in the "K" series: "RK -22"
shown above, having pin insert assembly; "K-21" with socket insert
assembly, and K-22 which has no
coupling nut and is used almost exclusively for extension cable use.
Both Straight and Angle 900 styles
are available with integral cable
clamps and are designated by adding "C" to the number, as "K-2 1 C".

Using a series connection of field.
and anode circuit, adjustment of'
anode voltage is less critical and)
the tuning range for fixed voltage
is greater than for constant magnet.
excitation. In experimental circuits,
5900

4,000
VOLT-AMPERE

Also available in the "K" and "AK" Series are Straight Junction Shells,
Angle 90° Junction Shells, Dummy Receptacles and Dust Caps.
]For complete information on this connector series, write for the Cannon
Electric Type "K" Bulletin. Prices are quoted on specific assemblies by factory or representatives. No price list is available. Address Department A-120.

r

r:
4,O

CANNON
ELECTRIC

CHARACTERISTIC OF
OSCILLATING MAGNETRON
WITH SERIES MAGNET

3900

2900

w

CANNON ELECTRIC

DEVELOPMENT COMPANY

1,000

0

VOLT-AMPERE CHARACTER ST1COF OSCILLATING MAGNETRON
WITH MAGNET EXTERNALLY EXCITED_

0J

0.3

0.2

0.4

MAGNETRON CURRENT IN AMPERES

3209 Humboldt Street, Los Angeles 31, California
Canada & British Empire-Cannon Electric Co., Ltd., Toronto, Ontario World Export
Agents (excepting British Empire) Fsazar & Hansen, 301 Cloy St., San Francisco 11, Calif.

oscillating magnetron characteristics. (Labels should be
reversed)
FIG. 1-Comparison of

January, 1947
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"This
New Year
stuff makes you kind of think of
the changes and improvements
that are taking place. Now that we
are working so much more with
miniatures I don't know how we

ever got along without them.
Take the Tung -Sol 35W4 power
rectifier that replaces the old
35Z5GT.
"You know this tube was de-

signed especially for series heater
operation in five or six tube ac/dc
receivers. The 35W4 is a good job
no other rectifier will give
you all its features. Heater voltages add up . . . you don't need
to throw away power in line

...

'-G

cords, ballast tubes, or resistors.
And for rectification efficiency...
say, the 35W4 will make an ac/dc
receiver perform just as effectively on dc as on ac power. Since
you must have a pilot light, the
tapped heater circuit of the 35W4
gives you a fool -proof system
which minimizes lamp surges yet
gives good illumination.
"High ambient temperature is
another point. You have to consider it in regard to its effects
on the rectifier as well as other
circuit components and on fire

underwriters standards. The

35W4 can tolerate an ambient as
high as 150° C. This, of course, fits
in with the compactness of the
resulting equipment. The smaller

the tubes, the closer all parts are
assembled hence the higher the
temperatures.
"The use of two 35W4's is per-

fectly practical for voltage

doubler applications. At 117 volts
input, a full -wave doubler delivers 100 ma. at 230 volts to the
filter input or 100 ma. at 210 volts
with the half -wave doubler. Think
what this means in terms of power
output in `transformerless' ac
power amplifiers! When you have
a circuit demanding up to 4.5
amperes peak current for very
short intervals look into the
35W4
there go the whistles,
Happy New Year-Everybody!"

...

TUNG-SOL
/r( i'((/((1/

lO/((/

ELECTRON TUBES

TUNG-SOL LAMP WORKS, INC'., NEWARK 4, NEW JERSEY
Sales Offices: Atlanta

Chicago

Dallas

Denver

Detroit

Los Angeles

New York

Also Manufacturers of Miniature Incandescent Lamps, All -Glass Sealed Beam Headlight Lamps and Current Intermittors
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it is possible to put the tube into
oscillation at low power, observing
tube operation before applying full
power. The oscillating state of a

magnetron with series excitation
rises uniformly with applied power
instead of suddenly for fixed excitation, as shown in Fig. 1. Parasitic
oscillation at low anode voltages or
oscillation at abnormal modes is
avoided. In addition, the high inductance of the magnet winding
can be used in the anode power
supply filter, and the output power
can be controlled by a single Variac
in the input power line.
Design of the field magnet is
restricted. Minimum anode current and maximum flux required
NEGATIVE HIGH POTENTIAL

MAGNETRON

SHUNT

P.,

POSITIVE HIGH
POTENTIAL.
ELECTROMAGNET

THE ANDREW

5._L

Greeted with a flood of orders when
introduced last year, the popular
Andrew Folded Unipole Antenna
now is flowing off the production
line at a rate which permits immediateshipment from stock.
Used for transmitting and receiving
in the 30 to 44 MC and 72-76 MC
frequency ranges, it easily outperforms other antennas selling at sevSEND

IN YOUR ORDER NOW

FOLDED UNIPOLE

eral times its price. Here is the ideal
communications antenna for police,
fire, forestry, railroad and aviation
services.
Here's why this antenna
is unusually satisfactory:
Perfect impedance matching eliminates tricky adjustment of loading. Users
report transmitter loads the same on
antenna and dummy, regardless of line
length.
Improved signal strength over ordinary coaxial or other dipole antennas.
Grounded radiating element provides
static drain, improving signal to npise
ratio and minimizing lightning hazard.
Weighs only 20 pounds with clamps.
Easy to install.
Inexpensive. Antenna costs only
$60.00, mounting clamps $6.00, transmission line adaptor kit $6.00 (specify
size and type of Line).

ANDREW CO
363 EAST 75th STREET CHICAGO

19

For effective solutions to your antenna problems

consult Andrew Co., designers, engineers and
builders of antenna equipment. Expert factory
installation service available.

FIG. 2-Magnetron with series field excitation of its magnet

by the tube determine the amount

of iron, thermal capacity, and
number of turns of the magnet. If
the magnet saturates, self-regulating properties of the circuit are
lost.
The circuit can be connected as
shown in Fig. 2. The magnet winding can be used in the power supply
filter provided the plate trans
former has low capacitance to
ground. The anode block of the
magnetron is at ground potential
for convenience in providing water
cooling. The shunt provides adjustment of the field to match the
characteristic of the particular
tube, or to control the output power.
Although a separate field excitation supply is unnecessary, the
anode supply must provide the
voltage drop through the magnet
winding. A spark gap or Thyrite
resistor across the magnet winding
should be provided for protection
of its insulation against voltage
'surges. The series magnet reduces
effects of changing line voltage and
power supply ripple. A combination of series and shunt field windings can be used to obtain a variety
of characteristics. Thyrite resisJanuary, 1947
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VERSATILITY
with
PLASTIC. MATE RIALS

and
PROCESSING

METHODS!

Each part exemplifies Frecision unto
itself and in relation to the various
other components in this razor.
Consolidated designed AT id built all
of the dies
and processEd all of the

-

carts!

Some cases and covers ve re injection

rolded of Polystyrene -others, corzression molded of Urea. The two hair
lockets, the two attachment -plug halves,
-he cord ring and 'transparent head -

quart

REM NIOTON
THREESOME
ELI CTRIC
SHAVER

...

4

INJECTION
(MOLDING

COMPRESSION
MOLDING

TRANSFER
MOLDING

-

9V

"TOUR IWErINR
IN PLASTIC"

POOLE ED PRODUCTS
ecep..,wsti4K
309 CHERRY STREET, SCRANTON _, PA.
/.cascñaa

ELECTRONICS

-
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all were injectior molded of
Polystyrene.
When the eight finished pieces are
brought together, they be=me an accurate plastic assembly o: individual
precision parts.
Consolidated treasures *ese "pieces
of eight"
We show ther to not only
highlight our plastics experience, skill
and completeness but to :Fso indicate
our desire to take on mar, similarly
iitricate problems. Your inquiry is
tierefore invited.

NEW YORK

CHICAGO

DETROIT

RRIDGEP7Rl

-

CLEVELAND
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(continued)

tors can be used for field shunts to

further alter the overall magnetron

operation. (Work reported herein
was done at RRL under contract
with OSRD, NDRC, Div. 15.)

French Microwav e
Telephone Circuit
From McGraw-Hill World News
EQUIPMENT for microwave transmission of 12 simultaneous tele-

phone conversations in both directions was put into operation last
April between Paris and Montmorency, France. The equipment
consists of separate transmitter receiver pairs for each direction,
one pair operating at nine centimeters, the other at ten ; one uses
horizontal polarization, the other
vertical, and thus interaction between pairs is avoided.

Transmitter
The frequency -modulated transthat superimposes the
twelve carrier-current telephone
circuits spaced from 12 to 60 kc on
the 10-cm radio carrier uses a
velocity - modulated positive - grid
tube. Modulation is accomplished
by varying the anode potential, the
tube having a nearly linear frequency -potential characteristic over
a 20 -mc range, more than used in
the frequency modulation. The
5,000 volts on the anode is stabilized
by counter -reaction against a
standard battery, giving a frequency stability of one part in 100,000. Distortion in the preamplifier
and modulator is reduced by local
negative feedback.
Possible distortion in the frequency modulator is prevented by

mitter

BE CONFIDENT WITH
A MICROPHONE BY TURNER
Whether it's a general purpose unit for voice and music, or a unit
for a specialized application you'll always be confident of accurate
pickup and faithful reproduction when your microphone is a
Turner. Turner Microphones are proving their superiority in design
and manufacture to new users every day.

Illustrated is the Turner Model 33-a high fidelity all purpose
microphone that combines high output with smooth response over
a wide frequency range. Its matched acoustic design results in crisp,
clear speech reproduction ... music is full and round with tonal
qualities faithfully retained. Furnished in a choice of high quality
crystal or rugged dynamic circuits. It is recommended for studio
recording, remote control broadcast, orchestra pickups, paging, dispatching and call systems, public address and communications work.
MODEL 33X CRYSTAL
Response: Flat within

t

Impedance: High impedance.

5db from

30-10,000 cycles.
Output Level : 52db below
dyne/sq. cm.

1

volt/

Crystal: High quality moisture sealed
crystal.
Stand Coupler: Standard %'-27 thread.
Cable: 20 ft. removable cable set.

MODEL 33 DYNAMIC
Response: Flat within *5db
40-10,000 cycles.
Output Level :52db below I
dyne/sq. cm.

Impedance: 50 ohms/250 ohms/500
from

volt/

ohms/high impedance.

Magnetic circuit: Heavy duty dynamic

cartridge.
Stand Coupler: Standard %'-27 thread.
Cable: 20 ft. removable cable set.

THE TURNER COMPANY
905 17th Street N. E., Cedar Rapids, Iowa

U. S. Patents of the American Telephone and Telegraph Company, and Western
Electric Company. Incorporated. Crystals licensed under patents of the Brush Development Company.

Licensed under

TURN TO TURNER

FOR THE

FINEST IN ELECTRONIC

EQUIPMENT

In the Montmorency station of the microwave telephone link, horn radiators are
mounted on adjustable tripods allowing
precise pointing laterally and in azimuth
January, 1947
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A TwADCMMK
OF QUALITY

...

the high stan rd of your name is assured
when you build in POTTER & BRUMFIELD relays and timers
j

e,'!e(

r

'=Synchronous Manual Reset Timer with remote signal indicator

Adjustable positive stop
1 kw or 1 hp.load capacity
Molded bakelite housing
Can be set as low as 1% of full scale
Wide range of time cycles available
Load either off or on during cycle
Signal contains both light and buzzer
Signal may be either adjacent or
remote
Both housings 51/2 x 31/2 x 31/2
Standard time cycles 15, 30 min., 1.

E8F Tf4Ca

5IRN1KL
PROC£SS

Ii4t£R

12

hrs.

Price-TA Timer $15.00-A Signal
$5.00

SMALL LIGHT DUTY

Potter 8 Brumfield standard relays will meet
most relay requirements and specials can be
supplied if required. Our 14 years of experience in the manufacture of relays assures you
that the type recommended for your job will
give better service.
Write NOW for your copy of our new 1946
catalog, illustrating and describing in detail o
complete line of relays and timers.

Light Duty Multiple Contact

YOUR LOCAL ELECTRONICS PARTS
DISTRIBUTOR STOCKS P&B PRODUCTS.

SMALL POWER
TELEPHONE TYPES

HEAVY DUTY POWER

SENSITIVE

PLATE CIRCUIT

MULTIPLE LEAF

MOTOR STARTING

POTTER

lift

BRUMFIELD SA ES

349 WEST WASHINGTON BOULEVARD., CHICAGO 6, ILLINOIS
0 ENGINEERING BUILDING, CHICAGO-CABLE ADDRESS ENOTS

ELECTRONICS

-January,

:
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(continued)

ELECTRON ART

WATER MAN

a frequency compression technique.
A portion of the transmitter output

DOES IT AGAIN

v

!

PORTABLE INDUSTRIAL & TELEVISION

POCKETSCOPE
-11-A

P

MODEL

VERSATILITY and UTILITY

LSEE

...

COMPACT

...

provided the auxiliary circuit introduces no distortion. To make the
auxiliary circuit linear, local frequency compression is used around
it.
Receiver

S

AN OSCILLOSCOPE OF UNUSUAL

LIGHT

is demodulated and reinjected at
the modulator in phase opposition
to the existing modulation. In this
fashion the frequency excursion of
the transmitter is reduced and the
linearity of modulation improved,

EFFICIENT

THIS NEW PORTABLE 'SCOPE AT THE SHOW: BOOTH 116

The receiver also uses the principle of frequency compression to
obtain a quality comparable to the
best telephone wire circuits. A

positive -grid local oscillator and
diode converter are used; the latter
has an especially flat filament to
avoid differences in electron transit
times. The converter feeds a wide band amplifier which in turn feeds

oscilloscope for measuring AC and DC ... Amplifiers
for vertical and horizontal deflection as well as intensity ...
Linear time sweep from 4 cycles to 50 kc with blanking of

A3 -inch

return trace ... Sensitivity up to 100 mv,'in ... Fidelity up to
350 kc through amplifiers ... Attenuators for AC as well
as for DC ... Push-pull amplifiers ... Anti -astigmatic centering controls ... Trace expansion for detail observations.
Direct connections to deflecting plates and intensity grids accessible
from rear ... Retractable light shield ... Detachable graph screen...
Handle ... Functional layout of controls.
light weight: 8%

...and the

lbs....

Portable size: 11" x 7" x

5"...$99

GENERAL PURPOSE

F.O.B. PHILA.

POCKEISCOPE
MODEL -10-A

Positive grid tube gives 30 watts output.
Waveguide below tube couples into horn
radiator. Frequency compression is used
to reduce modulation distortion

S

Widely known, widely used by engineers, industry,
amateurs and laboratories for convenient, efficient and accurate
testing and measuring requirements ... an instrument of versatile
application and dependable performance.

'66

INITIAL SHOWING

ELECTRICAL

F.O.B. PHILA.

AT THE

ENGINEERING EXPOSITION

NEW YORK CITY,

JAN. 27.31, BOOTH

116

WATERMAN PRODUCTS COMPANY
INCORPORATED
PHILADELPHIA

25, PENNSYLVANIA

190

discriminator. To reduce distortion in the demodulator the output
is used to frequency -modulate
the local oscillator in synchronism to frequency variations in
the incoming wave. This frequency
compression also serves to make the
receiver follow variations of the
transmitter's center frequency.
A similar system for 24 telephone
channels is being developed in New
York by Federal Telecommunication Laboratory, IT&T affiliate of
Laboratoire Central de Telecommunication which latter developed
the equipment described above. For
further details see: Le Cable Hertzien Paris -Montmorency, A -G. Claa

January, 1947
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Precision fastening for any need:
Waldas Truarc Special -Type Retaining Rings
Ai 1ov/tied

Wooded

Provides uni-

`
Takes up end-

form shoulder

for curved

play rigidly or

974T
\\,......,

resiliently,ac-

for bearings with large
corner radii.
faces,

-

where thrust is

)

commodatesholds

abutting sur-

le

Economical

I

moderate

fast, yet

accumulated

shaft requires

tolerances.

no machining.

I

fnfetloc üly
-piece ring
takes heavy
2

Wee-4cent
`

thrusts, gives
positive lock,
secure

Snaps on

radi

ally where
axial assembly
is

/
y

impossible.

No special

against

high RPM,.

i

-

shoulder. Easily
removed.

tools needed.

S There's a Waldes Truarc precision -engineered
ring to answer every need. Truarc Retaining Rings give a
never -failing grip because of their mathematically precise
construction. No matter how demanding your specifica-

3

f-xi,
VariantofCrescent for small
shafts; provides
large, strong

tions, it's a simple matter to refine your present designs to
save material, machining and assembly costs.WaldesTruarc
engineers will help you, will give your particular problem

individual attention without obligation.

LaES
Waldes Kohinoor, Inc.,
Long Island City

47-10 Austel Place
1,

Please send Catalog No.

N. Y., Dept.
4

18-I

on Truarc Retaining Rings to

Name
Title
TRADE MARK

U.S. PAT. RE. 18.144 AND OTHER PAT. PEND.

Company

RETAINING RINGS

Address

WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK
u. S. PAT. 2.382.945
ELECTRONICS

-

I

City

January, 1947
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(continued)

vier et G. Phelizon, Science et Vie,
June 1946.

Metallizing Applications
of thin layers of material from the vapor state has grown
from a laboratory method of obtaining layers a few molecules thick
to a versatile industrial technique.
Glass attenuators for precision
measurements of microwaves are
made by metallizing glass. Thickness of the film is accurately gaged
by measuring its conductivity during deposition. Research for the
process was conducted at the Polytechnic Institute of Brooklyn (PB DEPOSITION

1.)1/2' x53/8 x101/2.,

Weighs only 191/2 lbs.

6589, 47 p., Dept. of Comm.). Co-

axial metallized glass attenuators
and wave guide pads have been produced by the technique (PB -6588,

CML MODEL 1210

PORTABLE STROBOSCOPE
This newly developed stroboscope employs a novel circular arrangement, using a self -blocking oscillator. Rotary or vibratory
motion can be "stopped" when the moving object is examined
with stroboscopic light source. The speed covered is from 600 to
48,000 RPM (10-800 CPS), in 4 ranges. A synchronized reed is
provided for accurate calibration against the line frequency.

A valuable aid in industry for the slow-motion study of rotating,
reciprocating, or vibratory mechanisms, CML 1210 is also useful
for studying mechanical stresses and strains under dynamic
conditions.
The light source is contained in a probe attached to a 4 -foot
flexible cable. This unusual feature makes CML 1210 especially
useful when using the Stroboscopic light in small out-of-the-way
places. The light probe and cable are housed in the cabinet when
the Stroboscope is not in use. The handle of the probe is then
used to carry the instrument.

Write for Descriptive Bulletin

COMMUNICATION

MEASUREMENTS

LABORATORY

.120 GREENWICH STREET, NEW YORK 6, N. Y.
Sales Offices: CHICAGO: 612 N. Michigan Ave-WASHINGTON: 924 19th St., N.W.
PHILADELPHIA: Van Dam Building, 10th and Market Sts.

Waveguide attenuator is built around a
metallized glass resistance element
50 p., Dept. of Comm.). Using

the

same technique, precision metalized glass resistors for pulse circuits were produced. (PB -5186, 12
p., Dept. of Comm.).
Samples for metallurgical testing are prepared by the vaporization process at the research laboratory of the Leningrad Electric
Lamp Factory in Russia, where
radio tubes are manufactured. To
prepare alloys of all possible combinations of proportions of the
constituent metals, the various
alloying metals are heated to incandescence in a vacuum and the
stream of particles emanating from
them is made to mix on a screen to
form what might be called and alloy
spectrum. The technique offers an
extremely fast method of preparing
a range of alloys for study of their

properties.
January, 1947-ELECTRONICS
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Communications
Is My
Business
a communications engineer. I'm engaged in the design,
specification, purchase, installation, and operation
of a wide variety of communication equipment
ranging all the way from radio systems and units, public address
and inter -communication systems, recording equipment, etc.
to hearing aids and television.
et

Communications is a fast moving, highly competitive business.
There's constant demand for innovation and improvement,
and engineers must have at their fingertips up to date,
authoritative information on all product sources
as well as product specifications.
'4",

That's why... I use the BUYERS' GUIDE ...

why it's as indispensable as a slide rule to me as
well as to every engineer in my field

Mr. Manufacturer:
Your advertisement in the Buyers'
Guide will be seen by over 29,000
subscribers and 120,000 pass on
a complete and select
readers
audience made up of the hard to
reach men throughout industry
whose function is the specification
and purchase of electronic components, equipment, and allied
products. Give these men the information they need to design -in
and specify your products-in the
ELECTRONICS Buyers' Guide.

...

THE BUYERS' GUIDE PROVIDES
the names and addresses of over 3000 companies making electronic components,
equipment, and allied products. It contains a logical,
easy -to-use, and detailed system of product classification
that enables me to locate quickly all product sources.
In addition, there are special features, graphs, tables, indices etc....
valuable day to day working tools for the engineer.

THE ADVERTISING CONTENT
supplies most of the information I need to examine, compare, and
then design -in and specify components, equipment, and allied products.
Manufacturers using the Guide for the presentation of complete catalog type copy
on their full line of products perform a valuable service ..
save engineers like myself time and energy in thumbing through endless files
and folders or writing to manufacturers for additional information."
A McGRAW-HILL PUBLICATION

electronics

BUYERS' GUIDE ISSUE
ABP
330 WEST 42nd ST., NEW YORK 18, N.Y.

ABC

ISSUE

ELECTRONICS

-

FREE

TO SUBSCRIBERS

PUBLISHED EVERY JUNE 15th
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NEW PRODUCTS

tures at the rate of four 8 x 11
pages every 15 minutes. Listeners
in New York, Hollywood, San Francisco, Chicago, and Detroit have, or
will shortly have facsimile broadcasts available for such receivers.

Edited by A. A. McKENZIE

New apparatus, component parts, packaged units
and allied equipment are described. Catalogs and

Thickness Tester

Danbury, Conn. The Audigage is an interesting development in the line
of equipment that uses ultrasonic
BRANSON INSTRUMENTS, INC.,

manufacturers' publications are reviewed

Tunable Dipole

frequencies for nondestructive testing of materials. The portable
equipment, weighing only 14
pounds and powered by dry batteries, operates on the principle of
reflection of a narrow beam of
sound from the farther surface of a
metal plate or pipe. In practice, a
dial is turned until audio modulation of the ultrasonic oscillator

(1)

KINGS ELECTRONICS, 372 Classon
Ave., Brooklyn 5, N. Y. A new adjustable dipole that can be tuned
for optimum reception of f -m, television, and airport frequencies will
be available shortly. The dipole

arms are calibrated so that it is
possible to repeat settings previously determined. All hardware
and lead-in cable are furnished with
the antenna kit.

F-M Transmitter

(2)

North
Clark St., Chicago 26, Ill. Essentially, the new cascade circuit adds
the phase shift of six receiver -type
tubes to produce the required phase
shift for noise -free high-fidelity
modulation. This method is different from the frequency multiplication technique used in the original
Armstrong system, and is said to
result in an inherent lower noise
level. Direct crystal control of the
transmitter is possible without employing electromechanical frequency
stabilizers. Frequency response is
virtually flat from 30 to 15,000 cycles, distortion is less than 1 perRAYTHEON MFG. CO., 7517

(4)

cent, and the noise level is 65 db
below 75-kc deviation from center.
The 250 -watt unit illustrated can
also be used as a driver for either
1 or 3-kw amplifiers.

Facsimile Receivers

(3)

FINCH TELECOMMUNICATIONS, INC.,
10 E. 40th St., New York 16, N. Y.

Facsimile receivers of several different types, including the table
model illustrated, combine f -m
broadcast reception with the recording mechanism for printing pic-

sounds loudest in headphones. The
dial reading, calibrated directly in
thickness of steel, can be converted
easily to indicate thickness of
other metals or glass. The instrument has a range corresponding to
0.09 to 4.0 inches of steel, with an
accuracy of plus or minus 2 percent.

Thickness Gage

(5)

THE SHEFFIELD CORP., Box 893,
Dayton 1, Ohio. The Measuray is

an x-ray electronic comparator suitable for production measurement
and control of materials moving at
speeds of 5 to 5,000 feet a minute,
metal sheets and foils or nonconducting plastics and paper. The
apparatus does not touch the material gaged and movement or whip
up and down between signal source
and detector, within practical limits, does not disturb accuracy of

194
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With the

Visual Alignment

SIGNAL
GENERATOR

The HAR -CAM Visual Alignment SIGNAL GENERATOR provides the swiftest and surest method
for the adjustment and alignment of tuned circuits.
With it the complete radio frequency response curve
of any circuit under observation can be presented on
an oscilloscope screen. Variations in circuit alignment can be accurately evaluated and necessary
far simpler,
changes made in a matter of seconds
more precise method than the old technique of tuning
for maximum audio or voltage output which often
leads to improper alignment of I -F, discriminator or
other circuits.

-a

The HAR -CAM Visual
Alignment Signal Generator instantly shows
up the misalignment in
the 1-F circuit shown
above.

With the assistance of

the HAR -CAM Signal
Generator, the perform.'
once of the circuit is
easily and correctly adjusted.

SPECIFICATIONS
1. Linear frequency sweep deviation adjustable
from zero to 900 kc peak to peak.

2.

Vernier frequency control of 100 kc allows zero
beat calibration of main tuning dial or for vernier
frequency deviations, about main dial frequency
setting.

3.

Stable r-f goin control independent of frequency.

4. Five -step attenuator of r -f output giving over-all
voltage range of
microvolt to .1 volt when used in
conjunction with the gain control.
3. Output impedance, 1 ohm to 2500 ohms.
6. Phone jack for aural monitoring of zero beat
calibration of main tuning dial.
7. Panel jack to feed linear sweep voltage to x-axis
1

amplifier of oscilloscope,

thus synchronizing
the frequency sweep of the generator with the
spot trace on the scope screen.

C. Voltage regulated supply for internal oscillators.
Careful oscillator design to minimize drift.

9.

Size,

7"

wide, As/;" high,

101/" deep. Weight

Ii8 pounds.

Write for Bulletin

9

CONCORD AVENUE

CAMBRIDGE 36, MAiSACH(SITIS

m

Typical HARVEY products: Above left: The HARVEY Marine Radio Telephone Model M-25;
center.
HARVEY
ulated Power Supply 106 PA; tight: The t-IAR-CAM Model MFT-25 FY. Transmute..
Write for Bulletins.

ELECTRONICS -January, 1947
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markers are available. External
connection to any of the deflection
plates is possible and a trigger output is provided in each amplifiercontrol channel. The equipment has
been designed with a view to making photographs of the phenomena
displayed on the tube.

Geiger Counter

measurement. Wall thickness of tubing can also be checked. All measurements are claimed to be within
a tolerance of 1 percent of the thickness of the material gaged.

F-M and A-M Tuner

(6)

BROWNING LABORATORIES, INC., Win-

chester, Mass. A new f -m tuner covering 87 to 109 megacycles is combined with a -m circuits to tune the
present broadcast band. Separate
r -f and i -f channels are used for
both bands. Cascade limiters are

with radio service offered by the
telephone company, The mobile receiver contains a selective signal
circuit that responds to pulses sent
out from the dial -operated central
office transmitter. This system allows as many as 84 mobile units to
be selected, one at a time, with all
but the desired station locked out.
A busy lamp makes it unnecessary
to pick up the mobile handset to
determine whether the circuit is in
use. The handset is equipped with
a push -to -talk switch that connects
the f -m transmitter to the antenna
and the dynamotor to the output
tube. The equipment illustrated uses
a drawer -type construction to facilitate servicing.

Dual -Channel Scope

(8)

(9)

VICTOREEN INSTRUMENT CO., 3$00

Perkins Ave., Cleveland, Ohio. The
model 337 counter control, is a -c
operated and supplies up to 2,000

volts to the associated Geiger -Mueller counter tube. It scales counts
by a factor of. 64, although a scale
of 8 can be used if desired. Provision is made for aural monitoring.
An impulse counter is built into the
front panel along with the operating controls.

ELECTRONIC TUBE CORP., 1200

E.
Mermaid Ave., Philadelphia 18, Pa.
The model E -2G48 dual channel oscilloscope is a laboratory instrument
comprising two separate operating
channels that are connected to a
dual -gun cathode ray tube. Obser-

Signal Generator

(10)

Manchester, N. H. The model 700A signal generator operates over the
range 160 kc to 20 me with fundamental frequencies supplied in five
bands. Output impedance is 200
ohms with r-f output voltage of 0.1
NORTHEASTERN ENGINEERING,

provided for the f -m section. Provision has been made to utilize the
new twin -lead 300 -ohm cable for
both inputs. Physically the tuner
without power supply is 7i inches
high by 13i inches wide, and requires a depth of 9 inches.

Mobile Radio

(7)

KELLOGG SWITCHBOARD AND SUPPLY

First models have
been displayed of a new f-rn mobile
radio equipment designed to tie in
Co., Chicago, Ill.

I

vation of microsecond pulses containing frequency components up to
10 megacycles is possible. Timing

96
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PACKAGED R. F. RADAR ASSEMBLY
ELIMINATES DESIGN HEADACHES

j

R. F.

RADAR UNIT

#412

REFLECTOR
FEED HORN
ROTATING

Unit provides a
complete R. F. assembly for microwave radar. It is now
possible to obtain as standard items all the microwave
R. F. components necessary in the fabrication of a complete radar DeMornay-Budd Standard Transmission
Line Components plus packaged R. F. Unit.
The DeMornay-Budd packaged

R.

JOINT

F.

-

The R. F. Radar Unit is delivered complete and ready
to operate. It is wired and contains all the necessary
tubes and crystals. The unit uses a packaged magnetron
capable of delivering 20 kw., peak power, at 9375 mc.
Two type 2K25 local oscillator tubes are provided, one
for receiver and A.F.C. and the other for beacon operation. A type 1635 A -T-R tube, a type 1B24 T -R tube and
the necessary type 1N21 crystals are included in the assembly. A 20 db. directional coupler permits accurate
measurements to be made at any time with a maximum
of convenience and safety.

FLAT

90'

90'

TWIST

ELBOW

MITERED ELBOW

STRAIGHT

SECTION
/EDGE 90° ELBOW

90° TWIST

R. F

UNIT

unit -+412 (indicated by
asterisk) used in conjunction with
R. F. Radar

standard peMornay-Budd transmission line components.
Write for catalog of
standard bench test equipment.

Since the use of radar beacons is contemplated in the
near future, the unit has been designed 'with a beacon
cavity and crystal mount. The unit can be supplied with-

out the beacon cavity and crystal mount and beacon local
oscillator, and a termination supplied in their place so
that it becomes a simple matter to convert to beacon
operation when necessary.

Write for complete catalog of De MornayBudd
Standard Components and Standard Bench Test
Equipment. Be sure to have a copy in your reference
files. Write for it today.

EQUIPMENT
FOR
97% OF ALL

RADAR SETS

NOTE:

ELECTRONICS

-January,

J

_A_
DE

U5

MORNAY.BUDD, INC.

GRAND CONCOURSE, NEW YORK, N. Y.
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volt rms. External modulation or
30 percent internal modulation at
400 cycles is provided. The unit
weighs 14 pounds and measures 10
x 13 x 5 inches.

Engraved Dials

(11)

AMERICAN PRECISION DIAL CO., 93

Massachusetts Ave., Boston 15,
Mass. Plastic, glass, or metal dials
can be engraved with circles up to
20 inches in diameter and with as
many as 6,400 radial graduations

cord with the indicating meter, is
set to the degree of positive or negative opinion held by the voter and
the meter mechanism integrates the
total expression of opinion. If voters wish to abstain an OFF button is
pressed. The percentage of those not
voting can be determined. Fiftyfifty opinions are eliminated, but
the percentage so voting can also be
determined.

(13)

Combustion Safeguard
COMBUSTION

CONTROL

CORP.,

77

Broadway, Cambridge 42, Mass.
The Fireye FISTS combustion safeguard has been improved to insure
against damage resulting from
flame failure and low boiler water

brating circuit permits setting the
gain to produce an output of ex actly one millivolt per dyne per
square centimeter sound pressure
so that a conventional electronic
voltmeter can be employed for direct reading of the pressure. Owaccurate to 2 minutes on 360 degrees by an automatic method that
compares favorably in production
cost with pantograph engraving.

Opinion Meter

(12)

GENERAL ELECTRIC CO., Schenectady, N. Y. The composite opinion
of groups as large as 120 can be
measured by electronic casting of
secret ballots. A hand-held individual station, connected by a flexible

level. The photoelectric device that
sees loss of flame operates an alarm
and cuts off fuel. A probe in the
water column is wired into the same

control and alarm circuits.

ing to the extremely high acoustic
impedance and small size of the
standard microphone, free field
measurements can be more accurately made at high frequencies or
inside confined spaces than has heretofore been possible. Shock pressures generated by explosions, engine exhausts and the like can be
measured without damage to the
equipment.

Midget Microphone

(15)

KELLOGG SWITCHBOARD AND SUPPLY

Co., 6650 S. Cicero Ave., Chicago,
Ill. A midget microphone for meas-

Sound Pressure
Measurement System
MASSA

LABORATORIES,

INC.,

(14)
3868

Carnegie Ave., Cleveland 15, Ohio.
The Model GA-1002 sound pressure
measurement system is a precision
electroacoustic device for making
absolute measurements of sound
pressure over the entire audible and
early ultrasonic frequency range to
about 40 kilocycles. The equipment
comprises a Model M-101 standard
microphone used with a shockmounted preamplifier and 15 -foot
cable by which the probe assembly
illustrated is connected to a battery operated amplifier. A built-in cali198
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PERMANENT

MAGNETS

MAY

DO

IT

BETTER!

New Names in Permanent Magnet Materials
Made by Indiana Steel CUNICO-CUNIFE-VECTALITE-SILMANAL
Four new magnetic materials developed to widen and
supplement the field of applications already stimulated
by the cast and sintered Alnicos serve to emphasize
the significance of correct design in the use of Permanent
magnets. Due to their properties of ductility and
machinability, Cunico and Cunife are especially adaptable in magnets of small size.
CUNICO is an alloy of copper, nickel and cobalt which
may be cast, swaged, drawn, rolled, machined,
punched or sintered in round, square or rectangular
rods from 1/4" to 1" in any cross-sectional dimension.
It has a high coercive force and is well suited for
magnets requiring a large cross-section in proportion to length.
CUNIFE is a copper, nickel, iron alloy which has
directional magnetic properties and may be swaged,
formed, drawn, rolled, punched, and machined. It
has a high energy product in wire form up to 1/e
diameter and its coercive force is comparable to
that of Alnico.

*

VECTALITE is a sintered oxide which has directional
magnetic properties, extremely lightweight and a
very high coercive force. It has the unusual property of being non -conducting and has been satisfactorily used for rotor magnets in DC selsyns and

tachometer indicators.

SILMANAL, because of its silver content, is relatively
costly and, therefore, suited to special applications
requiring a very high resistance to demagnetization in either AC or DC magnetic fields. It is ductile, malleable and machinable and may be produced in rods from 1/16' to 5/16' in diameter.
With these outstanding new additions supplementing a
wide line of magnets, The Indiana Steel Products Company is equipped to furnish the exact type of permanent
magnet to meet any production requirement. Our engineers invite you to consult them on your design problems. For complete information write for our free
"Permanent Magnet Manual".

THE INDIANA STEEL PRODUCTS COMPANY
SPECIALISTS IN PERMANENT MAGNETS SINCE 1910

PRODUCERS OF "PACKAGED ENERGY"
6 NORTH

ELECTRONICS

-

MICHIGAN AVENUE

+

CHICAGO 2, ILL.

PLANTS

I

VALPARAISO, INDIANA
STAMFORD, CONN. (CINAUDAGRAPH DIV.)
© 1946 The Indiana Steel Products Co.
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(continued'

urement of sound pressures has

ENGRAVED...

AMPRÉDIZED
eaminni

now been made available after a
long period of use in the laboratories of the manufacturing company. Response is minus 59 db referred to one volt per dyne per
square centimeter, and is flat from
100 to 7,000 cycles within 1 db, or
within 3 db from 60 to 10,000 cycles. Acoustic intensities of 1,200
to 1,400 dynes per square centimeter have been successfully measured.

Crystal Diode

(16)

Co., Syracuse,
N. Y. A new germanium crystal
GENERAL ELECTRIC

diode with a safe forward current
of 0.05 ampere and a safe back voltage of 60 volts for radio and televi-

sion receiver applications has just
been announced. Weighing several
grams, with a body length of it
inch, the crystal has an interelectrode capacitance of approximately
0.2 micromicrofarad and a life performance of at least 3,000 hours.

The accuracy and ease of rapid reading requisite
in modern cathode ray work demands rigid grid
screens with fine, precisely spaced graduations.

Leak Detector

izrg4` produces thesescreene tat
transparen = plastic of any cesired thickness, in any fineness down 13 -500 lines
per inch, wLth heavy lines at any desired
interval .. - and at cost well below -that
of conventional pantograph engraving.
Hence API) grid screens ase standard in
-op-grade -oscilloscopes tad synchroscopes of well-known manufacturers.
Stock s.zreens are engraver with 10 lines
per inch, each tenth line beine1 heavy;
special screens with other rectilinear or
polar co-ordinates can be furnished to
your specifications. Write for quotations.
Ampr

The API) Grid Screen used on
the Browning Lab. Model OL -IS
Oscilloscope provides easy, accurate reading and is readily removed when changing the tube.

cin

(17)

VACUUM ELECTRONIC ENGINEERING

Co., 316 -37th St., Brooklyn 32, N. Y.

The Veeco mass spectrometer leak
detector is adjusted to cause a

*Amprelize. e. t. To engrave (linear, radial,
circular,oratucl-plane lines) b. the eutonsatic.
precision. process of the Am
Dial Company.

ricin Precision

-

tLfSION DIRLA-

93 MASSACHUSETTS AVENUE, BOSTON 16. MASS.
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electronics

READER SERVICE

..

.

TO BRING YOUR LIBRARY UP TO DATE ON

and NEW

LITERATURE
Manufacturers' Literature as well as
further information on New Products described in this issue are important "working tools" for design and production
departments. To make it easy to keep
up to date, ELECTRONICS will request
manufacturers to send readers the literature in which they are interested. Just
fill out card as shown in the filled -in
sample (right), being particularly careful to write out in full all the information
called for in each section of each card
that is used.

Write in .ircle number of item
describing one item

d

-.

PRODUCTS
Write in circle number of item

Namf'4/74, /i`,.
/KKri

ew/e.
<h i trio 13/

Your Comp ny

Address....!-/7

0,-2/!!!T

Your Name t
Your Title Creel_.,
ELECTRONICS, 330 W. '2nd St., N. Y.

describing one item

j..2

18

ff `

7...._..

3 ..//./..
Z cafe
¡O./tit

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

Your Name...r
Your Title
ELECTRONICS, 330 W. 42nd St., N. Y. 18

C/iie ,d/ftr e.er

PLACE

10

SAMPLE

..r..e........-

JL-..... _....

Your
Your Title
ELECTRONICS,

330

CARD

W. 42nd St., N. Y. IB

SHOWING

rwanted-,

Joees

Your Corn any Name
i71..eeQ2/5
Address

./7 L CIdti..4
Chic a/6 L3..,

Name....rlD.'j71
C'/s/E/rit%nr.4nor-

rrWee/^

Write in circle number al item

Your Company Name
Address ...3

Q

7 7s /!T9. c:

describing one item wanted -n

Write in circle number of item
describing one item{ wonted
Your Company Np me.tMIC
Address ..3r.2.11.i..L.gts7tg...

CORRECT

N[

Ne.

Lhí.c.a.. o

FILL-IN

5Tewne

}}{{
Your Name
Your Title
4 rl(an
ELECTRONICS, 330 W. 42nd St., N. Y.

ter..

STAMP ON CARD

18

DO NOT USE AFTER APRIL

1

HOW TO ORDER:
1. There are two

postcards, each divided into four parts. Each of the four
parts contains a box. You must write in
this box the number that appears in this
issue over the literature or new product
item in which you are interested. Place
one number only in each box.
2. Fill out completely (name, address,
etc.) for each piece of literature or new
product information you desire.
Do not say "same" in lieu of writing
out full information called for when requesting more than one item.
3. This service applies only to literature
and new product items in this issue. It does
not apply to advertisements. Write directly to the company for information on
its advertisements.
Careful and complete filling in of each
portion of the card on which information
is requested gives your request authority,
and allows the manufacturer to whom we
send your original request, the opportunity to address your copy correctly.

Write in circle number of item
describing one item wanted-+

Write in circle number of item
describing one item wanted ->

Your Company Name

Your Company Name

Address

Address

Your Name

Your Name

Your Title

Your Title

ELECTRONICS, 330 W. 42nd it., New York 18, N. Y

ELECTRONICS, 330 W. 42nd St., New York

Write in circle number of item
describing one item wanted->

Write in circle number of Item
describing one item wanted

Your Company Name

Your Company Name

Address

Address

Your Name

Your Name

Your Title

Your Title...

ELECTRONICS, 330 W. 42nd St., New York 18, N. Y

ELECTRONICS, 330 W. 42nd St., New York

Write in circle number of Item
describing one item wanted

Write In circle number of item
describing one Item wanted

-t

PLEASE NOTE:

Your Company Name

Your Company Name

In the event this copy of ELECTRONICS
's passed along to other members of your
company, please leave this sheet in for
their convenience. This assures everyone
in your plant the opportunity to fill in their
requests. When the round is completed,
cards can then be detached along perforated lines and dropped in the mail.
Each individual request will be mailed by
us to the company offering the information and for that reason must be com-

Address

Address

Your Nome

Your Name

pletely filled out.

ELECTRONICS-Jan. 1947

Your Title

18,

N. Y

18,

N. Y.

-

-i

Your Title

ELECTRONICS, 330 W. 42nd St., New York

18, N. Y.

ELECTRONICS, 330 W. 42nd St., New York

Write in circle number of item
describing one item wanted ->

Write in circle number of item
describing one item wanted->

Your Company Name

Your Company Name

Address

Address

Your Name

Your Name

Your Title

18, N. Y,

Your Title

ELECTRONICS, 330 W. 42nd Sf., New York

18,
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N. Y

ELECTRONICS, 330 W. 42nd St., New York 18, N. Y

An electronics service designe
READERS
FOR THE READER

and

MANUFACTURER

.

readers with all the pertinent and timely industry news.
ELECTRONICS fundamental policy has always been to supply its
the reader an easy and effective means of obtaining
offering
by
this
policy
The ELECTRONICS Reader Service supplements
at
his fingertips comprehensive, practicable information
maintaining
of
and
products
on
new
data
minute
the
up
to
complete,
on "who's doing what" in the industry.
of the month by month development by manufacturers of new
In every issue of ELECTRONICS there's complete cove -age
materials, components and equipment,
as well as brief mention of all the important, new, manufacturers' technical
pamphlets and catalogs. Some of these
1
APRIL
AFTER
USE
NOT
items will be of particular interest to
DO
CARD
ON
PLACE 10 STAMP
specific design and plant engineers,
buyers, executives and others of our
readers. They will want to make further
inquiry concerning the new products
Piace
described or they will want to read and
make a permanent part of their indusStamp
trial library some of the manufacturers'
Here
literature and catalogs. ELECTRONICS Reader Service makes it easy for
them to obtain in readily accessible and
usable form the information they desire.

FOR THE MANUFACTURER...

ELECTRONICS

ELECTRONICS Reader Service will
also be welcomed by manufacturers
who are desirous of placing the complete news of their product developments as well as their technical bulletins and catalogs in the hand of those
members of the electronic industry ...
including design, electrical, and production engineers, researchers, physicists, executives, and buyers-who have
a particular interest in, or represent
a potential buying power for, their
products.

330 WEST 42nd STREET

NEW YORK 18, N. Y.

1-1.47

Place
1

Stamp
Here

SUGGESTIONS FOR THE
IMPROVEMENT OF OUR
READERS' SERVICE ARE INVITED

ELECTRONICS
330 WEST 42nd STREET

NEW YORK 18, N. Y.

ELECTRONICS is constantly seeking new and improved ways of providing its readers with the news and information they want and need, and of
assisting the manufacturer in effectively
delivering his message to electronic
markets. If you have any ideas for us,
send them along. They'll receive prompt
and grateful consideration.
ELECTRONICS-Jan. 1947

1-1-47
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understand ..

TECHNICAL PUBLICATIONS,
REPORTS,
INSTRUCTION MANUALS,
BROCHURES
prepared by electrical,chemical
and mechanical engineers who

.ti

ability to investigate
and write... who together with
draftsmen and artists ezpla.i
ha .e the

and visualize your product.

Techlit presentations tell the r
story dramatically and completely.

_---....,..-

Techlit clients include prow iiert
firms in American industry.
Let Techlit prepare yóur publicatior.

TECHLIT CONSULTANTS, INC.

140 NASSAU STREET, NEW YORK 7, N. Y.
BEekman 3-1166
ELECTRONICS

-
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(continues)

meter deflection only when small
amounts of helium are detected in
the vacuum system to which the apparatus is connected. In practice,
a small stream of helium is played
over the apparatus suspected. If it
is absorbed into the system, the
detector gives immediate warning.
The minute quantities of helium
present in air do not affect operation. Nontechnical personnel can
use the unit which is powered from
115 v, 60 cps lines.

Miniature Motor

(18)

ALNI CORP., 10 E. .52nd St., New
York 22, N. Y. A new miniature
motor that can be operated on 30

milliwatts of power is now available for general use in operating

New Piezoelectric Crystal Elements

Operate Safely up to 250°

F.

Manufacturers of an increasing variety of products may
now obtain the wide frequency range and high sensitivity
characteristics of piezoelectric crystals for conversion of
energy. The new "PIT' Crystal in Brush piezoelectric
elements permits their use at temperatures up to 250°F.
These elements are capable of handling higher power

loads than any other commercial synthetic crystal.
Brush engineers have also developed METALSEAL*, a
moisture proofing which greatly improves the life and
performance of crystal products under conditions of extreme humidity. Brush piezoelectric crystal elements can be
successfully used under virtually any climatic conditions.
These developments contribute notably fo the improvement of phonograph pickups, microphones and other
acoustic products, and to the use of crystal in many other
electromechanical applications. Brush engineers will
gladly advise you in the adaptation of crystal to your
products. Write today for descriptive bulletin.
THE BRUSH DEVELOPMENT COMPANY
3431 Perkins Ave.
Cleveland 14, Ohio
'Trade Mark

cam switches and small ventilator
fans. The model 2000-2 illustrated
weighs 2i ounces and measures 11
X 11 x á inches, is of the permanent magnet type, and operates on
d -c.

Blinking Pilot

(19)

ENGINEERING ASSOCIATES, 380 Main
St., East Orange, N. J. A new warning pilot lamp that blinks at a rate
of 60 to 80 times a minute operates
on 200 milliamperes. It can be used

"Make everything you
hear Crystal Clear"
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Model

--

ELECTRONIC
VOLT
OHM

--

M A

---

Mr!)
MVAütl

2410

2d5^

ELECTRONIC
TESTER
RAry"t

LECTOR

4-DC
VOL -S

OHM,e,

A

-DC

C

VOLT

D

OFT

C
V

O
L

T

ACV.yrr,

4

reX}MfG
RXIOOi;
C+}K
F pXtQK

RX}K

D

C'r}{}

M

.

C-100

O

i_---_RX};
CX}p

M

S

COMMONDCVC

RXIOC} M

t

rSt1A

C
..,:._,

There's never been a tester like this!
Here's a tester with dual voltage regulation of the
power supply DC output (positive and negative), with
line variation from 90 to 130 volts. That means calibration that stays "on the nose"! That means broader
service from a tester that looks as good as the vastly
improved service it provides. And, together with its

many other new features-including our Hi -Precision
Resistor which outmodes older types-it means higher
performance levels wherever a tester is needed. Detailed
catalog sheets on request.

hd

42

RANGES: DC and AC.
Volts: 0-2.5-10-50-250-5001000. DC MILLIAMPS:

0-0.1-1.0-10-50-250-1000.

OHMS: 0-1000-10,000-100,000.. MEGOHMS: 0-1-

10-100-1080. CAPACITY
IN MFD: 0-.005-.05-.5-5-50.
LOAD IMPEDANCE: 51
megohms on DC Volts.
CIRCUIT LOADING: Low
frequencies. Circuit loading
equal to 8 megohms shunted
by 35 mmfd. High frequency
circuit loading equal to 8

megohms shunted by 5
mmfd.

Triplett
ELECTRICAL INSTRUMENT CO.
www.americanradiohistory.com
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(continued)

current circuits to 32
volts or alternating current up to
125 volts. External resistors are
used to adapt to the different voltages. The unit mounts on any panel
in a single 13/16 inch diameter hole.
The housing is Bakelite.
on direct

Contains Latest Available

Information on

Recording Turntable

(20)

West
55th St., New York 19, N. Y. The
Presto 8-D recording turntable uses
a heavy cast iron mounting base
and table that can be mounted on
a stand. An improved cutting head
PRESTO RECORDING CORP., 242

Engineers, designers-send for your free copy
of this valuable new guide, today. HAYDON'S
1947 Catalog is a storehouse of information and
specifications of timing motors for every conceivable application. And it's all been revised.
many new items! Every motor pictured
complete operational data and blueprint sketches
informative section on new special,
shown
and optional features. Up-to-date items include
AC timing motors and gear units, shift units,
brake units, friction units, elapsed time indicators, fixed interval repeat cycle timers, fixed interval automatic reset timers and many others.
Made in handy 8 V2" x 11" size to fit your files
conveniently. Be sure to add this late edition to
your files.

...

responds to frequencies between 50
and 8,000 cycles. Six different cutting pitches are immediately available by means of a belt adjustment.
Changes in direction can be quickly
made to provide inside -out and outside -in feed with a single screw.

If you plan to use timers now or in the
future, you'll find HAYDON'S 1947 Cata-

r

log one of your handiest references.

Coin Television

TRADIO, Asbury Park, N. J. TradioVision is a new television receiver
that can be installed in hotels or
public places and operated by the
insertion of coins. The equipments
have a five or seven-inch screen,

i

TIMING ENGINEERING SERVICE

CHECK,

CLIP,

+Ea

AND

MAIL COUPON NOW

(21)

don

eia2

MANUFACTURING COMPANY
*

ó
9p

INCORPORATED

104eAliddle,

*

OF GENERAL TIME INSTRUMENTS

F.

o

.

G

mEr

HAYDON Manufacturing Company, Inc.
Dept. E
Forestville, Connecticut
Please send me HAYDON'S new x947 Catalog.

Name
Address

City
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keep the fixed resistor leads always straight
You know how messy it is to
pick fixed resistors from a pan of
tangled units. No matter how carefully your operators work, resistor
leads became bent.
But most serious are the loss of
production and the irritation to
TYPE J

BRADLEYOMETERS

in 1, 2, and 3 section types
For continuously adjustable resistors-in 1,
2, or 3 section types-specify Type J Bradley-

ometers. They meet any resistance-rotatioi
curve specification.., and, being solid -molded,
there is no change due to age or use. Furnished with line switch if desired.

assemblers when they fumble
with tangled component parts. To
avoid these problems,use Bradley unit resistors. They come in handy
honeycomb cartons that keep all
leads straight.

And all leads are "differentially" tempered to prevent sharp
bends near the resistor. Leads
are quickly and easily formed to
fit any spot in your chassis.
Bradleyunits are small in size
but "tops" in load and life tests.
Under contünuous loads of 200%
load for 1100 hours, or under
100% load for 1000 hours, resistance change is less than 5%.
Allen-Bradley 00.,110 W. Greenfield Avenue, Milwaukee 4, Wis.

ALLE$Bi)DLEY

FIXED &ADJUSTABLE RAD, j/Ii7 RESISTORS

QUQUTV

ELECTRONICS

-
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500-line definition, and require 20
tubes. Overall size of the set is

5.5. WHITE

16 x 9 x 8

FUXIBLE
SHAF75

Relay Covers

OVER

SHORT

(22)

Wilmington, Delaware. Synvar Polyester
resins combined with milled Fiberglas have been successfully used to
make relay covers that have mechanical strength and temperature
MASTER PLASTICS, INC.,

$`toad, Se

FOR

inches.

e:ace REMOTE CONTROL
DISTANCES OR LONG - -

Variable elements are common to many electronic circuits.
In many cases these elements require manipulation from
points more or less remote from the equipment in which
they are housed.
For this service, S.S.White remote control flexible shafts
are specially designed and ideally suited. They are characterized by a minimum of angular deflection under load and
by practically equal deflection for either direction of rotation. When properly applied they operate as easily and
smoothly as a direct connection.
Through the use of simple gearing in
conjunction with the shafts, any required
degree of sensitivity can be obtained,
regardless of distance. For example,
S.S.White remote control shafts have
long been used for tuning aircraft radio
and directional equipment with entirely
satisfactory operation in lengths up to 50
feet and more.
FOR FULL FLEXIBLE SHAFT DATA
S.S.White Catalog in Sweet's
Catalog File for Product Designers or
write us for BULLETIN 4501.
Copy
mailed on request.

two remote control
flexible shafts connected to a
Showing

see the

Radio Compass Loop through
worm gearing. Note that the
shafts are connected to the
worms, which reduces the load
on the shafts and makes them
easier to operate.

resistance of more than 300 F. The
methods and materials used in this
case are applicable to similar enclosures when the required number
of items is low.

Range Receiver

(23)

Baltimore 4, Md.
range receiver is a
4 -tube superheterodyne with an intermediate frequency of 455 kc. It
tunes between 195 and 410 kc and
BENDIX RADIO,
The type PAR -3

operates from a 67.5 -volt battery
and one dry cell. The receiver
weighs only 1.5 pounds and is contained in a 3tb-inch cube.

Interconununicator

(24)

San Carlos, Calif.
The Dalmotron is a small, inexpensive intercommunication device
claimed to be much more versatile
than the conventional type. Among
its unusual features is the ability in
a six -station system to arrange two
DALMO-VICTOR,

S.S. WHI TE IID
INDUSTRIAL

THE S. S. WHITE DENTAL MFG. CO.
DEPT.

E

tillai(
Mall

.HAFTS
CUTTING ANO GIINDING POOLS

MOLDED IIISIST011

Oue oa

DIVISION

40th ST., NEW YORK 16, N.
AIIC/AFT ACCSSOIIFS
RFIULI SHAFT Toots

10 EAST

MASTIC SPECIASTIU

SPECIAL FORMULA UISFOS

CONTIACT

PLASTICS MOLDING

ril.icenaaá R11,44 9Kduartal E.xtezjlvrrQe4

January,
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FOR FASTER, MORE ECONOMICAL SOLDERING!

THE SOLDERING TOOL WITH

asr.aNgeh X.4e

At a touch of the trigger, stainless steel knives eject a measured
amount of solder. A loading chamber in the handle provides
housing for a 4 -ounce reel of solder. For continuous, all -day
production, solder may be fed through the EJECT-O-MATIC
from large reels mounted on, or under, the bench. A special
eyelet hole is provided for this purpose in the cover of the
loading chamber. EJECT-O-MATIC Automatic Feed, with core
solder, eliminates fussing with fluxes-makes soldering a one speeds production
assures neat, uniform
hand operation
watt
models are now available.
joints. The 50, 75, 100 and 150
Tips may be had in 6 different sizes and shapes.

-

-

Approved by Underwriters' Laboratories, Inc.

CONSIDER THESE BIG FEATURES
Micrometer Control of Amount
of Solder Ejected

Anti -fatigue Balance-Light Weight

Automatic Solder Retracting FeaturePrevents Melting of Excess Solder
Cooling Vanes Dissipate Excess Heat

Multi-clad, 400 -hour Tip, no tinning,
no

filing

One -hand Operation-Speeds Production

Safety, Utility Base

Model 19-S (illustrated) with base-retails at $18.95
Individually pocked. Shipping wt. per
carton of 12 units, approx. 42 lbs.
Send for literature

MULTI -PRODUCTS TOOL COMPANY, 123 SUSSEX AVENUE, NEWARK 4, NEW JERSEY
ELECTRONICS

-
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separate two-way conversations
while the rest of the system is open
for paging.

Cements and Solvents

(25)

JFD MANUFACTURING Co., 4117
Fort Hamilton Parkway, Brooklyn
19, N. Y. Radio cements, solvents,
and carbon tetrachloride are now

Photo courtesy of EMERSON Radio & Phonograph Corp.

WHY ARE

CORWICO

WIRE PRODUCTS SPECIFIED

BY THIS LARGE RADIO MANUFACTURER?
Because their ENGINEERING Department values their faithful performance of the requirements of insulation resistance and voltage breakdown
.
Because their PRODUCTION Department finds that they
possess the essential qualities which permit easy pushback

..

or mechanical stripping

..

.

Because their PURCHASING Department finds that these
quality products, backed by dependable service, are
sold at prices that spell true economy

being packaged in 4-, 8-, 16 -ounce,
and gallon containers. A brush is
attached to the metal cap of the
cement containers.

Multimeter

(26)

SYLVANIA ELECTRIC PRODUCTS, INC.,

500 Fifth Ave., New York 18, N. Y.
The type 134 Polymeter is provided
with a probe utilizing the type 1247
proximity fuze type tube and can
measure accurately up to 300 megacycles. Voltages up to 1,000 v d -c
and 300 v a -c, direct current in the
ranges 0 to 3 ma and 0 to 10 amp,

...

208
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IT DOES THE JOB OF SOLID SILVER

Pd%Juh!5 a/tow Cyst..

You needn't worry about today's high silver costs

because
you can use General Plate Laminated Silver Metals and get solid
silver performance at a fraction of the price of solid silver.
Here's how you save money and get the desired performance
characteristics, too. General Plate Laminated Metals are made by
permanently bonding thin layers of silver or other precious metals
to thicker inexpensive base metals. Thus you get the precious metal performance
at a cost slightly higher than the cost of the base metal.
Among the advantages of General Plate Laminated Metals, you get better electrical
conductivity, high corrosion resistance, workability, ease of fabrication, better
spring properties, long wearing life and structural and mechanical properties not obtainable
with single solid precious metals.
General Plate Laminated Metals are available in sheet, wire and tube form with precious
metal on one side, or both sides in practically any combination.
Investigate the advantages of General Plate Laminated Metals, today.
Wire for information.

A

GENERAL PLATE DIVISION
of Metals and Controls Corporation
O
O, MASSACHUSETTS

T

50 Church St., New York, N. Y.;

ELECTRONICS

-

T

L

E

B

205 W. Wacker

R

Drive, Chicago, III.; 2635 Page Drive, Altadena, California;

January, 1947
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AèCac.
RADIO STATION 6TANDBY

:1:111,11:
MOBILE UNIT

POWER

and resistance up to 1,000 megohms
can all be measured. The instrument operates from socket power
and weighs 16 pounds. There are
separate scale calibrations for resistance, d -c, a -c, and r -f measurements.
(27)

Plastic Sealer

a`

PORTABLE, STANDBY

q=

OR STATIONARY

for
Electronics Uses

RADIO RECEPTOR CO., INC., 251

West

19th St., New York 11, N. Y. A
new 2 kilowatt dielectric sealer,
type K -3-S, is completely self-contained. One of four types of sealing

MOBILE RADIO UNITS

GEOPHYSICAL SURVEY

7-

MUNICIPAL SIGNAL STANDBY

Onan Electric Plants are completely
self-contained, dependable power units
built in a wide range of sizes and standard voltages.
Lightweight, one or two -cylinder, aircooled models offer the maximum in

RAILROAD RADI

portability for many applications. Portable A.C. models-350 to 3,000 watts;
portable D.C. models-600 to 5,000 watts.
Although widely used for intermittent service as standby units, Onan two,
four, and six -cylinder water-cooled
plants are built for continuous heavyduty operation ... stationary or mobile.
A.C. models

models-3.5

-3

KW to 35 KW; D. C.i
KW to 10 KW.

WRITE FOR FOLDER

press can be mounted on the top
to form a complete thermoplastic
welder for such substances as
Koroseal, Saran, and Wataseal.
Thicknesses from 0.002 to 0.040
inch in varying lengths can be
handled successfully. A complete
description is given in Bulletin
7005.

Crystal Oscillator

(28)

Erie, Pa. The
type CCO crystal -controlled oscilBLILEY ELECTRIC CO.,

ONAN Electric Plants are available in many sizes and
models. ALTERNATING CURRENT: 350 to 35,000 watts in
all standard voltages and frequencies. DIRECT CURRENT:
115 and 230 volts. BATTERY
CHARGERS: 500 to 3,500 watts; 6, 12, 24 and 32 volts.

600 to 10,000 watts,

D. W. ONAN & SONS INC.
3559 Royolston Ave.

Minneapolis

5,

Minn.

PR-OVA-1CZ
"SPOT- RECORDING

January, 1947
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R-33
750 uh

R-33

G
750 uh

R

-50I

10

mh

1

mh

2;mh

NEW CHOKES
The enlarged line of chokes now offered by

National includes

many new sizes and types and provides units suited to spe-

cialized as well as standard applications. Many popular new
chokes are illustrated above, including the

hermeticallysealed

in

R

-33G which

is

glass.Other models cover current ratings

from 33 to 800 milliamperes in a variety of mountings carefully

planned for your convenience. These as well as old favorites
like the R-100 are listed in the latest National Catalogue.

NATIONAL COMPANY, INC., MALDEN, MASS.

ELECTRONICS

- January,

211
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ELECTRONIC REGULATED

POWER SUPPLIES

*

Precision

*
*

Accuracy

Performance
IMMEDIATE
DELIVERY

lator provides five of the most
commonly used intermediate frequencies used in radio receivers, a
200 -kilocycle signal for r -f alignment and a 1,000 -kilocycle signal
for shortwave testing. Other special
frequencies can be added to the
unit and selected at will. Audio
modulation of the signals can be
introduced as desired. Output can
be varied from 0 to 15 volts. Power
consumption is 17 watts and the
equipment requires no warmup
time.

Plastic -Cased Mike
ST.

Specifications:
Input:

115 V. 50-60 cycle.
Regulation: Less than 1/20 volt change in output voltage with change of from
85 to 145 V.A.C. input voltage and from NO LOAD to FULL LOAD (over
very wide latitude at center of variable range.)
Ripple: Less than 5 millivolts at all loads and voltages.
Fits any standard 19" rack or cabinet.

(continued)

(29)

LOUIS MICROPHONE

Co., 2726

Brentwood Blvd., St. Louis 17, Mo.
A new line of microphones called
Colormikes is now being produced

TYPE A: Variable from 210 fo 330 V.D.C. at 400 M.A.
TYPE B: Variable from 535 fo 915 V.D.C. at 125 M.A.

Construction Features:
Weston Model

301 (or equal) Milliammeter and Voltmeter.
Separate switches, pilot lights, and fuses for FILAMENT AND PLATE VOLTS.
All tubes located on shockmount assemblies.
Fuses mounted on front panel and easily accessible.
Can vary voltage by turning small knob located on front of panel.
Can easily modify unit from positive to negative output voltage.
All individual components numbered to correspond with wiring diagram.
Rigid -Construction: Components designed to withstand most severe military
conditions-physical and electrical-and were greatly under -rated.
I-VR105
Tube complement: Type A: 2-836; 6-6L6; 2-6SF5; I-VR150;
I-VR105
Type B: 2-836; 2-616; 2-6SF5; I-VRI50;

$

L6W

IIARA! TF($,`¡rIC

RLv

CHARACYERI,STK CURVES
SUPPLY
V.21-TA.SLFPow

.nicl+

in colored plastic cases, with un-

breakable diaphragms and Alnico
V magnets. A variable -impedance
output permits choice of 50 to 50,000 ohms for balanced line output.

Mica 'l'rinlluer

(30)

INc., Grand Rapids, Mich.
Five new mica trimmer capacitors
covering the capacitance range
from 5 to 370 micromicrofarads
have a minimum Q of over 200 at
1,000 kilocycles, and a leakage resistance of better than 2,000 megohms at a test voltage of 300 volts
LEAR.

A

.t

.

VOLT

'

.

I-

9nu - [)Gnn;uinrvs

Note constant D.C. output voltage over wide range; straight line regulation

Overall dimensions:
Shipping weight: 95 pounds
19" wide, 121/4" high, 11" deep.
All

units checked and inspected of 150% rated load before shipment.

NET PRICE: Type A: $175.00; Type B: $168.00 F.O.B.
Complete with tubes and ready to plug in
Prices subject to change without notice

Baltimore

NATIONAL RADIO SERVICE CO.
Reisterstown Rd.

&

Cold Spring Lane

Baltimore 15, Md.

January, 1947
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Drop -wire undergoing abrasion Les?s in
birch thicket " labora}ory." Below, the
new drop -wire, now being installed. /-

WE'RE GLAD THAT BIRCH TREES SWAY

The telephone wire which runs from the

pole in the street to your house is your
vital link with the Bell System. More
than 17,000,000 such wires are in use.
The wire becomes coated with ice; it
is ripped by gales, baked by sun, tugged
at by small boys' kite strings. Yet Bell
Laboratories research on every material
that goes into a drop-wire-metals, rubbers, cottons, chemicals-keeps it strong,
cheap, and ready to face all weathers.
Now a new drop -wire has been developed by the Laboratories which lasts even
longer and will give even better service.

It has met many tests, over 6 or 7 years,
in the laboratory and in field experiments.
It has been strung through birch thickets
-rubbed, winters and summers, against
trees, and blown to and fro by winds. In
such tests its tough cover lasts twice as
long as that of previous wires.
House by house, country -wide, the
new wire is going into use. Wire is only
one of millions of parts in the Bell System. All are constantly under study by
Bell Telephone Laboratories, the largest
industrial laboratory in the world, to improve your telephone service.

BELL TELEPHONE
EXPLORING, INVENTING, DEVISING

LABORATORIES

AND PERFECTING FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE

www.americanradiohistory.com
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(continued)

Screw adjustment of the capacitance is smooth and remains
permanently set.

Froiti out o Í

Transmitting Triode

the w es 1. ..

d -c.

(31)

2312 Wabansia
Ave., Chicago, Ill. The type T-300
medium -power triode is similar in
some respects to the type 204-A and
is a direct substitute for types HF :t00, KU -23 and DR -300 with some
TAYLOR TUBES, INC.,

.IIIPrI('
ho est
1

few exceptions. Maximum operating

The No. 10035

Illuminated Panel Dial
A truly "Designed for Application" control.
Compact mechanical design, sturdy construction, easy to mount. Totally endosed

mechanism eliminates back of panel interference. Previsions for mounting and marking auxiliary controls, such as switches,
potentiometers, etc. Finish, flat black art
metal. Site 81/4 e 61/2. Ratio 12 to 1. Hinged
escutcheon permits direct calibration without
necessity for removal of scale, thereby maintaining accurate calibration. Two four and
Five dine scales furnished with each did.

conditions include plate voltage, 3,000 v; plate current, 275 ma; plate
input, 750 watts; plate dissipation,
200 watts.

rdns. ornlers

Thermador

most in transformer qualis

desired, and when

(32)

Broadway,
Cambridge 42, Mass. The type A20C
photoelectric smoke indicator observes the density of smoke passing
through a flue and signals when
PHOTOSWITCH, INC., 77

name

remembered when the ut-

ity

Smoke Control

is a

exceptional engineering
skill

is

required.

JAMES MILLEN
MFG. CO., INC.
"Seven

MAIN OFFICE AND FACTORY

Leagues Ahead"

MALDEN

THE RMADOR

MASSACHUSETTS

THERMADOR

4E)

5119 District Blvd

ELECTRICAL

January, 1947
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HOW THE G -E
MYCALEX SERVICES
CAN BENEFIT YOU NOW
You may order fabrication of sample
G -E mycalex parts at surprisingly low
cost. Test them yourself in your own

equipment. Then, if you decide to
specify G -E mycalex, your design
can be converted to a molding process which permits speedy and economical production runs,

MOLDING SERVICE

Ì

l(ÌN

l&fpLL>.

v.._.

474

,

.GN

TRX4t_1í1.i...
i

-;.._.-.

.5/5r._..

.yA

FABRICATING SERVICE

Get This Unique Combination

of Properties with G -E Mycalex

When safety demands top protection

1.

2.
3.

INSULATE WITH G -E MYCALEX

arcs
4.
5.

In

aircraft engines-where safety
demands the finest insulating materials
-this seal of General Electric mycalex
assures excellent protection.
Maximum insulation resistance is
needed between the two fine wires
running through the seal. The gasket
flange requires the same complete insulation. By bonding firmly to these
inserts, General Electric mycalex gives
the seal added strength, helps make
it leakproof.
G-E mycalex is a gray, stone-hard
material recommended for its high

...

dielectric strength
low loss factor
heat resistance
toughness ..
chemical and dimensional stabilit \
You may order it in standard rods and
sheets, in fabricated parts, or molded
to your own design. General Electric
engineers, experts in the uses of this
unique material, will help you apply
it to your insulation needs. To get the
complete story, send for the ne\v
bulletin, "G -E MYCALEX." Write
to Section S-17, Plastics Divisions,
Chemical Dept., General Electric Co.,
1
Plastics Avenue, Pittsfield, Mass.

...

...

GENERAL

High dielectric strength
Low power factor
Prolonged resistance to electrical

6.
7.

.

8.

9.

Chemical stability-no deterioration
with age
Dimensional stability-freedom
from warpage and shrinkage
Impervious to water, oil, and gas
Resistance to sudden temperature
changes
Low coefficient of thermal expansion
High heat resistance

Samples Supplied on Request

MYCAI.EX

ELECTRIC
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NEW PRODUCTS

this density approaches values previously designated as the maximum
to be tolerated. Supplementary
equipment includes bells and graphical recorders.

Hearing

M

rctphone

(33)

TIBBITTS INDUSTRIES, INC., Camden,

Maine. A new ultrasensitive microphone for hearing aid use measures

inches in body diameter and is
inch thick. The model HA -30
unit uses a crystal element, protected by a guard grille.
1

I

i

Open Blade Switch

(34)

Imperial Pencil Tracing Cloth has the
same superbly uniform cloth foundation
and transparency as the world famous
Imperial Tracing Cloth. But it is distinguished
by its special dull drawing surface, on
which hard pencils can be used, giving
clean, sharp, opaque, non-smudging lines.

AcRo ELECTRIC Co., 1316 Superior
Ave., Cleveland 14, Ohio. A new

two -pole snap -action switch operates
with a movement differential of

Erasures are made easily, without
damage. It gives sharp, contrasting prints
of the finest lines. It resists the effects
of time and wear, and does not become

'

WOILASTON

drawl

PROCESS

as small as

brittle or opaque.
Imperial Pencil Tracing Cloth is right
for rnk drawings as well.
Ir«

WIRE

.000010";

IMPERIAL
PENCIL

your specificctions for

Made

diameter and resistance
WRITE

00,4".

..

.

for list of products.

4144,4

1/16 inch. It is manufactured with
single or double -throw contacts.
Rated at 15 amp, 125 volts, a -c, the
overall dimensions are only 22e x
25/32 X inches.

Calculator

CLOTH

(35)

Co., 145
West 57th St., New York 19, N. Y.
AMERICAN

TRACING

HYDROMATH

SOLD BY LEADING STATIONERY AND
DRAWING MATERIAL DEALERS EVERYWHERE.

The Calculaide frequency computer
January, 1947
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..

HEYWOOD-WAKEFIELD

.

EMERSON RADIO

INDUSTRY'S Fastening -wise LEADERS

SONOTONE CORP.

CHOOSE PHILLIPS SCREWS
INDEPENDENT STUDIES! AUTHENTIC! UNBIASED! Prepared by

BENDIX APPLIANCES

investigators from the Jantes O. Peck Co., industrial
research authorities, who talked with key men in top
U. S. plants using Phillips Recessed Head Screws in
product assembly.
"Assembly savings 507" ... "Breakage reduced 90(A"
"Eliminate $40. -a -day spoilage." In their own words,
America's best assembly men tell how they apply the
proved advantages of Phillips Screws to speed driving,
end driver skids, eliminate unsightly burrs, improvt'
product appearance.
Each report is fully illustrated -a fact -jammed digest
of modern assembly practice, information you never
hoped to see in print, inside facts you would pay good
money to get - now, FREE, to you.

PULLMAN -STANDARD

OTIS ELEVATCR

Wood Screws

American Screw Co.
Atlantic Screw Works
Atlas Bolt & Screw Co.
Central Screw Co.
Chandler Products Corp.
Continental Screw Co.
Corbin Screw Div. of
American Hdwe. Corp.
The H. M. Harper Co.

International Screw Co.
Lamson & Sessions Co.

Self -tapping Screws

Oaggs
Milford Rivet and Machine
National Lock Co.
National Screw & Mfg. Co.
New England Screw Co.
Parker- Kalon Corporation
Pawtucket Screw Co.

Co.

Stove Bolts

'

..

..

NORTON CO

PITNEY -BOWES

YORK CORP.

PIPER AIRCRAFT

These reports have been offered as they were published throughout the year. If you haven't already
sent for them, get all twelve now. Read them! Learn
why, more and more, Phillips Screws spot the profit planned products!

Machine Screws

.

SERVEL, INC

/2 'rem,* Nttd 4l

PHILLIPS zeit SCREWS

.

LIONEL CORP.

Ma/% the eottpoh

HOWL
reg

BIM oEZI

Phillips Screw Mfrs.,
c/o Horton -Noyes
2300 Industrial Trust Bldg., Providence,
Send me the 12 Assembly Reports on

Pheoll Manufacturing Co.
Reading Screw Co.
Russell Bordsall & Ward

Name

Bolt & Nut Co.
Scovlll Manufacturing Co.

Company

Shakeproof Inc.
The Southington Hardware Mtg. Co.
The Steel Company of Canada, Ltd.

Address

E

R.

Phillips Screws.

Sterling Bolt Co.
Stronghold Screw Products, Inc.
Wolverine Bolt Company

1:3

1.

asa

IVAN

-

NM
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(continued)

S!

640 Double -A condenser mikt.
with associated RA -1095 amplifier

Western electric

640 DOUBLE -A MIKE

Here's a mike that's ideal for non -directional, ultra faithful single mike pick-ups in large studios or auditoriums. Its unusually small diaphragm forestalls phase
distortion and improves fidelity. For booklet giving full
details, write to Graybar Electric Co., 420 Lexington A. r-..
New York 17, N. Y., or .. .
ASK YOUR LItc51

rÿbáR

BROADCAST REPRESENTATIVE

correlates, at one setting, natural
frequency and wavelength of a circuit comprising an inductor and
capacitor with the physical dimensions of the coil and the capacitance
value of the capacitor. A frequency
range from 400 kilocycles to 150
megacycles is covered. All scales
appear on the same side of the
computer.

Stripper Kit
GENERAL

CEMENT MFG.

(36)
Co., 919

Taylor Ave., Rockford, Ill. Insulation of any wire from size 8 to. 30

HOPP

YQR2iGC

RADIO
DIALS
DIAL
WINDOWS
NAME
PLATES
SCALES

GAUGES
CHARTS
CALCULATORS
ETC.

DIALS have
PLASTIC RADIO

color combination.
byy
preferredd
scales are

shape and
in design, size,
and
endless possibilities
windows
dials,
durable, our radio

and

manufacturers.
leading Radio
electrical applielectronic and
numerous other

dials, but for
Not Only for
preferable.
Plastics are
cations, Laminated

our artists
Consult with
Or
purpose.
particular

.. se

your
opP hcafonsfor
ineers regarding
quotation.
for
samples
blueprints or

INC.
PRESS,
HOPP
THE
1893
ESTABLISHED
Y.

can be quickly stripped with the
new Speedex 733-K kit. The basic
tool has seven interchangeable
blades and is packaged in a steel
case.

Voltage Regulator

(37)

& CO., INC., Stamford,
Particularly applicable for

SORENSEN

Conn.

aircraft use, the model D-500 a -c

YORK 1, N
STREET, NEW
460 WEST 34th

January, 1947-ELECTRONICS
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VADE 10 ORDER
FOR AIRCRAFT PANELBOARDS

\TB

PRECISION

METERS

MINIATURE

HAIRLINE ACCURACY, minimum size and weight, electrically adapted for a specific job ... that's what you can
instruments truly "made to
be sure of with MB miniatures
order" for aircraft! Plan on their design advantages ... and
for fuel gages, cylinder head thermotheir dependability
meters, oil temperature and pressure gages, and others.

...

...

THERMOCOUPLE
THERMOMETERS
For Example

..

.

Accurate to within ±2 " \t li instruments also have the sensitivity for use with thermocouple,.
20 millivolt drop produces full
deflection in instruments compensated for copper temperature

error: uncompensated-only

121/2 millivolts. You can get them
with square or round, anodized
aluminum housings, plain or
luminous scales-all built for
long, hard usage.

These efficient meters are designed for the required calibrations and special performance characteristics, and compensated
for error -producing temperature changes ... for use wherever
quantities can be measured electrically. Not only do they offer
unfailing accuracy, but they also help you cut panel space and
weight requirements to the bate.

MB instruments are built to high standards,. of only topquality materials. Let an MB engineer show you how easily
and economically the -inch and 11/2 -inch models can be
applied to your own designs. Write for details.
1

r

-THE

113
MINIATURE

MF
331ANU
East Street,

COMY,
NewACTiiRING

HavenPAN11.

INC.
Conn.

ELECTRICAL INSTRUMENTS FOR ANY PURPOSE

ELECTRONICS-January

219

1947

www.americanradiohistory.com

NEW PRODUCTS

BEST ON THE

ROAD!

(continued)

voltage regulator delivers output
voltage in the range 110 to 120
volts with input voltage from 95 to
125 volts, 360 to 500 cycles. Regulation accuracy is 0.5 percent and
harmonic distortion is less than 5
percent. The unit weighs 12.5
pounds.

Transcription Console

WARD

I

Made 6y GUARDIAN PRODUCTS
CO., Micóig.n City, Ind.

e

eN

SURE, IT'S A

FLEXIBLE COUPLINGS

(38)

!assured of firm
(hold on shafts

ROBINSON RECORDING LABORATORIES,
35 S. 9th St., Philadelphia 7, Pa.

AERIAL

A new wooden cabinet with access

ALLEN

HE

X -

SOCKET SET SCREWS

apply the grip!
Every Ward model has been
tested and approved by car and

radio set manufacturers-your
proof of quality inside and out.

ti

to turntable motors and storage
space for recording accessories can
be supplied with or without turn-

table chassis.

Multiple-Contact Relay

..
.

(39)

Eastern Industries, Inc., 100 Regent St.,
East Norwalk, Conn. The AC2 multiple -contact relay used in vehicleactuated traffic control systems is
now available for general use. Insulation between individual contact
springs and between any spring and
ground is of the order of 300 megAUTOMATIC SIGNAL DIVISION,

\

ARD

Flexible Couplings made by GUARDIAN
PRODUCTS COMPANY of Michigan City,
Indiana are widely used to connect drive
shafts of motors with those of moving
parts in household mechanical equipment and appliances for smoother, more
quiet operation with less vibration.
ALLEN Hollow Set Screws are used to
make the connections secure. These hex -

socket screws are handily set up with
so tightly that they
Allen Hex Keys,
never work loose or let a drive shaft slip.
The screws are threaded to a high Class
3 fit for the maximum of frictional
HOLDING -POWER in the tapped hole.

-

ohms. Connections to coil and contacts are made at the rear so that
World's largest manufacturers of
antennas. We specialize in car,
home, amateur and special communications applications, including FM and television. Write for
full details.

Ask your local Allen Distri-

butor for samples to test for
any application you have in
mind. Also test samples of Al-

THE

WARD PRODUCTS

len Socket Head Cap Screws,
Flat Head Cap Screws, Socket
Head Shoulder Screws and
"Tru-Ground" Dowel Pins.

CORPORATION
1523 EAST 45TH STREET
CLEVELAND 3, OHIO
In Conoda-Atlas Radio Corp.,
560 King St., W., Toronto, Ont., Canada

THE ALLEN MFG. CO.,
HARTFORD

1,

COHN., U.S. A.

January, 1947 -ELECTRONICS
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Crisp action, Durable construction. Low power consumption. Light, intermediate and heavy-duty types for
sensitive, transfer, time delay, antenna change -over,
break-in, and latch -in operation. (Illustration at left)

Withstand heat, moisture, vibration, and other adverse
operating conditions. Regular line includes wide range
of types, sizes, ratings, terminals, mountings and enclosures. (Illustration at right)

Operate smoothly. Durable contacts. Line includes widest range of sizes, tapers, and current ratings from tiny
ring -types for radio to huge multiple assemblies for
heaviest industrial use. (Illustration at left)

WARD LEONARD
Electric Control

WARD LEONARD ELECTRIC COMPANY
ELECTRONICS

-

January,

Devices since 1892

32 SOUTH

ST.

MOUNT VERNON, NEW YORK
221

1947
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(continued)

the relay can be vertically mounted
on a panel. Coils for 115 and 12
volts, 60 cycles are standard. Various combinations of c.,ntact arrangement can be supplied.

COPPER OXIDE

RECTIFIERS

Plastic Capacitors

(40)

It Costs You Less
to Pay
a Little More

for

AMERICAN CONDENSER Co., 4410 N.

Ravenswood Ave., Chicago 40, Ill.
The Amcon Little PL is a new small

SILLCOCKS-MILLER
PLASTIC DIALS

IDEAL

FOR

CURRENT

AUTOMATIC
CONTROL

"Coprox" rectifiers may
be your answer to more
efficient current control.
Their varistor characteristics make them ideal for
automatic current valving,
current limiting, current
blocking, as well as current measurement.
Bradley rectifiers are
designed to give you
trouble -free service. Their
electrical characteristics
remain stable indefinitely
When operated within
normal rating, their life is
unlimited.
Send for curves showing current, voltage, resistance and temperature

characteristics of Bradley
copper oxide rectifiers.

Illustrated literature,
available on request,

capacitor in a molded plastic case
for top chassis mounting. The units
are 2l inches high and have a
diameter of 11 inches.

best.

Portable Console

(41)

West
55th St., New York 19, N. Y. The
type 90-A portable console for recording consists of three preamplifiers, mixer, master gain control,
PRESTO RECORDING CORP., 242

shows more models of
copper oxide rectifiers,
plus e, line of selenium
rectifiers and photocells.
Write for "The Bradley
Line."

BRADLEY
LABORATORIES, INC.
82 Meadow St.

New Haven 10, Conn.

Quality, not quantity is the tradition at Sillcocks-Miller.
Of course, we cannot make all the
plastic dials industry requires, so we
concentrate on producing only the

That's why design engineers who
need plastic dials fabricated to close
tolerances have come to depend
on Sillcocks - Miller craftsmanship
through the years.
Our understanding of the problems,
our ability to produce accurately and
our thorough knowledge of all types
of plastics enable us to supply your
needs quickly and with a minimum of
effort on your part.
That's why we can say "It costs
you less to pay a little more for Sill cocks -Miller quality.
Write for illustrated brochure today.

THE SILLCOCKS-MILLER CO.

and recording amplifier. A selector
provides various recording and
playback characteristics. Flexibility of controls allows a free combination of functions so that the
amplifier can feed both a public

222

0

West Parker Avenue,

Hulling Address,

SPECIALISTS

Orange,

L

1

PRECISION-MADR
IN NIGH QUALITY,
FOR COMMERCIAL,

PLASTICS PAIRICATED
INDUSTRIAL
TECHNICAL AND

January, 1947
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Moplsioud,ILL

South

-

R/OUIRIMINTI.

ELECTRONICS

r

down
in many metals

from 5/8"O.

D.

SEAMLESS

Stainless Steels Alloy Steels
Carbon SteelsNickel&Inconel
and
WELDRAWN* Monel Beryllium Copper

Superior tubing must have what it takes,
judging from the demands of the manufacturers
of quality peacetime products. Many of these
same manufacturers were engaged in production
for the armed forces, where quality took on a
new meaning-lives, many lives depended on it.
Quality can't be "just skin deep"-it must
pervade the innermost parts of a product. Tubing usually loses its identity in end use-it very
often is just a "line on a blueprint"-but a line
or part that must perform as well as the costliest
component in the assembly.
Choosing the proper analysis depends
upon combinations of such properties as corro *Registered U.

S.

Trademark

sion resistance, formability, machinability, high

strength at high temperature and surface finish_
Superior maintains tireless control of these fac-

tors as well as physical dimensions and tolerances, all of which contribute to tubing quality.
Our ability to predict accurately the results to
be experienced with any given analysis, is your

assurance of enduring, faultless performance in

production and end use.
Superior engineers and metallurgists are
ready to help you choose the exact analysis for
your product. Design with Superior tubing and

e-f,
be sure

!

SEE\OUR
CATALOG IN

SWEET'S

SUPERIOR TUBE COMPANY
Norristown, Pennsylvania
ELECTRONICS

-January.
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?et

PRECiSCON OBSERVAt6O

of Rodio, Sound, Television on

(continued)

address system and record cutter.
Incoming line programs can be combined with pickups or microphones.
The equipment operates from socket
power.

Heating Accessory

(42)

INDUCTION HEATING CORP., 389

This new 5" Cathode Ray Oscilloscope is a
precision instrument at an attractively low
price, designed for practical application in
laboratory research and production work.
Sturdily built to stand up under continuous
use, and ably engineered for accuracy, versatility and easy operation. Has wide frequency
range, 10 cycles to 300 Kc. Deflection sensitivity, volt RMS per inch. Sweep range, 10

La-

fayette St., New York 3, N. Y. A
compact hydraulic rotary spindle

1

ONLY
STOCK
NO.

84-376

$9922

cycles to 60 Kc. in four steps. For 110-120
volt, 50-60 cycle operation. In welded steel
cabinet, with baked black wrinkle -finish;
81/2" wide, 14í/Z" high, 181/2" deep. Instrument panel in black, with white designations;
has removable calibrated plastic scale. Complete with tubes. No. 84-376. Net Or/y. $99.50

Order from the Central Source

for Everything in Radio and Electronics

ALLIED RADIO CORP.

Se.td jon
ALLIED
Catalog
No.

111

833 W. Jackson Blvd., Dept. 24-A-7, Chicago 7, Illinois

and quench ring combined in a
single unit simplifies the handling
and hat treatment of parts requiring rotation during the heating
cycle and subsequent quenching in
position.

Terminal Block
CANNON

(43)

ELECTRIC DEVELOPMENT

Co., 3209 Humboldt St., Los Angeles 31, Calif. The new type Y6

terminal block for low -amperage
circuits is made of phenolic plastic,
fitted with side and foot brackets
of steel and contacts of silverplated brass. Six -contact units can
be combined vertically or horizontally. Single or six -contact plugs
can be inserted as desired. It is
completely described in Bulletin
Y6-1.

Moistureproof Speakers
time -tested Par-Metal
line presents superior features of styling, design, and
construction.Trie to policy,
Par -Metal coitinues to
specialize in Electronic
Housings exclusively... and
is therefore able to offer
leadership in value. Compare! Write for Catalogue.
The

224

UNIVERSITY

LOUDSPEAKERS, INC.,
225 Varick St., New York 14, N. Y.
The type MSR and MM-2TC loud-

speakers are submergence and explosion proof. Electrical characteristics are similar but the type MSR
has a 360-degree dispersion and is
heavier than the MM-2TC which
has 120 -degree dispersion. These
loudspeakers are suitable for use
January, 1947
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ELECTRONICS

A MIGHTY OAK
SOCKET SET SCREW

A TINY
Reg. U. S. Pat. Off.

Pat'd & Pats. Pend.

BOTH ARE TOWERS OF STRENGTH
the electronics, radio and electrical manufacturing business these tiny "Unbrako" Socket Set
their strength,
Screws are like the mighty oak
and enduring quality are lasting. Their finely
knurled cup points dig in and holds fast-regardless of the most chattering vibration. Though they
they are made with the accube ever so tiny
racy for which "Unbrako" Products are famous.
In

You can't screw
socket screws in or
hex socket
a
wrench,-so why not get our
25 or #50 "Hallowell" Hollow Handle Key Kit which contains most all hex bits.

out,

without

a..-

-

-

Knurling of Socket

"Unbrako" and "Hallowell" Products are sold entirely through distributors.
Kits: Pat. Pend.

OVER 43

YEARS

Screws originated with
""Unbrako" in 1934.

IN BUSINESS

STANDARD PRESSED STEEL CO.
.IENKINTOWN, PENNA., BOX

ELEC-RONICS

-

BRANCHES: BOSTON

CHICAGO

DETROIT

INDIANAPOLIS

ST. LOUIS

SAN FRANCISCO

225
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MSTERPRD

NEW PRODUCTS

(continued)

Meets All NAB Standards

Transcription
and Recording Equipment
The QUALITY

ALL NEW POST-WAR MODELS
MODEL

"V"

MODEL

Recording
Turntable

"M5"

Recording Mechanism

Illustrated

Illustrated

Mounted

Y

in railraod yards. in
mines, powder mills, or flour factories.
on docks,

"MASTER -PRO"
M-5 RECORDING
MECHANISM WITH CUTTER
RUGGEDNESS: Fifteen pounds of steel and
bronze, chrome plated, assures long wear
and the ability to stand up against rough

treatment.

QUALITY: The "Master -Pro" M-5 is machined
to tolerances unheard of in pre-war production.

for
Power Tetrode

(4 5)

EITEL - MCCULLOUGH,

INC.,
San
Bruno, Calif.
The new type
4X500A power tetlode is rated at
500 watts plate dissipation with op-

"MasterPro" M-5 is a universal machine
that can be readily attached not only to the
Master -Pro V Recording turntable, but to
any other make of turntable that has the
standard center pin.

The

chaser's request.

vertical rack mounting. Drilled with four
mounting holes for No. 8 screws. Centers

precision -constructed instrument, unsurpassed in quality and performance...operating in many of the leading broadcasting
stations and educational institutions.
A

1316 '

New specially constructed smooth
powerful constant speed motor.
Neoprene idlers.

"MASTER -PRO" VM -2
RECORDING LEVEL METER
Mounted in on unbreakable,
cast aluminum case, the VM -2
Recording Level Meter takes
recording out of the hands of
the expert. It enables the art
ist to watch the volume of his
recording while performing and
is readable up to 25 feet. The
possibility of overcutting
is
reduced to a minimum. Wired
to operate from the output of
an 8, 15, 200 or a 500 Ohms

amplifier.

LOngacre 3-1800

103

f
(>

/ 1`(

!
Ii);\1t(

West 43rd St., New York

Cs,

18, N. Y.

horizontal x

15,i6"

vertical.

Coils for 115 volts, 60 cycles, and 12 volts,
60 cycles, and pure silver contacts
"
diameter (rated 5 amps. 115V AC non -

SPECIFICATIONS:
14 -lb. L -ribbed cast iron chassis.
Lathe turned aluminum cast turntable.

f

Originally developed for our Vehicle Actuated Traffic Control Systems, the AC2
relay is now generally available. Fast acting, compact, built to handle up to ten
million operations a year. Clean operation
"f as many as ten sets of contacts on each
relay, with circuit closure of as little as
.010 seconds, is provided for on this
recision instrument.

All connections at rear, including coil
connections, make the AC2 well adapted to

"MASTER -PRO" MODEL -V
16" RECORDING TURNTABLE

1
fil
iAl)I0

NEW uses

Even where insulation resistance in excess
of 300 megohms is required after long
service, the AC2 relay assures it through
a method of encasing each individual
contact spring in phenolic insulation.

Standard screw cuts 120 line per inch
outside -in. Feed screws for 105 or 120 line
outside -in or inside -out, substituted at pur-

Telephone:

relay

A PROVED

eration at maximum rating up to
110 megacycles. The tube features
low grid drive, controlled grid emission, high power gain and stability.

Line Fault Finder

(46)

KENNETH W.

JARVIS, 6058 West
Fullerton St., Chicago, Ill. Two instruments with different ranges are
now available for locating faults on
power transmission lines. The location can be determined within an
accuracy of 0.1 percent within 10
minutes after connecting the unit
to a line that is open or shorted.
The principle of operation is dependent upon resonance phenomena
such that line current of the section

226

" diameter, (rated 10
inductive) and
amps.115V AC non -inductive) are standard.
Other contacts and coils can be supplied
on special order.
Overall width 1 %". Relay extends 274
forward:and %r backward from mounting
surface. Overall height 2h" from bottom
of armature to top of vertical contact
guards. This height will accommodate 4
average contact assemblies, 2 in each
pileup. Each additional contact assembly
adds approximately %" to the overall
height.
Our Engineering Department can be of
valuable assistance to you in adapting
this relay to your present products or
your new designs. Write us your problems
and requirements.

AUTOMATIC SIGNAL

East

loo Regent Street
Norwalk, Connecticut

January, 1947
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DIVISION

Eastern Industries, Incorporated

-

ELECTRONICS

From 600 to over 30,000 Volts

Modern functionally designed capacitors. Metal
ferrules are soldered to silver bands fused to each
end of heavy -walled glass tubes. This vacuum tight
Corps,
assembly is fungus -proof and passes Signal
Air Corps and Navy thermal cycle and immersion
teals.

7¢ilicauoKa
For low and medium power coupling and bypass circuits
where mica capacitors have previously been required
Television and Oscilloscope Circuits
Vibrator Buffer and Arc Elimination
Geiger Counter and Instrument Capacitors
Write for illustrated literature featuring our
complete line of Glassmike Capacitors.

* PLASTICONS:

Plastic -Film Dielectric Capacitors

Order from your jobber: If he cannot supply you, order direct

Condenser 1)roducts Company
1375 NORTH BRANCH STREET
ELECTRONICS

-

CHICAGO 22, ILLINOIS
227
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NEW PRODUCTS

/

\AppCIIORS

MICA

4000
ettiNOt{\E

1

(continued)

under test is maximum at the resonant frequency of the section. A
variable oscillator is geared in with
a recorder to indicate the distance
at which the fault lies as a function
of resonant frequency. The smaller
of the two units has a normal range
of 100 miles on open wire line and
the larger has a range of 250 miles.

Test Meter

s-xxONIetlese
-

=

CRYSTAL

«1111**-

HEATER
HOLDER

OM*

(47)

ELECTRONIC MEASUREMENTS CORP.,

114 Liberty St., New York 6, N. Y.
The Volometer Model 101 B illus-

trated is

a volt-ohm-milliammeter
with five d -c ranges up to 3,000
Cryscons are electronically
tested to insure accurately
rated minimum loss trimmers
and padders.

CN -351 series is an
efficient RF trimmer capacitor. (RF Padders in standard ranges
even to 1.5
mmf). The CN -55 series
is a dual IF padder capacitor. The latter series may
also be had with two fixed
series capacitors.
The

Performance

-

-7

Data
4,,`en

t...."--....--^^

a

p

60
AMBIENT TEMA Y.

ACTUAL TEMP

SALES REPRESENTATIVES
CHICAGO AREA:
P.

G. RIDLEY

4804 West Chicago Avenue
CHICAGO 5, ILLINOIS

volts, four a-c ranges up to 1,200
volts, three d -c ranges to 600 milliamperes, and resistance ranges up
to 20 megohms. The model shown,
most expensive of the line, is priced

r

moR

70

INSÍDE HOLDER

CURVE

62I0

CMVSTA{. AT

MG

áo
ÿ
úloo

I0

-30
AMBIENT

ACTUAL

at $24.95.

70

-t

TEMP.

FREQUENCY

CURVE

EASTERN AREA:

LEO FREED & CO.
420 Lexington Avenue
NEW YORK 17, NEW YORK
PACIFIC COAST AREA:

HARRY A. LASURE CO.
2216 West 11th Street
LOS ANGELES 6, CALIFORNIA

Early deliveries for large or
medium orders
Inquire re.
gionally or directly.

-

CRYSCON, Inc.
SUBSIDIARY OF:

CRYSTAL RESEARCH
LABORATORIES, Inc.
29 Allyn Street Hartford 3, Conn.
Telephone 7-3215

Literature
(48)
High -Frequency Melting. Ajax
Electrothermic Corp., Ajax Park,
Trenton 5, N. J. Bulletin 27 explains methods and equipment for
induction heating and melting. The
data is so presented as to facilitate
proper selection of equipment for
the job to be done.

É

Selectronic XL30

is

designed for

close frequency tolerance
.
VHF services
police, aircraft,

railway

...

.

communications,
etc.
Heater works at 6 volts,
amp.
Frequency range: 3.000 KC to
15.000 KC.
1

ENGINEERS OF

(49)
Sound Equipment.

SELECTRONIC CRYSTALS

Fairchild Cam-

era and Instrument Corp., 88-09
Van Wyck Blvd., Jamaica 1, N. Y.
A 24 -page, plastic -ring bound catalog represents the complete line of
cutter heads, pickups, studio recorders, portable recorders, and

228

CRYSTAL RESEARCH
LABORATORIES, Inc.
29

Allyn Street Hartford 3, Conn.
Telephone 7-3215
January, 1947
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Your Products Will Never
Die from "Hardening of the
Arteries" if You Wire With

The large cable illustrated to the right
is Rockbestos A. V. C. Motor Lead
and Apparatus Cable. Insulated with
asbestos and varnished cambric, and
covered with a heavy asbestos braid,
it is made in sizes 18 AWG to 1,000,000
CM., may be operated under maximum temperatures of 290° F., and is
highly resistant to oil, grease and
corru..ice fume,.

ROCKBESTOS

ROCKBESTOS THERMOSTAT CONTROL WIRE

A multi -conductor control wire for temperature
control systems, commercial gas burner safety
pilot controls, signal and intercommunications
systems. Its asbestos insulation and rugged steel
armor assure trouble -free circuits. Sizes No. 14 to
18 AWG in two to five conductors with .0145",
.045", or (.031" for 115 volt service) of felted asbestos insulation.

WIRES, CABLES AND CORDS

It's costly in money and prestige to have "cripples" coming back for repair or replacement because of wire -failures.
But you can go a long way toward eliminating this hazard by
wiring with permanently insulated Rockbestos wires, cables
and cords.
Rockbestos impregnated asbestos insulation heatproof
and fireproof
will never bake brittle, crack or flow and will
not dry out with age. Furthermore, it will withstand corrosive fumes, oil, grease and moisture.
Among the 125 different Rockbestos types, you almost are
certain to find the solutions to your wiring problems. Write
for catalog or recommendations.

ROCKBESTOS A.V.C. 600 SWITCHBOARD WIRE

(National Electrical Code Type AVB)

This wire was designed to make complicated wiring jobs permanent. The impregnated felted asbestos wall beneath the flameproofed cotton braid
is heat, flame and moisture resistant and assures
fine appearance of boards as it gives on bends to
prevent braid cracking. Sizes 18 to 4/0 AWG with
solid or stranded conductors in black, grey or
colors. Rockbestos A.V.C. Hinge and Bus Cable
have the same characteristics.
A few of the 1.25 different wires, cables and cords
developed by Rockbestos for severe or unusual operating conditions.

ROCKBESTOS PRODUCTS CORPORATION

443 Nicoll Street, New Haven, Conn.

ROCKBESTOS
The Wire
NEW YORK
ST. LOUIS

ELECTRONICS

-

-

-

with Permanent Insulation

CLEVELAND
BUFFALO
LOS ANGELES
SEATTLE

DETROIT

PITTSBURGH
CHICAGO
PORTLAND, ORE.

SAN FRANCISCO
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(continued)

NEW PRODUCTS

other gear necessary for high -precision cutting of records. There is
an interesting and well illustrated
story on details of construction.
(50)

Hermetic Terminals. Cincinnati
Electric Products Co., Carthage at
Hannaford, Cincinnati, Ohio. A
new 20 -page catalog giving complete engineering data about Fusite
terminals and HermetiCans also
contains information on the company's automatic sealer.

B ENDER

(51)

Terminals. Patton-MacGuyer Co.,
17 Virginia Ave., Providence, R. I.
Forty pages are required to describe the more than 300 entirely
different types of terminals for
electric wires that this outfit is
prepared to furnish. The latest
catalog is just off the press.

SHEAR

BRAKE

s'

DI -ACRO is Pronounced
"DIE -AC HAM"

(52)

Capacitors.
321 Eighth Avenue

Lake City, Minnesota

American Condenser

Corp., 4410 No. Ravenswood Ave.,
Chicago, Ill. Catalog A546 de-

scribes the company's complete
line of dry electrolytic and paper
dielectric capacitors.

PERFECTION

(53)

A fine-cut diamond is perfection in beauty and
formation. But to you as a transformer -user,
perfection lies in performance, day in, day
out, under the exacting conditions of your

particular application.
Finest engineering talent and most complete electronic laboratories are ready to
consult with and help you with your problemand to design and produce the transformer
that will give you perfection in performance.

Variacs. General Radio Co., Cambridge 39, Mass. New continuously
variable transformers and combinations for special or multiple phase use are described in a new
folder just issued.
(54)

Carbon Products. Speer Carbon
Co., St. Mary's Pa. Catalog 25 is
devoted primarily to brush grades,
but dry -cell battery electrodes and
filler, rheostat discs, and graphite
power tube anodes are also covered
in the 40 -odd pages.
(55)

"SPECIALIZED

ENGINEERS"

Connectors. Burndy Engineering
Co., Inc., 107 Bruckner Blvd., New
York 54, N. Y. A new 64 -page illustrated catalog is offered free to
those interested in electrical connectors for conductor sizes from
No. 22 to 2,000 Mcm. Special tools
for use with particular types of
connectors are also described.
January, 1947
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how to put your set in the

"upstairs" class ..
Four more manufacturers of phono

more desirable to own. But perhaps it would be

-

sufficient to mention that the Garrard changer has

combinations, in the

been chosen for these sets of unquestioned quality!

"upstairs" clique, are using Garrard record changers.
That, in itself, is not good enough reason for Garrard

SCOTT

FISHER

Garrard would hardly be at home in a
six -tuber. But if you're striving for something ultra
A

in your better combinations, Garrard is your changer.

With Garrard in your set, you give the dealer more
to talk about; you please the customer who is willing to stretch

a

Garrard will make your whole set easier to sell

EISEM ANN

PRECISE AS A WATCH

completely automatic mixing
true -tangent, jewelled -pivot pickup arm
exclusive non -slip spindle
automatic stop
heavy fly -wheel action built into turntable
only one operating control necessary
full swivel tone arm for changing needles
kind to fragile records; no knives or trick spindle
.

...

-

speed -regulated, governor -controlled motor

hit for technical perfection.

There are more than half-a -dozen reasons why

FREED

LONDON GRAMOPHONE.

to go into every phonograph and combination set

built.

.

they ask for it by name

.. .

GARRARD
WORLD'S FINEST AUTOMATIC RECORD CHANGER

GARRARD IS THE ONLY CHANGER THAT BACKS YOU UP WITH A COMPLETE NATIONAL ADVERTISING CAMPAIGN IN CONCERT PROGRAMS
315 BROADWAY, NEW YORK 7, N. Y.
GARRARD SALES CORPORATION
AND IN LEADING HOME FURNISHINGS PUBLICATIONS.

ELECTRONICS-January, 1947
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ALLOY

"A"

Nickel -Chromium alloy, resists oxidation at elevated
temperatures; up to 2100°
F. Also used
for fixed
non-magnetic
resistors.
Resists chemical corrosion
by many media. Specific
resistance 650 Ohms/C.M.F.

Here is the 2 pole open blade snap -action
ACRO switch that many alert electrical
engineers have been looking for. Built with the well known patented
Rolling Spring that assures positive action. Made in both single and
double throw contacts. Standard operating pressures from 3 to 5 oz.
Rating: 15 Amps, 125 Volts A.C.

ALLOY

"C"

Nominally
60% Nickel,

Movement differential-approximately 1/15" Terminals as illustrated
or at rear of switch. Variations in operating characteristics are possible
as well as a 3 pole design if needed to suit your application. Write
for print, giving us your engineering details for quick action.

15% Chromium, balance
iron. High resistance to
oxidation and corrosion.
Widely used for resistors
for radio, electronics, industial equipment and
domestic appliances. Operating temperatures up
to 1700° F. Specific resistance 675 Ohms/C.M.F.

COMPANY

ALLOY"45rr

ACRO

ELECTRIC

1316 SUPERIOR AVENUE

CLEVELAND

- Nickel
alloy with con-

Copper

14, OHIO

stant resistance over wide
range of temperatures.
Specific resistance 294
Ohms/C.M.F.; temperature coefficient 0.00002
Ohms per deg. F.; 32-212
deg. Used in winding of
precision resistors, rheo-

anywhere,

stats,

you'll

and

save time by phoning

or

wiring

KANTHAL

Newark

Exclusive manufacturers and
distributors of KANTHAL
wire, ribbon, and strip.
An alloy containing Iron,

Electric. Tremendous,
up-to-the-minute stocks

are maintained in all
three stores.

IF YOUR NEEDS in radio or
electronics parts. sets or
equipment are available
0

t)

*

f\/

*

Literature and full information
on ANY manufacturer's products
will be sent promptly on request. Wire or phone for quick
action.
Our big bargain counters are
loaded with new parts and unusual
special equipment. Inquiring
these
minds
enjoy
displays.

.
r

-j

.lr
NEWARK

COMPETENT TECHNICAL MEN
handle your inquiries intelligently
and promptly end can quote prices
and delivery dates on specific merchandise. Orders shipped same day.
When writing address Dept. R-4
MAIL ORDERS FILLED FROM EITHER

Chromium, Aluminum

...

for operating temperatures up to
Three
grades,
2462° F.
A-1, AS, DS; resistivity
812
Ohms/872, 837,
C.M.F., respectively, at
68° F.
and Cobalt

As

fine

as

.0006" for alloys

and Fine Wire Screen

NEW YORK OR CHICAGO.

CHICAGO

"-

1i1.. 1141.e

uue

Sr

ELECTRIC CDMPáNY:IIìC
N.Y.C. Stores: 115 W. 15th St. & 212 Fulton St. Offices & Warehouse: 242 W. 55th
St. N.Y. 19

DsPt.

INC.

frme
oMPY,
literature

ELECTRIC
eñáTR

v.

following:
on the

IN TUNGSTEN and OTHER METALS
AND SPECIAL ALLOYS; ALL MESHES
IN STANDARD WIDTHS, OR WIRE -

MESH PARTS FABRICATED TO

R-4
P.A. Depts. in
all stares. Set
&

Appl. Depts.
in N. Y. C.

ORDER.

Write for Catalogs.

THE C. O. JELLIFF

MFG. CORP.
123 PEQUOT ROAD,
SOUTHPORT, CONNECTICUT

NAME:
ADDRESS:

electrical

measuring devices.

WIRE CLOTH

STATE:

DIPPING BASKETS
LEKTROMESH

CITY:

January, 1947
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(continued)

NEW PRODUCTS

Summarizing a few recent developments
culminating our twenty-year background
in the factual "know how" of instrumentation used in radiation physics.

for use with particular types of
connectors are also described.
(56)

Flat Resistor Bulletin. Interna-

tional Resistance Co., 401 N. Broad
St., Philadelphia 8, Pa. A 4 -page
Bulletin C-1 gives characteristics
of the type FRW power wire wound resistors, together with information as to dimensions and
stacking.
(57)

Propagation Predictions. Superintendent of Documents, U. S. Government Printing Office, Washington 25, D. C. Prepared by the
Central Radio Propagation Laboratory, National Bureau of Standards and issued November 1946,
"Basic Radio Propagation Predictions for February 1947 Three
Months in Advance" gives present
world-wide predictions of monthly
average maximum usable frequencies for the month in question.
Starting with the July 1946 issue,
these predictions have become
available at 15¢ a copy or on a subscription basis at $1.50 a year
(send no stamps).
(58)

Contact Springs. Gibson Electric
Co., 8350 Frankstown Ave., Pittsburgh, Pa. Bulletin B-61 just issued describes their beryllium copper electrical contact springs and
contact assemblies. Electrical and
mechanical properties are included.

Model 337
- Mueller

Geiger

Counter Scale of
64. Offers a high
degree of stability and permanence with a pre-

radiation measuring
problem? Our
staff of radiation
physicists offers
you competent
Have you

a

amplifier

and
special voltage

technical infor-

regulation added

mation.

features.

Model 348
Voltage regulator
unit. A bank of
seven subminiature voltage reg-

Model 311Geiger - Mueller
Tube. Our background in fine
tube production
offers close reproducibility of
tube character-

ulator tubes

arranged in one
unit for precision

voltage regu-

istics.

lation.

An
Electronometer.
instrument which replaces electrostatic electrometers.
Input resistance 1012 Ohms.

Model

338

electronic

(59)

Sewing Machine. Union Special
Machine Co., 400 North Franklin
St., Chicago 10, Ill. Now in production is a plastic sewing machine or
sealer that operates at a speed of
12 to 15 feet a minute. It is pictured in a recent pamphlet.

This advertisement merely serves
to introduce these new instruments and tubes to you. For com-

plete information, prices and
deliveries write us and you will
receive a prompt reply.

(60)

Variable Resistors. Technology Instrument Corp., 1058 ]Main St.,
Waltham 54, Mass. Precision variable resistors are announced in an
8 -page pamphlet just released. The
standard model, type RV3, is intended for use in experimental and
laboratory gear. The laboratory
model, type RVL3 is provided with
a dial plate so as to be direct read ELECTRONICS

-

sistors of stability and accuracy

for the difficult

tion of circuit
development.

applications.

Vacuum sealed
in glass with special surface treatment. Values 100

to 10,000,000
msgobme.

Subminiature
electrometer vacuum tubes (actual
size) offer an expanding concep-

Hi-megohm re-

Available as:
THE VICTOREEN

INSTRUMENT CO.

5806 HOUGH AVENUE
CLEVELAND 3, OHIO

Diodes
Triodes
Tetrodss
Pentodes

233
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LOGARITHMIC AC VOLTMETER
-WIDE BAND AMPLIFIERAdvanced Design gives you
a

sensitivity

T'771.

and frequency

response never

before obtained.
No other Voltmeter offers all these advantages
Range .0005 to 500 volts
Linear DB scale
Frequency 5 CPS to 2.0 MC
Input 2 Megohm 15 MMF
Logarithmic voltage scale
Accuracy ±2oá
Stability ±1% 105 to 125

V.

Ideal for Audio, Supersonics, Lower Radio Frequency Spectrum.
Measures Stage Gain, RF and IF Amplifiers on Broadcast Receivers.

<Ra

Write For Complete Information

M._

Instrument Electronics
42-17A Douglaston Parkway

INTRODUCING

lpY>
.S

O

F

Douglaston, L. I., N. Y.

MICRO

BALL

BEARINGS
BRUSHES

RADIAL AND PIVOT
it

...in Smallest

dIIIP

/líli

Sizes

4

The first of their type ever made in

1144

the United States by modern methods

of precision production.
CONTACTS

Lowest prices on the industrial market

for

a first -quality product.

in BRUSHES
for high current density minimum wear low contact drop
low electrical noise
self -lubrication

BEARINGS SHOWN TWICE ACTUAL SIZE

in CONTACTS
for low resistance

non -welding

character
PIVOT BEARINGS
Complete
Details
On Request

GRAPHALLOY works where others won't!
Specify GRAPHALLOY with confidence.

RADIAL BEARINGS

SIZES -5/32" to 3/s" O.D.
(also 4mm. & 5mm.)

SIZES-%" to

RATINGS -3.4 lbs to 22 lbs.

RATINGS -24 lbs. to 36 lbs.

QUANTITY PRICES -From 16!/7c

QUANTITY PRICES-From 64c

°A special silver -impregnated graphite

O.D.

31e"

NEW HAMPSHIRE BALL BEARINGS, Inc.
5

MAIN STREET

PETERBOROUGH, NEW HAMPSHIRE

,

U

.

S

.

234
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GRAPHITE

CORPORATION
1055 NEPPERHAN AVENUE, YONKERS 3, NEW YORK
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ELECTRONICS

(continued)

NEW PRODUCTS

ing in ohms to a high degree of accuracy. Among other interesting
features is one that permits ganging these resistors in a self-supporting assembly.

E

(61)
School Sound. Radio Manufacturers Association, 1317 F St.,
N. W., Washington, D. C. School
Sound Systems provides for the
first time an authoritative guide,
agreed upon by educators and manufacturers, for the use of radio
equipment in the classroom. Single
copies of the report are available
from RMA.

f VAIIW:
Concord has them! Radio&Electronic Parts, Supplies and
Equipment of every kind, for every need ... long-awaited,
hard -to -get items ... new merchandise, just received...
Hundreds of bargains... In stock NOW for Immediate Shipment from
CHICAGO or ATLANTA. Listed below are just a few of Concord's

.IMMEDIATE

Money -Making Values in Top -Quality. Standard -Make Parts and
Equipment. CHECK these offerings now or write us your needs.

-

'SHIPMENT`

METALLIC AND NONMETALLIC

DETECTOR SET
AN/PRS-1

(62)

Embossing and Drawing. S. B.
Whistler & Sons, Inc., 748 Military
Road, Buffalo 17, N. Y.

A slick-

paper 12 -page booklet outlines the
hydrodynamic embossing and drawing process for forming metal. The
patented process and engineering
advice on its use are offered.

ALNICO V 5' P. M.

SPEAKER

New Alnico V magnet
provides maximum performance with minimum
weight. Normal wattage
5, peak wattage 41.g.
V. C. impedance 3.2 ohms.
5137009/16' $1.98

Phis convenient DETECTOR SET is a
highly sensitive, portable instrument
for the detection of buried metallic and
nonmetallic objects. Detection is possible up to depths of.5 inches. The
Detector uses a UHF transmitter operating in the 280 to 380 MC frequency
range. The presence of buried objects
in the antenna field changes the radiation resistance of the antenna which
changes the oscillator loading. These
changes are both visual and audible by
means of a meter & a speaker or headset. Buried pipes, stones, three roots,
air or water pockets. etc., are easily
detected. Nails, bullets, decay, fissures,
etc., are accurately located in timbers
and logs. The Detector Set consists of:
a detector head with antenna, reflector, and explorer rod; amplifier and water-

proof canvas carrying bag; speaker headset; spare parts; instructions; and
carrying case. Easy to operate. Light weight. Long battery life.
"'842A" Battery (1 Req) Ea.. 41e
589541(LessBatteries) $16.5
O u U C20616"B"Battery(3Req)Ea.$1.81
Your Cost

(63)

Supreme Model 5439
1000 0. P.V.

Electric Bonding Machine. Singer
Mfg. Co., 149 Broadway, New York
6, N. Y. Electric Bonding Machine
248-2 has been designed for high -

frequency bonding of thermoplastics. In general appearance it
closely resembles a modern highspeed sewing machine. At that
point the resemblance ends. Read
about it in a 6 -page booklet.
(64)

Strain Gages. Hathaway Instrument Co., Denver 10, Colo. The
type MRC-12 strain gage control
unit will drive 6 separate galvanometers in a Hathaway oscillograph
for strain recording over the frequency range 0 to 500 cycles per
second. Seven pages of details appear as Bulletin SP 177.
(65)

Television Service. Television Associates, Inc., 190 North State St.,
Chicago 1, Ill. Studio illumination,
titles, gadgets, kaleidoscopes and
various services for the telecaster
are available from this group that
strives to serve the overall needs
of television programming, transmission, and reception.
ELECTRONICS

-

A

Hi -Voltage

Condenser

large ; mfd., 4000 v.
DC. condenser, hermetically sealed in
an aluminum can.
Size 4.4 x 3 11;16

x

5'B31168$4.95

Sensitive Meter

Has pin jack terminals, and in-

3 Mfd.400 Volt

cludes the following ranges:

D.C. MILLIAMM ETERS

0/6/00/600 D. C. M. A., 0/15/150/600/3000 V. A. C.
and D.C., 0/2000/200,000 ohms. This meter is convenient to carry. Weighs 28 ozs. Uses full size 3"
meter with a rugged, accurate 1. M. A. movement.
All resistance ranges are operated by batteries

254 -inch

flange mtg.

dull finish case
-Black
Mtg. Hdwe. incl.
Either 5B4122-

furnished with the unit. Bakelite ease. Size:
57/8"x21/16"x21/8". Shpg.wI.'lbs. $8.57
C 21745

i

0-20 M.A. D.C. or

584116-0.300

".°'°. $3.23

M
Sp

SAVE ON VALUES LIKE THESE
insulated driver-metal nib,
5/16' and .1' nut wrench, '." ins.
square nut wrench, 'a"hex metal
side wrench. 7'2' ins. driver with
metal nib, '.¡"hex slotted insulated
wrench driver, 7, 16" hex ins. nut
wrench. 5' and IV ins. $Q A
driver. 566547.
L Y
.

l

A

L

,"
.

.

.

.

.

-

strands -9 copper
'
100 foot coils.
.
Each GU
7

.

.

35

L

.

Mail the Coupon Below Now!
for New Concord Bulletin of Radin Parts and Electronic Equipment. See 8 giant -size pages packed
with Radio Needs-Condensers, Meters. Controls,
Transformers, Switches, Relays, Tools, Amplifiers,
itecnrds, Players and Changers-new and scarce
NIA IL COUPON NI /W!
it. ii'-

Concord Radio Corporation
1901 W. Jackson Boulevard, Dept. G-17.
I

CAD

LAFAYETTE RADIO CORPORATION
CHICAGO

Contains
3 of monel.
5135133 .

"

.95

RADIO CORPORATION
9C,1 W.

.

-

Simple, single control, plays ten 12' or twelve 10'
records automatically. Rejects any record desired,
or permits optional playing of records manually.
Only three moving parts while changing. Fast ...
changes records in 5 seconds. Has self-starting,
70 RPM, 110 volt 60 cycle AC, heavy duty motor.
Finished in two-tone brown with attractive plastic
trim. Requires only S'.i" head room and fits any
cabinet with 12!4"x 16!6" changer area. $1
C22503. SPECIAL . . . . . . .
9.95
TUNER UNIT TU -10-B. Continuous frequency range from 10 MC. to 12.6 MC. VEO oscillator tuning section. buffer, coupling, capacitors
and choke, and buffer output matching tapped coil
and condenser. Size 10'4" In. x'
h. c $2 QC
I'F.I'.

.

AERIAL WIRE

T -17-B 200 Ohm Carbon Mike. Lightweight,
with press -to -talk button. Built-in filter to suppress
carbon hiss. 5' rubber covered cable and $Q. A 9
1'1.-00 3 -circuit plug supplied. 567062.
LL Y
Midget Volume Control I Meg. ohm Standard
a." Bushing, '4 dia. Shaft. 'í" long, with split
spline for push -or. knob. C5154 . .
STANCOR Universal Output Transformer Type
A 3856. Primary for all single or push-pull plates.
Secondary adjustable from 1 to 30 ohms. Two-inch
mounting centers. 4 watts at 35 mils. $1
.
.
.
.32
.
C1675. SPECIAL . . .

RECORD CHANGER

SI

St rips wire instantly! Fastens
to bench or other support. Wire
stripped to any length. Strips wire
up to 12MM diam. Each Calif
C15268
.
-!U
a

-6"

CRESCENT AUTOMATIC

drip. AS4132.

WIRE STRIPPER

NEUTRALIZING TOOL KIT
12 toolsTelescope into 5 units
Coin posed o alligator sine wrench

A POPULAR TUBE AT
A REAL LOW PRICE
VHF Midget Super
9003 Control RF95,
a
Pentode Tube
HEAVY DUTY LINE FILTER
Solar Eli m -O -Stet. Completely shielded. Type $i 7t1
77
EN106. 583218 Each

7

Jackson Blvd.

ATLANTA 3
265 Peachtree Street

January, 1997

I

I

I

Chicago 7, Illinois

Please rush my FREE COPY of the new Concord
Bulletin of Radio Parts.
Name

Address-

City

I

State

I
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Man, Here's Comfort

for

1200

ADVANCE ULTRA SENSITIVE* D.C. RELAYS

EARS!
2'/a TO
y225%
1/4

That's right, mister. The
Telex MONOSET replaces hot, headache -y,

5

MILLIWATT OPERATION

TO 15% DIFFERENTIAL

COVER:

Moulded Plastic, Cellulose

Acetate, Clear, Tough Single Screw

old-style headphones

wherever comfortable

hearing is needed. Worn

Coin lete with

under the chin, the

light plastic

cord and standard phone plug.

MONOSET eliminates

head and ear fatigue. So
for comfort for ears (your

own or your customers)

specify Telex MONOSET.
Immediate delivery.
Weighs only 1.3 oz. Fully adjustable to all head sizes. Rugged Tenite construction. Removable plastic
ear tips. Frequency response: 50 to

USERS: Electrical transcribing machines. Program dis-

tribution systems. Commercial aircraft operations. RR

inter-communicaticn systems. Laboratory resting
equipment. Wired music

systems. Radio station oper-

3,000 c.p.s. Maximum sound pressure output: 300 to 400 dyns per
sq. cent. Available in two impedances: 128 and 2,000 ohms.

ations. Radio "hams" and
engineers.

Write to Department H for information
and quotations.

"Hearing At Its Best"

Canadian Distributors: Addison Industries, Ltd.,Toronto

ELECTRO -ACOUSTIC DIVISION
Minneopo is, Minn.

Attachment No dust or dirt on
contacts
No accidental operation No short circuits Instant
visual inspection Low maintenance of contact adjustment
BASE: Moulded black BAKELITE
Good mechanical strength High
dielectric strength and insulation
Negligible water absorption
Compactness and fine appearance
OPERATING POWER: 5 Milliwatts for
positive operation
2 V2 Milli watts with careful adjustment and
light contact loads
MAGNETIC CIRCUIT: Armature and
pole of Nickel -Iron alloy, Hydrogen annealed for high permeability and low retentivity
High
overall sensitivity Small make break coil current differential( 25% to 15% less current to break
than to make)
ARMATURE: Counterbalanced
Prevents action of relay due to moderate vibration
Allows operation in any position

Vernier

SENSITIVITY ADJUSTMENT:

PR CRYSTALS

for AIRCRAFT
3105 KCs and
6210 KCs

Temperature coefficient less
than 2 cycles per megacycle
per degree centigrade. Calibrated within .005 per cent of
frequency. Gasket sealed, contamination and moisture free.
Octal mounting. Weighs less
than 3/4 ounce.

Type Z -I PR RADIO CRYSTALS are ideal
for conversion of military aircraft transmitters to civilian frequencies. Frequencies of
3105 and 6210 KCs. are IN STOCK AT
They meet
YOUR NEAREST JOBBER.
Precifully.
requirements
FCC and CAC
stability,
dependin
sion made for utmost
ability, high activity, trouble-free operation
and low drift. Unconditionally guaranteed.

PETERSEN RADIO COMPANY
2800

WEST

\ROADWAY -TILHHOMI 2760

COUNCIL'BLUFFS. IOWA

screw for coil spring tension on
armature Accuracy Permanent
setting, easily changed
CONTACTS: Pure Silver (palladium,
platinum or other specified materials at extra cost) Single pole,
double throw 1 ampere on 110
volt A.C., non -inductive load
Screwdriver adjustment
COIL: Standard resistance from 1
ohm to 10,000 ohms, up to 30,000
ohms at small extra cost Cellulose acetate insulation Varnish
vacuum impregnation
TERMINALS: Solder lugs and screws,
recessed on bottom of base, accessible through panel or through
knockouts on side of base
MOUNTING: Surface mounting, any
position, fastens with two No. 6
screws
SIZE: 2" x 2-9/16" x 11/2"
WEIGHT: 61/4 ounces

high

Moderate
Write for quotations and catalogs
on the Advance Type 1200 Ultra
Sensitive D. C. Relay and other
Advance Relays

PRICE:

ifdvaDce4e'/ays
ADVAN C E
ELECTRIC & RELAY CO.

1260 West 2nd Street

Los Angeles

26, Calif., U.

S. A.

Phone Michigan 9331
January, 1947
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List of

ASBESTOS COVERED

WIRE AND CABLE
MANUFACTURERS
ASBESTOS COVERED CABLE

SPECIALIZATION

American Steel & Wire Co., Rockefeller
Bldg., Cleveland, Ohio
Collyer Insulated Wire Co., 245 Roosevelt
Ave., Pawtucket, R. I.
Rockbestos Products Corp., 313 Nicoll St.,
New Haven 4, Conn.

Moldite iron cores are produced
by specialists engaged exclusively In the manufacturing of
Iron cores. A complete line of
magnetic iron cores. For use
at all frequencies including
television and FM is now
available.

ENGINEERING

It is a simple matter for
Moldite engineers to fit the
right core to your particular
coil for the best results.
Moldite engineers are thoroughly familiar with every
iron core application and will

ASBESTOS COVERED WIRE

Accurate Insulated Wire Corp., 25 Fox
St., New Haven 1, Conn.
American Steel & Wire Co., Rockefeller
Bldg., Cleveland, Ohio
Anaconda Wire & Cable Co., 25 Broadway,
New York 4, N. Y.
Austin Co., M. B., 108-116 S. Desplaines
St., Chicago 6, Ill.
Boston Insulated Wire & Cable Co., 65 Bay
St., (Dorchester), Boston 25, Mass.
Collyer Insulated Wire Co., 245 Roosevelt
Ave., Pawtucket, R. I.
Diamond Wire & Cable Co., 128 E. 16th
St., Chicago Heights, Ill.
General Cable Corp., 420 Lexington Ave.,
New York, N. Y.
General Electric Co., Appliance & Merchandise Dept., Bridgeport, Conn.
Habirshaw Cable & Wire Div., Phelps
Dodge Copper Prod. Corp., 40 Wall St.,
New York, N. Y.
Hatfield Wire & Cable Co., 487 Hillside
Ave., Hillside, N. J.
Hatheway & Co., 75 Montgomery St.,
Jersey CIty, N. J. (Sole distributors for
Clifton Conduit Co. same address)
Okonite Co., Canal St., Passaic, N. T.
Rhode Island Insulated Wire Co., Providence 7, R. I.
Rockbestos Products Co., 313 Nicoll St.,
New Haven 4, Conn.
Roebling's Sons Co., John A., Trenton 2,

be glad to assist you in determining which of these components can best satisfy your

requirements.

PRODUCTION

With our vastly expanded production facilities, we are in

the position to meet your
urgent iron core requirements.
Quality, economy and depend-

ability are assured.

SAMPLES

Moldite sample Iron cores will
be submitted for design, test
and pre -production purposes

.,....,.

upon receipt of your request.
Use Moldite material grade

s,..s.aV~

designations to insure prompt
and exact duplication of the
S p e o i f y
required cores.

"MOLDITE"
ITY."

for

"QUAL-

N. J.

Rome Cable Corp., 330 Ridge St., Rome,
N. Y.

Western Insulated Wire Co., 1151 S.
Broadway, Los Angeles 15, Cal.
Westinghouse Electric Supply Co., Box 25,
Wall St. Station, New York 5, N. Y.
(Distributors)
ASBESTOS COVERED MAGNET WIRE

American Steel & Wire Co., Rockefeller
Bldg., Cleveland, Ohio
General Cable Corp., 420 Lexington Ave.,
New York, N. Y.
General Electric Co., Appliance and Merchandise Dept., Bridgeport, Conn.
Rockbestos Products Corp., 313 Nicoll St.,
New Haven 4, Conn.
Roebling's Sons Co., John A., Trenton 2,
N. J.
Rome Cable Corp., 330 Ridge St., Rome,
N. Y.

ELECTRONICS-January,

NATIONAL
MOLDITE COMPANY
25 MONTGOMERY STRETI

HILLSIDE 5, VEW JERSEY

SALES REPRESENAIIVES
MIDDLE AT_ANTIC STATES:
Sober? A. Sylrvester - L. D. Lowc-y Co.
4C) Na. Broad St.
Ph Iodelt:,;c, Po.

2C

MIDWESTERN STATES:
Harold Kadeli
Chicago, Illinois

N. Wacker Drive

WESTERN STATES: J. J. IPerimuth Associates, 942 Maple Avenue, Los Angeles 15. California
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NEWS OF THE INDUSTRY

prepared for manufacturers and
other interested groups a preliminary proposal intended to organize
discussion and comment. Final specifications will be issued sometime
after the Dec. 31, 1946 deadline for
comments on the proposals.
The Commission proposes to assign no communication channels
within the band, intends to keep to
a minimum its rules and regulations governing the- service, and
will rely upon the 10,000-kc width
of the band to provide reasonably
interference -free operation in most
parts of the United States.
To encourage use of better -class
equipment while recognizing the relation between cost and frequency
stability, the Commission proposes
to license two types of stations:

Edited by JOHN MARKUS

Beginnings of citizens' radio; new atomic lab;
list of libraries getting OSRD reports; world
telecommunications meeting; business news
New Production Record for Radio Receiving Sets
A TOTAL PRODUCTION of 1,670,444

radio receiving sets was reported
by RMA member-companies for
October, setting an all-time high
for monthly output. Receivers with
f -m facilities likewise attained a
new high of 23,793 sets, but the output of television receivers slumped
to 827 after its record of 3,242 sets
for September. Radio -phonograph
consoles continue to rise, reaching
nearly 125,000 in October and
thereby exceeding the prewar rate
for this type of receiver. Other

October breakdown figures from
RMA are 1,128,616 for table models
(not including battery sets), 153,800 for portables, and 170,000 for
auto radios. The CPA estimate for
October is 1,800,000 sets.

t'lasa A stations-permissible frequency
Ieraur, of u.í12 percent
Class B stations-permissible frequency
loler tiee nr 11.2 p.'rrt' il, with transmitters
initially adjusted by the umuufaeturer to
operate within n:' percent of the ceuterIpnual frequtney -105 uu: subsequent deviation from this adjustment in actual service
n lilt! Iii' permitted provided the emission
i

Citizens' Radio
ESTABLISH technical requirements for equipment to be used in
the frequency band 460-470 me allocated to the Citizens' Radiocommunication Service, the FCC has
TO

ix

confined within the sub band 4112-408 me

To reduce interference encountered by those who can afford the

1946-47 RMA BOARD OF DIRECTORS

Cott.,

H

W.',+Irei

Bonf,g

ev

t4
e

6_
Nlc. petida.w

Muta.

r

k..tr.t

Herbed

A.

ö'I

Monte Cohen

!dit,,..d

ondan,lr.

W J. Barkley

George Lewis

C.. P.+.

tut

ti

G.

W.'l'non;.

G.A.rhard iryting

R. C

Sp.aguc

,e`it

Directors of Radio Manufacturers Association for 1946 and 1247. Headquarters are at 1317 F St. NW, Washington 4, D. C.
January, 1947
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At your command ... at Magnavox
All the newest production
and engineering techniques
THE history of every Magnavox electrolytic capacitor and
loud -speaker is a story of painstaking research, engineering
and development. Six acres of modern plant and equipment
and our staff of trained engineers and designers, combine with
thirty-five years of "know-how" experience to bring you the
finest quality in component parts.
As the ,oldest and largest manufacturer of loud -speakers,
Magnavox has achieved a breadth of experience equalled by no
other radio manufacturer. Magnavox engineers and designers
have all the necessary experience and equipment to meet your
specifications exactly! They stand ready to apply their developments to any of your component problems.
When you need loud -speakers, capacitors or electronic
equipment, specify Magnavox specialists in quantity production of quality components for the manufacturing trade.
The Magnavox Co., Components Division, Fort Wayne 4, Ind.

-

Electrolytic Capacitor-standardized
into 8 container sizes to simplify design

and assembly problems.

,

yi,..ri.
i..

%'%

Electrochemical Department-a capaciror Processor keeps constant watch over the
many controls in the aging room.

Ma navox
3has served the radio

SPEAKERS

CAPACITORS

industry for over 30 years

ELECTRONIC EQUIPMENT

ttc,

ELECTRONICS

-

January, 1947
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An interesting and colorful booklet on their product has been pre-

pared for your information and
convenience by the makers of Cellusuede Cotton and Rayon Flock.
Brief, clear explanations give all
the facts you'll want to know about
this versatile coating materiel; what
it is made of; how it is applied; how it can be used. In the pages
of this booklet you may find the answer to one of your manufacturing problems. You will
be interested, too, in the
colorful and unique application of Cellusuede on the
booklet cover. Write for
your copy.

DC Silicone Fluid

affords greater sensitivity
in temperature control

Photo, courtesy The Swartwout Co.

Control and other coninstruments made by The Swartwout
Company of Cleveland have been redesigned
and made even more sensitive through use
of a damping device filled with one of the
PreviDow Corning Silicone fluids (arrow).
ously no damping device was used because
conventional organic fluids are subject to
such wide changes in viscosity with temperature that they limit rather than increase the
sensitivity of these carefully engineered instruments.
The Thermo Master

trol

With the introduction by Dow Corning of
Silicone Fluids unique among liquids for
their flat viscosity -temperature slopes, low
volatility, and thermal stability, the long
standing problem of effective damping over
a wide temperature range was solved.
The Thermo Master Control is widely used
for regulating temperature in steam desuperheating involving temperatures ranging from
Ambient temperatures may
50° to 9500F.
vary from -40°F. to 1500F, Over such a wide
temperature span, only silicone fluids remain
sufficiently constant in viscosity to damp minor
oscillations of the metallic control without
lessening the sensitivity of such precision instruments.

A NAME WELL-EARNED

For more information about DC Silicone
Fluids available in several types for a wide
variety of applications including use as liquid
dielectrics and diffusion pump fluids, ask for
catalog No. N 1-3.

DOW

We designed our famous Blue Ribbon Resistor in 1939. It was
the first flat or strip resistor in the field. -Now there are others of

similar type, but our Blue Ribbon still leads the field and still
holds first place which its name signifies. It is compact, tough, and
its remarkable performance offers you far more than just higher
wattage ratings for unit space required. And our other resistors
and rheostats offer you exclusive advantages also.
H A R D W I C K, H I N D L E,

INC.

MIDLAND, MICHIGAN
Chicago Office: Builders' Building
Cleveland Office: Terminal Tower
Los Angeles Office: 634 S. Spring Street
New York Office: Empire State Building
In Canada: Fiberglas Canada, Ltd.,
Toronto
In England: Albright and Wilson. Ltd.,
London

RHEOSTATS and RESISTORS

UYY

DIVISION OF

THE

CORNING CORPORATION

winlllb

NATIONAL LOCK WASHER COMPANY

NEWARK 5, N. J.

ESTABLISHED 1886

U. S. A.

FIRST

IN

SILICONES

January, 1947
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NEWS OF THE INDUSTRY

more costly class A transmitters,
it is planned to divide the available
band as follows

eie

:

.Srkdw

me-class A stations at fixed
locations exclusively
462-468 me-class A and class B stations
468-470 me-class A stations exclusively
460-462

By

Transmitter type-approval tests

MEASUREMENTS

CORPORATION

RADIO NOISE and
FIELD STRENGTH METER

U. H. F.

Model 58
FREQUENCY RANGE: 15 to 150 mc. Pushbutton switching for rapid, accurate measurement of noise levels or field strength.

SQUARE WAVE
GENERATOR Model 71
FREQUENCY RANGE: 5 to 100,000 cycles.
WAVE SHAPE: Rise time less than 0.2 microseconds.
OUTPUT VOLTAGE: 75,50,25,15,10,5 peak
volts fixed; 0-2.5 volts continuously variable.

MANUFACTURERS

OF

Generators
Standard SIgnst
Pulse Generators
FM Signal Generators
Square Wave Generators
Voltmeters
Vacuum Tube

Catalog
on

request

14015e

URFStrengtt Metersueld
Capactry Bridges
Negrito Meters
indicators
Phase Sequence
FM Test
Televisiouand
Eq` Pn

MEASUREMENTS

CORPORATION
BOONTON

(continued)

NEW JERSEY

by the Commission would be made
to determine ability to operate
within the allocated band under all

practical service conditions, to
check maximum permissible power
input, possible presence of superfluous emissions, and width of communication band. Since existing
regulations specify that all radio
stations must use the minimum
amount of power necessary to
carry out the communication desired, highly directive or beam antennas will be permitted on the
premise that licensees will be cognizant of the statutory limitation
on power.
All conventional types of emission are proposed to be authorized
except A-5 (television), and even
that would be authorized if a satisfactory showing is made as to the
purpose to be served. It is believed
that a maximum communication
band of 0.2 mc will provide for all

useful types of emission.
Transmitting equipment shall be
inherently incapable of operating at
a power input of more than 50
watts to the anode circuit of the
tube or tubes supplying energy to
the radiating system. Either a -m
or f -m emissions would be permitted, with the percentage of modulation not exceeding 100 at any time
for a -m. Tests for frequency stability would be made under any or all
of the following test conditions:
(1) Gradual and sudden ambient temperature variations from 0 to 150 F.
(2) Barometric pressure variations corresponding to those from sea level to 12,000
feet above sea level.
(3) Relative ambient humidity from 5
to 95 percent.
(4) Atmosphere containing high saline
content such as encountered on oceans.
(5) Movement of objects in the immediate vicinity of the equipment under test.
(6) Power supply voltage variations
normally to be encountered under actual
operating conditions.
(7) Length of test periods to be equivalent to those which will be encountered
under the most severe conditions of operation for which the unit may be used.

New Atomic Power

Laboratory
THE FOURTH in a projected nationwide chain of nuclear physics re ELECTRONICS

-

January, 1947

J
lug-inType
AIR -WOUND
INDUCTORS
No other type of coil can equal B & W
AIR Inductors for all-around efficiency.
AIR WOUND Inductors are lighter,
easier to tap, wound to uniform pitch,
have exceptionally low dielectric loss
(no winding form in coil field) and are
extremely durable. There is little about
them to break if dropped. Even if bent
completely out of shape, they can easily
be repaired. B & W
types include standard, fixed and swinging link assemblies
in sizes and ratings
for almost any application. Write for
catalog.

WE'LL MATCH ANY INDUCTOR
REQUIREMENT

BARKER &

WILLIAMSON
Dept. E-17, 235 Fairfield Avenue
Upper Darby, Penna.
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9ce m
2

SPECIALIZED
PAPER
FOR

WIRE

WRAPPI1G

(continued)

search laboratories in the United
States-a $20,000,000 institution
to specialize in all phases of atomic
power development-is to be built
and operated for the government at
Schenectady, N. Y., by General
Electric Co.
The laboratory, to be designated
the Knolls Atomic Power Laboratory, will be built around an
atomic power pile of unstated size
-second such projected uranium
pile ever built primarily for creating atomic energy for peaceful applications. The other is to be at
Oak Ridge, Tenn., where the world's
first operating atomic -fueled power
plant is to be set up.
Dr. C. G.
Suits, G-E vice president and director of research, will have general supervision of the Government
laboratory and the nuclear study
program. Responsibility for the
atomic power pile has been assigned
to Dr. Kenneth H. Kingdon, G-E
physicist who was one of the early
researchers in isolating U235.

o

Libraries Get OSRD Reports
NEARLY 2.5 MILLION

copies of over

35,000 different scientific reports

A variety of treatments to meet
every wire and cable wrapping requirement
includes crepeing for
pliability; superior strength; corrosion resistance; weather proofing
and special attention to uniformity
for production winding.
Let us help you find the most
efficient and economical Electrical
Paper for your purpose
send us
your requirements.

-

-

FREE BOOK
Contains data
on

Electrical

Paper proper-

ties and

a

wide variety
of samples.

`or
QQN ORALIq©
REG. U.S.

A.

PAT. OFF.

CENTRAL PAPER COMPANY

INCORPORATED

2442 LAKESHORE DRIVE, MUSKEGON, MICH
SOSTON. NEW YORE, MLTIMOIIE ROCHESTER, CLEVELAND.
OmWES
CINCINNATI, DETROIT, CHICAGO, ST. LóuIs, SAN FRANCISCO
INS

covering declassified war research
projects of the Office of Scientific
Research and Development are now
being processed by the Library of
Congress in preparation for distribution to leading libraries throughout the country where they will be
readily available to the public. Libraries scheduled to receive the unrestricted reports are as follows:
Brown University Library, Carnegie Library of Pittsburgh, Case
School of Applied Science, Cleveland Public Library, Columbia University, Cornell University Library,
Detroit Public Library, Duke University Library, Engineering Societies Library of the United Engineering Trustees, Inc., Georgia
Institute of Technology, Harvard
University Library, Illinois Institute of Technology, Iowa State College of Agriculture and Mechanic
Arts Library, John Crerar Library
in Chicago, Johns Hopkins University, Louisiana State University,
Massachusetts Institute of Technology, New York Public Library,
Northwestern University, Ohio
State University Library, Princeton University, Purdue University

SUPREME MODEL 504B
TUBE AND SET TESTER

Any craftsman distinguishes him by the appearance of his tools
and equipment. For 19 years
SUPREME equipment has identified thousands of successful radio
service engineers. SUPREME
equipped repair shops distinguish themselves for their professional appearance, dependability, and profitable operation.

One among the complete
group of SUPREME radio testers
is the Model 5048 Tube and Set
Tester.
METER-

large 4 -inch square -face memicroampere.
SPEED- push-button operated.
FLEXIBLE- simple, yet Universal
Floating Filaments feature insures against
obsolesence.
SIMPLICITY- roll chart carries full
data for tube setting. No roaming test
ter,

500

leads when using multi-meter-only push
a

button.

-

SPECIFICATIONS

DC VOLTS

1000

Ohms per volt: 0.5.25-

100-250.500.1000-2500.

AC VOLTS

0.5.10.50.250.1000.
OUTPUT VOLTS. 0.5-l0.50.250.1000.
OHMMETER. 0.200.2000.20,000 Ohms
0.2.20 Megohms

Cond

Check:

Electrolytics checked on English reading
Scale at rated voltages of 25.50.100.200250-300.450 volts.

Battery Test:

Check dry portable

teries under load.

"A"

www.americanradiohistory.com

"B" bat.

SUPREME INSTRUMENTS CORP.
GREENWOOD. MISS.
U. S. A.
"SUPREME

BY

COMPARISON"
See

the

complete

SUPREME

line.

Write for new SUPREME catalogue
No. 446.

January, 1947
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em

FIBRE
Precision
parts to
your prints

FABRICATIONS

DOUBLE REENTRANT
PROJECTOR

of phenol and

Many sizes. From 15 in.
air column to 6 foot air
column.

vulcanized

fibre-

360 RADIAL,

PUNCHED
STAMPED
SHAVED
SAWED
DRILLED

CHANDELIER
PROJECTORS

Reentrant.

Double

For

driver units. 3 and 4
foot air column lengths.
DRIVER

UNITS

Various Power Handling

Capacities.
Newest
types of Indestructible
Phenolic Diaphragms.

MINIATURE TYPE
REENTRANT

PROJECTORS-

I

Rapid, quality production of phenol fibre
vulcanized fibre parts-either simple components or intricate shapes to close

tolerances-

MIL' CD

can be supplied to your exact specifications.
For details, write for descriptive Bulletin

TAPPED
THREADED

120

N. S BAER COMPANY
l'etaffemen GZ tiare Adtdeexiet

7-11 MONTGOMERY ST.

5

HILLSIDE N. J.

BOOSTER SPEAKERS.

High -efficiency. Weath
er -proof. Complete
with Driver Unit and

Universal Bracket.

MIDGET
1

¿

l

TYPE

CONE TYPE
PARABOLICS and
CHANDELIER RAFFLES

600

for all size cone speakers. Wooden and Metal
Cone Speaker Enclosures, Baffles, Carrying
Cases,
Loud Speaker
Support Stands
and

"Midget"
is

Brackets.

model*

especially defor
or
apparatus or
equip-

4(

.4;;;::>,

S

-

r
I

ent.ed

MICROPHONE
Solid silver contacts and stainless silver
alloy wiper arms.

SUPPORT STANDS

types and sizes. All
Fittings, Adaptors and
Accessories.
Floor
20

Stands,
Banquet
Stands.

Rotor hub pinned to shaft prevents unauthorized tampering and keeps wiper
arms in perfect adjustment.

Stands.

Desk

Stands,

Room

be furnished in any practical
impedance and db. loss per step upon

Can

Write for New Illustrated Catalog Sheets

request.

STANDARD

TECH LABS can

TYPE

700

furnish

a

unit for every

purpose,

Write for bulletin No. 431.

ATLAS SOUND
CORPORATION

i ea9
1449
39F St.,
5., Brooklyn
39th

ELECTRONICS

-

18,

1
N. Y.

Manufacturers of Precision Electrical Resistance Instruments

337 CENTRAL AVE.

January, 1947

JERSEY CITY

Z

N.J.
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I

/
/
i
N/

chassis is the basic part of
any built up unit whether it is a
transmitter, receiver, tester, or
any other piece of apparatus in
the fields of radio and electronic equipment. BUD chassis
have, for years, been characterized by Beauty, Utility and Dependability. The sturdiest construction in 16, 18 and 20 gauge
steel is found in the BUD
chassis line.
A

(continued)

Library, Stanford University Libraries, University of California
Library, University of Chicago,
University of Cincinnati Libraries,
University of Denver, University of
Illinois Library, University of Kansas Library, University of Michigan Library, University of Minnesota Library, University of
Missouri General Library, University of Nebraska Libraries, University of New Mexico Library,
University of North Carolina Library, University of Pennsylvania,
University of Rochester, University
of Texas Library, University of
Virginia, University of Washington Library, University of Wisconsin Libraries, Washington University Libraries, and Yale University
Library.
Four permanent and complete
collections of all reports have been
assembled by OSRD. One will be
sent to the National Archives, two
will be reserved for the successor
agency to OSRD, and the fourth
will eventually go to the Library of
Congress. The Army and Navy already have relatively complete sets.

PHOTO ELECTRIC
CELLS

Turn Light Into Current
Bradley's Luxtron* photocells convert light into elec-

trical current. No additional source of voltage is

required. Light -actuated
Bradley cells provide control devices that give the
longest life and need the
least maintenance.
In addition to the housed

model shown, with its

World Telecommunications
Meeting
All of the standard sizes are
found in the BUD catalog and
are now on the way to your
local distributor. See your local
distributor and ask him to show
you the complete BUD sheet
metal line of chassis, cabinets,
speaker cases, relay racks, etc.

BUD Can Supply

All Your Needs!

.

.

.

with the latest types of
equipment including: condensers, chokes, coils, insulators,
plugs, jacks, switches, dials,
test leads, jewel lights, and a
complete line of ultra -modern
.

.

.

cabinets and chassis.

CLEVELAND 3, OHIO

AT THE Moscow Telecommunica-

tions

Conference in September
1945, informal preliminary discussions by the five represented powers United
States,
U.S.S.R.,
United Kingdom, France, and China
-set the stage for a World Telecommunications Meeting beginning
July 1, 1947. At that time the
Telecommunications Convention of
Madrid will be revised to provide
for an entirely new structure of
the International Telecommunications Union. It was agreed that
the ITU should be affiliated with
the United Nations Organization
as a specialized agency.
Unanimous agreement was also
achieved on a plan for setting up a
Central Frequency Registration
Board comprising five impartial
and competent radio engineers, who
would examine applications for new
frequencies and determine whether
the proposed station would cause
interference with existing stations
anywhere in the world. If it did not,

-

plug-in contacts, Bradley
also offers tube socket, nut and -bolt types and pigtail
contact mountings.
The shapes of Luxtron
photocells vary from circles
to squares, with every in-

between shape desired.

Their sizes range from very
small to the largest required.
'T.

M. Reg. U. S.

Illustrated literature,
available on request,
shows more models of

Bradley photocells, plus
a line of copper oxide
and selenium rectifiers.
Write for "The Bradley
Line."

BRADLEY
LABORATORIES,
82 Meadow St.

www.americanradiohistory.com

INC.

New Haven 10, Conn.

January, 1947

244

Pat. Oß.

-

ELECTRONICS

SPECHI SOLDERING GUN
ADVANTAGES
TIP STAYS TINNED

SEE

WHERE

YOU SOLDER

SOLDER AROUND

Service and maintenance men
can save time by the fast heating of the Soldering Gun. By use
of the new induction principle, 5 second
soldering heat is supplied from a light weight

built-in transformer.
The loop type tip gives you ocher advantages that are important in soldering. Good balance with weight close to
your hand makes it easier to use. The narrow tip gets in
between a lot of wiring with ease.- Connections can be
made without burning insulation. The tip can be formed
readily to work in tight places.
See your radio parts distributor for a demonstration, or
write direct for descriptive bulletin.

*
*
*
*
*
*

115 Volts
60 Cycles
Intermittent Operation With Trigger Switch
Can't Overheat or Burn Out
Impact Resisting Case
Handle Stays Cool
Good Balance-Weight Close To Hand

100 Watts

CORNERS

806 PACKER STREET

WELLER MFG. CO. Easton, Pa.
Up to four lattice -type coils of like specifications are produced at the same time on the
No. 84 Universal Coil Winding Machine.
Two machines can often be assigned to a
single operator.
The higher rate of production
plus
other advantages listed below
makes the
No. 84 ideal for a great variety of cross wound coils.
ACCURACY. Quickly-adjustable"gainer"
mechanism accurately places wire turns
(spaced or close -wound). "Veeder" Pre-

...

-

Universal Winding

Co., P. O. Box 1605,
Providence 1, R. I.

For Winding Coils
in Quantity Automatically,
.

UNIVERSAL

WINDING MACHINES
ELECTRONICS

-January,

VOLTMETERS FOR

...

Determining Counter.
CONVENIENCE. Strap -type tensions
facilitate handling. In-built calibration.
Quick-adjusting wire guide holders.
PRODUCTION. Winding speed, 400-750
rpm. Wires as fine as No. 46 unrolled without breakage.
DURABILITY. Many No. 84 machines
now operating have
been in service 20 years
or longer.
Write for Bulletin 84.

Accurately- Use ..

Export Dept.-25 Warren Street, New York 7, N. Y.
In Canada-Atlas Radio Corp., Ltd 569 King Street N. W., Toronto, Ont.

EVERY RF NEED...
Permanent accuracy, high stability and impedance input! You get all three with each
of these three voltmeters.
Suitable for
laboratory, test bench or production line)
Each has a frequency and voltage range
adaptable to your particular needs
sturdy construction; easy -to -read meter scales'

STANDARD ELECTRONIC VOLTMETER MODEL VM -27A
RANGE: 0.1 to

100 volts in five ranges a -c
10 and 100 volts full scale.)
percent of full scale on all
ranges. on sinusoidal voltages.
CALIBRATION: Calibrated to read 0.707 of
peak on a -c voltage, hence r.m.s. of a sinu-

and d -c. (1, 3.

ACCURACY:

2

soidal vave.
FREQUENCY RANGE: 2 cycles to over 100
megacycles with full accuracy from 50 cycles
to 50 megacycles.
INPUT IMPEDANCE: d -c input 7 megohms,
a -c input 4 megohms at audio frequencies
and at radio frequencies equivalent to a
capacity of 5 micro-microfarads having a
Dower factor of 0.5 percent.
POWER SUPPLY: 105 to 125 volts 50-60
cycles at 30 watts.
TUBES: one 6116 in probe, two matched
6J5GT and one 6X5GT rectifier.
DIMENSIONS: 8x8x8, probe 2 inches diameter by.4-inches long.
WEIGHT: 11 lbs. less probe.
PRICE: $150.00 net, F.O.B. Flushing, N. Y.
MODEL VM-27-ZC
Same as Model VM -27A, but with means for
setting meter to mid -scale on d -c.
PRICE: $155.00 net, F.O.B. Flushing, N. Y.
WROTE FOR DESCRIPTIVE BULLETINS

ALFRED

W.

HIGH FREQUENCY ELECTRONIC
VOLTMETER MODEL 32
RANGE: 0.3 to 300 volts r -f in five ranges (3,
10, 30, 100 and 300 volts full scale).
ACCURACY: 5 per cent of full scale on all
ranges, on sinusoidal voltages.
FREQUENCY RANGE: 500 kilocycle& to 500
megacy j es.
INPUT IMPEDANCE: 0.5 to
micro -micro farad at a Q of about 200.
POWER SUPPLY: 115 volts 60 cycles at 30
watts.
TUBES: One 13AL5 in probe, two matched
6J5GT and one 6x5GT rectifier.
DIMENSIONS: 53x9'/ x93.
1

WEIGHT: 8 lbs.
PRICE: $99.50 F.O.B. Flushing, N. Y. (net)
HIGH VOLTAGE ELECTRONIC
VOLTMETER MODEL 31

RANGE:

10 to 10.000 volts r -f in five ranges
100, 300, 1000, 3000 and 10.000 volts full

scale).
ACCURACY:

5 percent of full scale on all
ranges, on sinusoidal voltages.
FREQUENCY RANGE: 100 kilocycles to 100

megacycles.

INPUT IMPEDANCE: Approximately 1 micromicrofarad at a Q of over 500.
POWER SUPPLY: 115 volts 60 cycles at 30
watts.

TUBES: One 8AL5 in prole, two matched
6J5GT and one 6X5GT re iller.
DIMENSIONS: 5%x936x93¢.
WEIGHT: 8 lbs .
PRICE: $99.50 net, F.O.B. Flushing, N. Y.

BARBER LABORATORIES

1947

*

34-06 FRANCIS LEWIS

FLUSHING

N

W

YORK
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Resistor Failure Needn't
Mean a Ruined Assembly!

the frequency would, be registered
and thereafter protected from interference. If interference was
likely the -board would return the
application and suggest selection
of some other frequency. The
board would have no authority to
enforce its recommendations, how-

441

IN

INDICATOR LIGHTS

ever.
The

The RESISTOR
is DETACHABLE!

Moscow Conference also
agreed that there shall be called in
the fall of 1947 a World High Frequency Broadcasting Conference to
assign frequencies to short-wave
stations all over the world and to
establish an organization for facilitating interchange of broadcast
programs between countries.

Gothard Indicator Lights feature deassuring you
tachable resistors
longest possible assembly life! This
eliminates wasteful need for replacing entire Indicator assembly because of a bad resistor. Here-you
simply replace the resistor-and your
Gothard Indicator Light is saved for
indefinite use. Model No. 1143 has
200,000 ohm detachable resistor for
dimmer glow and Model 1144 Assembly is furnished with 100,000
ohm detachable resistor for bright
glow. For full information on the
complete Gothard Line, write for
Catalog-today!

...

1947 Parts Show
DATES FOR THE

MANUFACTURING COMPANY
2114

Clear Lake Avenue, Springfield, Ill.

Export Division:
25 WARREN STREET

Models No. 1143

& 1144 with resistor
for neon lamp NE51.

(Model 1142-

NEW YORK

(continued)

7,

N. Y.

resistor-tor

no

Mazda

Lamps.)

e
For dependable service

in communications

IN -RES -CO resistors are conservatively rated, compact,
convenient to mount. They are available for quick

delivery

on short notice. Standard tolerances are 1 or
closer tolerances are supplied on order. Most
units are wire wound for permanent, exact resistance
value. Inductive and non -inductive types included.
Every component engineered for maximum stability,
long life and noise -free operation. Write today for the
informative IN -RES -CO catalogue-no obligation.

2%;

o
no

electronic equipment

show in Chicago, sponsored by
Radio Parts and Electronic Equipment Shows, Inc., have been set for
May 13 to 16 inclusive in 1947. Organization and sales meetings will
be held May 11 and 12, with the
keynote dinner for the entire industry scheduled for 7:00 p.m. on
Monday May 12. The Exhibition
Hall will open at 10:00 a.m. May 13
and remain open through May 16.
Attendance will be confined to
members of sponsoring manufacturers, their booth attendants, their
sales representatives, and distributors, except that Friday May 16 is
Open House Day during which
radio servicemen, amateurs, engineers, and the general public will
be admitted without registration.

MEETINGS TO COME
JAN. 23-26; SOCIETY OF THE PLAS-

TYPES SB AND RB compact, accurate resistors.
SB:
1/16" long, max. res. 1 Meg. RB: 0/16"
long, moo. res. 0.5 Meg. Both 9/16" diem.
1

INDUSTRY; technical papers
and exhibit; Edgewater Beach
Hotel, Chicago.

TICS

Standard tolerance 0.5%.

JAN. 27-31; ELECTRICAL ENGINEERING EXPOSITION; held concurrently
with AIEE winter convention; 71st
Regiment Armory, New York City.

JAN. 27-31; INTERNATIONAL HEATING AND VENTILATING EXPOSITION ;

Lakeside Hall, Cleveland, Ohio.
INRESCO

1036 COMMERCE AVENUE
246

UNION

NEW JERSEY

3-6; IRE WINTER MEETING;
Hotel Commodore, New York City,

MARCH

January, 1947
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RIVNUT LICKS TOUGH
FASTENING PROBLEMS

-

FP

HQ

-

Nut Plate

= High Quality

is the LAFAYETTÉ

(section)

hensive selection of parrs and equipment in
the country. Write today for your free copy
144 -pope 25th

...

Anniversary Catalog.

a

USE AS A
BLIND RIVET

FREE! 40 -page book,
"Rivnut Data"

RADIO WIRE TELEVISION INC.

FOR RADIO & ELECTRONIC

EQUIPMENT
loo

SIXTH AVE.,

110 FEDERAL

NEW YORK

ST.,

Both!

Goodrich Rivnuts have outstanding
advantages. You can fasten with them
: you can fasten to them. Yet they're
light, low-cost, simple to install .. .
and ready for use as received!
Rivnuts are available in aluminum,
and now STEEL! Also a
brass
splined Rivnut for use in wood and plastics. Wide ranges of types, sizes, grips.

Lafayette. Our stocks offer the most compre-

of our new

.... or

Unique among blind fasteners, B. F.

INTERNALLY
THREADED

formula. Whether
you're looking for precision instruments or
for a crystal kit, you're sure to fund it at

this

Use as Blind Rivet, as

RIVET

Service
Fair Prices

S

ESimple, one-piece.

TUBULAR

where

ALL THE FACTS at your

fingertips. How to install,
uses,

13

,

BOSTON 10

USE AS NUT PLATE

FOR

24 CENTRAL AVE., NEWARK 2

ATTACHMENT

strength figures,

types, grip ranges, wei hts,

tools. Write to The B. F.
Goodrich Company, Dept.
P.17, Akron, Ohio.

New! PRESSU REG RAPH
LINEAR PRESSURE

- TIME

CURVE INDICATOR

Indicates in linear response,
on screen of
cathode ray os-

STEATITE

CERAMIC
Properties and Characteristics of Our
LAVITE Si -5 Steatite Ceramic Body
96,000 lbs. per square inch
7,200 lbs. per square inch
Tensile Strength
Flexural Strength
10,500 lbs. per square inch
Modulus of Rupture
20,000 lbs. per square inch
Dielectric Strength
23S volts per mil
Dielectric Constant
6 42
Frequency f
Loss Factor
2 90
1 megacycle
Power Factor
446
B ulk Specific Gravity
2 684%
Density (from above gravity).. .0.096 lbs. per cubic inch
H ardness (Mohr scale)
Softening temperature
2 35;14
Linear Coefficient of Expansion
8 13x10-6
Moi
Absorption (ASTIR 15-116.42-A)
O 009%
Compressive Strength

Design engineers and manufacturers in the radio,
electrical and electronic fields are finding in
LAVITE the precise qualities called for in their
specifications
high compressive and dielectric
strength, low moisture absorption and resistance
to rot fumes, acids, and high heat. The exceedingly low loss -factor of LAVITE plus its excellent
workability makes it ideal for all high frequency
applications.
We will gladly supply samples for testing.

...

D. M. STEWARD MFG. COMPANY
Main Office 8 Works: Chattanooga, Tenn.
Los Angeles
Needham, Moss.
Chicago

ELECTRONICS

-

cillograph,
the
pressure - time curve of any internal combus-

tion engine,

pump, airline, or
other
pressure
system where
pressure measurements are desired. Covers wide range of engine speeds and pressures up to
10,000 p.s.i. Screws into cylinder and can be calibrated using
static pressures. Vibration -proof. Accurate, dependable for frequent engine tuning. Simple operation only one control.
Also Pioneer Manufacturers of

-

THE

FAMOUS% BATTERY ELIMINATORS
- - anywhere
battery drain.

complete line
Models for use
beyond high line connections
(operate from 6 volt battery)
Others for operation from 110 volt AC. Improve
radio reception. Greatly reduce
For complete information write
A

ELECTRO PRODUCTS LABORATORIES
549 W. Randolph St., Chicago 6. III.

January, 1947

Phone STate 7444
247
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MOLDED

RESISTOR
Noiseless in operation
Strong and durable
Good performance in all
climates

TYPE 65X
Actual Size
available
Other types avalues
in the lower

GIVES

BULLETIN

full

RESISTOR

For thirty-five
years we have

been leaders,
specializing in

the creation and
production of
distinctive etched
and lithographed products.

STANDARD RANGE
4

1000 ohms to 10 megohms
NOISE TESTED

D

DETAILS

We serve the
leaders of many
industries, meet-

At slight additional cost, resistors in the
Standard Range are supplied with each
resistor noise tested to the following stand
ard: "For the complete audio frequency
range, resistor shall have less noise than
corresponds to a change of resistance of
part in 1,000,000."

of the different
illustrations
Resistors
Molded
It shows
of S. S. Whiteabout construction,
details
with Price
and gives
etc. A copy,
Write
on request
dimensions, ma
be moiled
List will
for Vr-todoy.

ing their high

standards

1

HIGH VALUES
15

THE S. S. WHITE DENTAL MFG. CO.
DEPT. R, 10 'LAST
rlllllsll lMAnf

for
pamphlet

to 1,000,000 megohms

S.f.WH/Tf INDUSTRIAL

IIIJ'

DIVISION

40th

ST., NEW YORK 14, N.
AIICIArI ACCl/10111/
SHAFT toots
100l/
IJI(,AI JOIMUSA IU/Ill/
OI,MD,MO

ricvet

CUnIMY AND

MOUND

ICLltOö

JYS1K

glaAlna

ate "fi tQsscFlteeQ4 .4,4,474

EAGLE
TIMERS
for Controlling
Industrial Processes

2103 FORTY
LONG ISLAND

MOSOSMe

COMPANY

AVENUE

FOURTH
YORE
CITY NEW

9KdK4ót(ßl GeltlJtt6XhOC4

REPEAT CYCLE
Use where ON-OFF
operation is continuously repeated. The
ON time and OFF
time are each adjustable on the dial. (FLExOPULSE)

COUNTER
Use for limiting

MICROMETER
DIAL
Provides exceptional
timing accuracy where
a circuit is to close or
open with a time
delay. Timing adjustable over wide range.

a process to

operations. The
counter contact
opens sifter 1 to
400 electrical impulses as selected
on dial. Automatic spring reset.
(iti CROFLEX
COUNTER)

To reduce costs and improve quality of your
products by automatic
TIME - COUNT control
* write for catalogue Bal. 291

MULTIPLE CIRCUIT

-ADJUSTABLE
Use where several circuits are
to close in a predetermined sequence. Time of closing and
opening each circuit is adjustable. (MULTIFLEX TIMER)

* Send details of your control
problems to Eagle for rec-

ommendations

* Consult Eagle representatives in principle cities

C

ARGON

:u1

exact number of

(MICROFt.EX TINIER)

EI

COMIIASI MAIMS

"

METAL ETCHING

Ill./\l

SMALL

of

quality and precision workmanship.
new
Send

LE

MOLINE

ILLINOIS

HELIUM
KRYPTON

NEON
XENON
and Standard or Special

MIXTURES
rare gases are spectroscopically
helium, neon, and standard
mixtures are available in one- and two liter glass bulbs and in cylinders; xenon
and krypton are available in liter and
fractional -liter bulbs.
LINDE

pure-argon,

The word

"Linde"

THE LINDE AIR

is a

trade -mark of

PRODUCTS COMPANY

Unit of Union Carbide and Carbon Corporation

30 East 42nd St.

Itlek

New York 17, N.

January, 1947
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with Radio Engineering Show at
Grand Central Palace.
MARCH 22-27; WESTERN
CONGRESS AND EXPOSITION;
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MARCH 31 -APRIL 2; MIDWEST POWER
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. . . world's
leading and largest manufacturer
of air -column horns, speakers and driving units has won
the position of Leadership through advanced engineering
design, precision workmanship and use of the finest materials available.

RACON

one roof in its new plant in Evanston, Illinois.

Chicago, was

awarded a Certificate of Appreciation by the War Department
for its contributions to design
and production of radio and
radar equipment for the Army during World War II. The presentation was made to P. V. Galvin by
Brigadier General C. H. Arnold and
Major General H. C. Ingles. Motorola produced 341,529 units of
ground forces radio equipment, 18,261 units of radar and beacon equipment, and over 35,000,000 piezoelectric crystal units.
Kansas City,
Kansas has transferred radiotelephone production to a wholly owned
subsidiary, The Aireon Radiotelephone Mfg. Co., which will move
its entire operations shortly to a
leased plant in the East. William
A. Hahn of Baltimore, Md., president of Railway Radiotelephone and

For maximum efficiency and high-fidelity "true -tone" reproduction even at full output ... for most dependable service
even under most rugged operating conditions . . . for
economy of basic cost and lowest upkeep RACON has just
what you are looking for.
Send

for New

Free Catalog

-January,

All weather construction and Stormproof Material
makes BACON speakers impervious to any cli-

matic condition. Our Acoustic Material prevents
resonant effects. Our driving un;ts afford 60 watt
peak and 30 watt continuous output at lowest watt
of energy input.
Our Free Catalog Describes

AIREON MFG. CORP.,

ELECTRONICS

concervaYIIII

or Sound Installation

New Sentinel plant in Evanston

GALVIN MFG. CORP.,
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Oakland
Civic Auditorium, Oakland, Cali-

SENTINEL RADIO CORPORATION
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Units

Alnico PM Units
Armoured Projectors

Standard

Demountable Horns
Radial Horns
Cellular Horns

Reentrant Trumpets
High-Frcy_ency Tweeters
Speaker Accessories

PM

Straight Trumpets

ELECTRIC CO., INC.

52 E. 19th St., New York 3, N. Y.
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AGAIN

(continued)

Signals, Inc., will act as general
manager.
RCA VICTOR DIVISION, Camden, N.
J. has formed a large engineering
group headed by Dr. Douglas Ewing
to develop Teleran, a new air navi-

and

AGAIN
It Said:

We Hear

NEWS OF THE INDUSTRY

gation system combining television
with radar.
FARNSWORTH TELEVISION & RADIO
CORP., Fort Wayne, Ind., recently

THERMOSTATIC

staged an operational demonstration of railroad radio in the Dallas
yards of Texas & Pacific Railway
Co. Two-way communication was
provided on three locomotives and
three offices, using f -m equipment
operating in the 152-162 me band.
R. C. POWELL

Mr.

H. B. K.

of Long Branch, N. J.
says,

"I am employed as a
radio mechanic at the
Signal Corps Laboratories at Fort Monmouth. In my work I
have many times used
Kwikheat Soldering

Irons. I had never
seen, nor heard of
your irons until I
came here, but I
am certainly convinced that they are
the best irons that can be
obtained. They (Kwikheats) are a real pleasure to work with."
Letter on file at our office
Check These Many

KWIKHEAT Features...
Thermostatic Control

SIX
TIP

Heats in 90 seconds

light weight (13h ors./

STYLES

Cool, protecting handle

,

Six interchangeable tips

Tips need less dressing
Power cost reduced

225 -Watt List $11.00
450 -Watt List $14.50

.3Z:

s

sWe
THI MO1TATIC

fOLDERIMG IRON

A

Division of

Sound Equipment Coporation of California
3903 San Fernando Rd., Glendale 4, Calif.

& CO., INC., 57 William St., New York, N. Y. has been
organized for the development and
marketing of electromechanical
products.

OPERADIO MFG. Co.,

St. Charles, Illinois, now has branch plants operating in Dundee, Quincy, and Joliet,
Illinois in addition to its two St.

Charles plants. Decentralization
was necessitated by shortages of
both manpower and plant facilities
in the immediate area.
SOUTHERN CALIFORNIA WATER AND
TELEPHONE CO. has started con-

struction of a new building atop
Mount Wilson, overlooking Hollywood, California, to provide communication service for the television and f -m broadcast stations now
locating on this advantageous
mountaintop site. Beaming of television programs from Hollywood to
the transmitters will be achieved
with microwave equipment using
the new shielded lens antenna developed by Bell Telephone Laboratories. Cable facilities are also to,
be provided for television.
FMBI, an organization of f -m
broadcasters, was formally dissolved at the NAB Convention in
Chicago Oct. 21. Organizational
meetings for a new group to be
known as Frequency Modulation
Association have already been held.
AND NBC are providing television service in the press quarters
for the United Nations General Assembly at Flushing Meadows, New
York, for the convenience of newspapermen. NBC television camera -

RCA

250

SIGMA
SENSITIVE RELAYS
have

proven

themselves

Temperature Control
V VacuumTube Circuits
VFire and Burglar
Alarms
Telephone Dialing

0 Aircraft
.V

...

Controls

High Speed Keying
and many others.

S
SIGMA!
SIGMA'S specialty is the combination of a fine relay and an
unusually thorough approach to
your specific application problem.
SIGMA standard relays are
available with various enclosures
including fixed mountings, 5 -pin,
and octal male plug bases.
New relays are being developed for special purposes. Send
your requirements to SIGMA for
dependable relay recommendations.

sIGr1A

Sigma Instruments,

INC.

BELAYS
62 Ceylon St., Boston 21, Mass.
-

January, 1947
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in

countless applications:

-

ELECTRONICS

-LIMITED QUANTITY
FIELD TELEPHONE

$47

TYPE EE 8B

PER

UNIT

Field Communication Problems?

Specially Designed To Meet Your Needs

Can you use reliable
communication up to
five miles and over?
These sets, brand new
and modern, were designed to guarantee
that range according to
Signal Corps Specs.
Complete ringing and
in
circuits,
talking
and
fungus
water
proofed carrying case.
Two of the above units
will provide you with
a complete private telephone system. Made by
foremost mfgr.

HI VOLTAGE KIT

$14.

2500 VDC up to 50 MA
Contains following list of three (3) hermetically
sealed components, made by outstanding mfgrs.

Items may be purchased individually.
1 ea.-Trans.
Pri.-115 V 80 V, Sec 3000 V-50
MA

1
1

$7.50
6.3 V &
$3.80
ea. Condenser, oil 3 sec -.2 mid ea 4000 VDCW
$4.60

ea.-Trans. Pri.-115 V
2.5-@ 3 amps Ili-insul.

S.P.ST
DPDT
DPDT

60

V, Sec.

RELAYS
60 amp cont. 28VDC Coll
5
5

$3.60
amp cont. 5K -DC Coil Ceram. Insul $3.20
amp cont. 110 VAC Coil 3'44"x4" base $2.80

has
Westfield
For years in customspecialized
leading
made nuts for

manufacturers.

to
Conforming rigidly
they are
spzcifications,
and
more dependable ecomore
frequently
us on
Consult
nomical.
post-war
present or or wire.
Write
needs.

W

CONDENSERS
.

1-1-1 mid 1200 DCWV oil
$1.40
$1.15
1 mfd 1500 DCWV oil
2 mfd 1500 DCWV oll (Socket hole mtg)
$1.80
2 mfd 2000 DCWV oil
$2.25
2.9 mfd 660 VAC oil
$1 09
I/90 HP Reversible
$340
Approx.
Motors 28
V.D.C. Bendix #E11500 -I
ALL MERCHANDISE FULLY GUARANTEED
Remit 20%-Balance C.O.D.
F.O.B. N.Y.C.

EgTF1El. MOM.
iNc.

PRODUCTS
WWESTFIELD,

C0

MASS.

-

KELVIN ELECTRONICS
74 Cortland+ St.

New York 7, N. Y.

RAWSON
MULTIMETERS

d
BETTER Electronic
It
when
TciR
Comp
15

Metal -Contained
Oil -Filled with

-

Neoprene Bakelite
Seals

VASTLY SUPERIOR TO

ORDINARY CARDBOARD
TUBULARS

Now-wüth the increasing multitude of

electronic applications, exacting the
utmost in dependability, make sure with
Potter Quality. Light, durable, spacesaving-the highest achievement in capacitor material design and construction, for
today's precision requirements in elecoil -filled
tronics. Aluminum -contained
-neoprene bakelite seals. Durable.
Space -saving. Far surpassing cardboard
tubulars in every point.

-

Types 501A. 5018, 50IC
Accuracy y, of 1%

Readings from 2 microamperes to 1
ampere on 5 ranges, and 20 microvolts
to 1000 volts on 9 ranges.
The word MULTIMETER is our copyrighted trade mark.
Write for bulletins
We can also supply
Single range meters and other combinations of ranges
THERMAL MULTIMETERS for A. C.
ELECTROSTATIC VOLTMETERS
FLUXMETERS

Here's Evidence! Remarkable Record of Potter Acceptance
Under the most rigid Signal Corps inspection-under conditions of the most intense humidity, acceptance of POTTER
CAPACITORS ran 999/10 percent. Potter Capacitors have been specified for
many types of Army, Navy, and C.A.C.
In

equipment.
Assure your product the constant, high
fidelity reproduction of Potter Capacitors
performance alto your specifications
ways faithful to the ideal, under any and
every condition of operation.

-

ratings up to 2,500 volts ask for full details. Get all the facts on Potter
PROMPT DELIVERY. Wire or Write.

superiorities-and compare!

Special apparatus built to order

RAWSON ELECTRICAL
INSTRUMENT COMPANY
111

POTTER ST.

Chicago

CAMBRIDGE, MASS.

Representatives

Los

Angeles

New York City

THE

POTTER

COMPANY

ESTABLISHED 1925
1952 SHERIDAN ROAD, NORTH CHICAGO, ILLINOIS
preferred by leading manufacturers of electronic equipment
251
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NEWS OF THE INDUSTRY

Now in full production on

ELECTROLYTIC

men will operate the pickup equipment at the sessions. Without the
television receivers, many of the reporters would be without direct contact with the action in the cham-

bers.
GENERAL ELECTRIC CO.,

CAPACITORS

(continued;t

Syracuse,.

N. Y., is placing in operation

eight

mobile radio laboratories, each a.

better-faster

to serve you

Our new plant has been specially designed for the manufacture of Electrolytic Capacitors. Newest production
techniques, closer, more rigid control, air conditioning for
better quality and employee working conditions and finest
materials
. all are features which insure you of the
highest product standards.
Illinois' Capacitors have been used by leading concerns
of the nation for over 12 years. They have an unsurpassed
reputation for lightweight, compact construction combined
with ruggedness for long life.

Your copy of our latest catalog is
ready for you. Write for it today.

ILLINOIS CONDENSER

gr-

ItoGíifr so`I: "PRECIS I ON"

* No

"Wow" or

vibration
whether i t' s

CO.

CHICAGO 22, ILL.

1616 NORTH THROOP STREET

Turntables

Now Available

re-

BALTH. VAN DER POL, director of
fundamental radio research for the.
Philips laboratories at Eindhoven,_
Holland, and president of the technical commission for the recently
founded International Broadcasting
Organization, conferred with scientists in the United States. On,
Nov. 13 he addressed the Cruft Laboratory staff of Harvard University
on "The Fundamental Principles of
Frequency Modulation".

fool-

proof lever
shift from 78
to 33% R.P.M.

-

.

* New

-

PERSONNEL

cently resigned as director of en-gineering for NAB, has been appointed chief facilities engineer
for the American Broadcasting Co.,.
succeeding Ben Adler.

ing.

micrometer speed adjustment and
patented planetary ball bear i n g transmission.

trailer equipped with testing and
repair facilities for radio communication services and field strength
measuring equipment for determining proper locations of transmitters.

JAMES L. MIDDLEBROOKS, who

Brahms, boogie or voice.
* "Right angle"
belt drive and
patented "seismic" sub base
motor mount-

* Instant,

One of G -E's mobile radio communication,
laboratories now on the road

Console $90

Chassis $295

Duplex Console $150

--'LABORATORIES

35 SO. NINTH ST. PHILADELPHIA

7

PA.

ALFRED T. JOHNS has been namedproduction manager of the Home
Radio Division of Lear, Inc., Grand
Rapids, Michigan.

ESTERLY CHASE PAGE leaves MBS
Jan. 1 to return to private practice
as broadcast consultant in Washington, with Earl Miner Johnson
January, 1947-ELECTRONICS.
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C1tiwS11941
RADIO ENGINEERING SHOW

magnetic

to be at
GRAND CENTRAL PALACE

March 3-6

iron

NOT at the 34th Street Armory. We

powders

outgrew that place and were lucky
enough to get space at Grand Central
the biggest exhibition hall
Palace
in New York, for the biggest radio
engineering show in history!
Admission to Grand Central Palace and all lectures free to members of The Institute of Radio
Engineers, $3.00 registration for nonmembers.
Have you made your plans yet to
attend the show?

...

Uniformly high magnetic performance, exceptional Q and
high permeability of the wide variety of Mepham magnetic
iron powders (hydrogen reduced) suggest their use for high frequency cores, core material, tele -communication and
magnetic applications. Production is strictly controlled -Consult the Mepham Techprices are attractively low

(Incidentally, better make hotel
reservations well in adrance!)

...

Wm. C. Copp, Exhibits Manager

THE INSTITUTE OF

nical

RADIO ENGINEERS
1

E.

79TH ST., N. Y. 21

Staff-send for literature.

G. S.

Circle 6-6357

MEPHAM CORPORATION
East St. Louis,

Established 1902

JONES SHIELDED, TYPE
PLUGS and SOCKETS
Low loss Plugs and

Sockets suitable for
high frequency circuits. Ideal for an-

A

fi'ENf/aN

MA

Illinois

TA RC

DI

BUTORSadd

SUPERHETERODYNE PERMEABILITY
TUNERS

tenna connections,
photo -cell work, mi-

535 to 1660

crophone connections, etc. Supplied
in 1 and 2 contact
types. The single

P -101-1/4r"

contact type can
be furnished with
1/4"..290" ic5-rr, 3/8",
or 1/2" ferrule for
cable entrance.
Knurled nut securely
fastens units together.
S-101
All metal parts are of
brass suitably plated to meet Navy specifications. No. 101 Series Plugs have ceramic
insulation and Sockets have XXX Bakelite.
For complete listing and information write
today for your copy of catalog No. 14.

HOWARD B.

2460

Joi1ES DIVISI011

CinCH mPG. coFiP.

KC

Complete

e 3 Color Dia! and Drive

All units Pre -Tracked at Factory

o

9
We also make a Slide Rule type unit for Supers
and TRF type to replace a single condenser.

facilities for Die work, Stamping, Coils,
Assembling. Complete and extensive Engineering
and Electrical laboratories available. Send us your
inquiries for quotations.
Open

AERMOTIVE EQUIPMENT CORP.
KANSAS CITY, MO.

1632 CENTRAL ST.
NEW YORK OFFICE

H. BRAVERMAN

161 WASHiNGTON ST., N. Y. 6, N. Y.

W. G£ORG£ ST. CHICAGO 18

ELECTRONICS

-January,
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(continued)

NEWS OF THE INDUSTRY

Sleceeed %cluiíccaura

fri!:PALNuT

taking over his post as engineering
director of the Mutual network.
B. J. MILLER has been named chief

4FFOROA lo
OUR young men come to us from every
walk of life-from the farm-from the city
-rich and poor-many ex -GI's. They represent every race and creed but they do have
ONE thing in common.
They're all men OF Radio, BY Radio
and FOR Radio. They've grown up with a
"cat's whisker" and a set of headphones as
playthings. The only lullabyes they remember are the ones they heard over Dad's
Battery Set, with all the knobs, dials, and
switches, when radio itself was an infant.
These young men have never known a
world without radio, and they never want
to. Radio has molded their minds, provided
them with an absorbing hobby and given
them the means of earning a good living.

SHIELD CAN

of the recently organized Guided
Missile Electronics Section of the
National Bureau of Standards. Dr.
Miller played an active part in research phases of the radio proximity fuze, and since Nov. 1945 has
been working on electronic controls

FASTENER*

for guided missiles. Among activities under his guidance now is the
Kingfisher Project, which is the
advance development of the radar guided BAT bomb.

Lower Assembly Cost

SKILLED MEN FOR RADIO

Now, with their training at National
Schools behind them, they are prepared to
contribute their skill, talent and creative
ideas to an industry which is literally a
part of them.
We feel fortunate indeed to have had
the privilege of awakening the dormant
abilities of many men now holding prominent positions in Broadcasting, Communications, Radio Sales and Service, Television
and Electronics. And we look forward with
pleasure to an ever -broadening educational
program, designed to train still more men
to fill the thousands of specialized positions
radio will require in the future.
During the four decades since we first
began to build men for Industry, we have
kept accurate student records and compiled
unusually complete performance charts.
Thus we have acquired a keen insight into
the most effective ways to inspire radio minded men to APPLY their training, and
to use their creative abilities to the best
advantage of themselves and their em-

Strong Positive Grip
B. J.

Miller

H. L.

sonnel problems. You'll welcome an opportunity to learn how we inspire our students to ACTION, how we develop in
them those vital traits of character which
make them an asset to any employer.
We know you'll want to send for our
"Report to Industry." Whether you employ one man or hundreds, you will enjoy and profit by this factual, informative
presentation.
Send for it today! No obligation.
NATIONAL SCHOOLS
Pioneers of Technical Trade Training Since 1905
Los Angeles 37, Califoinia

Mail to: PUBLIC RELATIONS DIRECTOR
National Schools-Figueroa at Santa Barbara
Los Angeles 37, California

Please send me "Report to Industry"
E-14

Name.

Title
Address
City

254

7one

State

tolerance problems

L. DRYDEN, associate director
of the National Bureau of Standards, has been presented the Medal
of Freedom for "an outstanding
contribution to the fund of knowledge of the Army Air Forces with
his research and analysis of the
developments and use of guided
missiles by the enemy." During
the war Dr. Dryden directed the
research and development program
on guided missiles at the Bureau of
HUGH

Li

v

e spring

holds can

arch
tightly

against chassis

Standards.

ployrs.

REPORT TO INDUSTRY-FREE!
You'll be impressed by our methods and
observations, as they apply to YOUR per-

No

Dryden

Will

J. DE FELIX, electronics
engineering officer and Lieutenant
in the U. S. Coast Guard for the
past seven years, will be associated
with W. N. Green in communications engineering practice in Porto
HECTOR

Rico.
ALOIS W. GRAF, chairman of the
Chicago section of IRE, has opened
an office in Chicago for the practice
of law in patent and trademark
cases.

LESLIE G. THOMAS was elected vice-

president in charge of manufacturing at Solar Manufacturing Corp.,
New York, N. Y. He was recently
vice-president and works manager
of International Resistance Co.,
Philadelphia.

until

pull

not

out

deliberately

released

A quick snap of the Palnut
Shield Can Fastener into the
chassis provides a secure job-

faster, cheaper than other fastening methods. Good ground
contact is maintained. May be
used on any chassis thickness.

SAMPLES and data on Palnut
Shield Can Fasteners senf upon
request on your company letterhead.
Pat. Pending

The
77

PALNUT0.

CORDIER ST., IRVINGTON 11, N.

January, 1947
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MURDOCK

"DIALCO" PLN-849 Pilot

Lights

Designed for the New Neon -5I Lamp

HEADPHONES

Feature BUILT-IN RESISTORS

ara a U/3e/!/

A RUGGED UNIT. Consumes a small amount of current
(under one milliampere) and has dependable long life.

For 110 Volts (and higher)

Note these important features
of PLN849 Pilot Light:

(Pat nt Pending)

(1) RESISTOR INTEGRAL
with socket assembly. Value to
suit supply voltage.
(2) Moulded Bakelite Socket.
(3) Full -view Jewel Plastic
Cap for visibility at all angles.
(4) Rugged terminals, binding
screw or permanent soldering
type.
(5) High resistance to vibration or shock.
(6) Supplied complete with
General Electric Neon NE-51
Bulbs. May also be adapted to
accommodate General Electric
Radio Panel Bulbs such as 47, 44,
etc., for low voltage circuits.
Bulbs removable from front of
panel.

BUILT-IN
RESISTOR
HOUSED
IN SPRING
CONTACT
EYELET

Dialco Pilot Lights, In thousands of variations,
are UNDERWRITERS' LABORATORIES listed.

WRITE FOR NEW
Elle/eyILLUSTRATED

Their true -tone reception

is a

BROCHURE

tribute to MURDOCK'S

40 years' experience in producing the world's finest
headphones.

GIFU. LIGHT
900 BROADWAY

WM. J. MURDOCK CO.
135

NEW YORK 3, N. Y.

Telephone: ALgonquin 4-5180-I-2-3

Carter St., Chelsea 50, Mass.

Waxlsrs

All standñrd types,
Write for the new

0, ,z)(

Amcon catalog.

Tailored for the best protection against
vibration, strain, contraction, expansion. PROMPT delivery of any quantity. Write for Quadriga catalog with
photos and valuable data.
THE QUADRIGA MANUFACTURING CO.
221 A West Grand Ave.. Chicago 10, Illinois
ELECTRONICS

-

-oltoh

AMERICAN CONDENSER CO.
4410 N. Ravenswood Ave., Chicago 40, Illinois

January, 1947
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NEW BOOKS

WIDE BAND LINE TERMINATION

A

WITH EXCEEDINGLY LOW VSWR
CHARACTERISTICS.

Inside The Vacuum Tube
By JOHN F. RIDER. John F. Rider Publisher, Inc., New York 16, N. Y., 1945,
407 pages, $4.50.

MODEL 81

70».4ete
COAXIAL RESISTOR
i

The Model 81 Termaline is designed to serve as a matched load
which dissipates all power applied to it. Featuring very low
VSWR's, the Termaline is very
useful in measurement work at
VHF-UHF-SHF.
Frequent -Zero (d -c) to 4000 mc.
Power
Input Impedance -51.5 ohms
Capacity -50 watts continuous, higher

Fittingspowers for short periods
AN Type UG-23 female coupling for
Physical DiRG -8, 9 and equivalent
mensions-(Overall) 93/8" L x 5" H x
25'8" W.
Finish-Platinum gray with
chrome trim. Collapsible handle.
APPLICATION
an impedance standard for accuracy
and repeatabjli:y in VHF-UHF-SHF

1. As

measurements.
General use as a non -reactive termination for r -f lines.
3. As a dummy load while tuning up
2.

transmitters.
impedance

4. Checking

in

antenna to

line match.
BIRD ELECTRONIC CORPORATION
1800 EAST 38th STREET

CLEVELAND 14, OHIO

BIRD

till i ;ZIT;TC0

Instrumentation for Coaxial Transmission

A MARK OF

Radio facts are presented in this
book on such a basis that a high
school junior or senior could well
understand them. Innovations include reprinting of diagrams and
graphs on subsequent pages so that
they can easily be studied when the
reader is referred to them, and the
use of three anaglyphs-two-color
drawings which appear in three
dimensions when viewed by the
two-color spectacles furnished with
the book. Throughout the book are
small illustrative sketches where
electrons, atoms and ions are personalized and shown as small round
imps with arms, legs, wings and

antennae. This juvenile representation of negative imps running
around the circuit or climbing
through the grid wires will hardly
appeal to all, but does often serve
to make the subject matter a bit
more familiar.
The treatment, beginning with
the electron, its source and resultant movement under electrostatic force fields, is straightforward. More emphasis is placed on
space charges and fields due to
potentials on the tube elements
than is usual in a book of this
scope. Diodes are rather completely
treated and form the basis for the
triode treatment as well. The discussion on triodes covers five chapters and is adequately done,
especially the explanation and construction of load lines as a means
of determining operating conditions.
A chapter on tetrodes and pentodes is followed by one on the
effect of cathode impédances. Short
chapters on power amplifiers and
miscellaneous tubes give mention to
the general properties of such
devices.
It is difficult for a reviewer to
place himself in the position of a
novice, and consequently the text
seems over -simplified and repetitious. This redundancy may, to a
beginner, be the real merit of the
book. Numerous minor errors are

apparent on careful reading but
probably do no material harm. For
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Prominent among our line
of electrical and electronic components are pressurized and waterproof
connectors. Pressurized

and waterproof con-

nectors include power
and RF coaxial types
meeting AN standards.
Connectors for all purposes are a specialty in
which the electronic section of our Engineering
Department is available
to assist you.

H. H. BUGGIE
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Make problems simpler,
easier to solve
through speedy mastery
of TRIGONOMETRY

Specializing in the production of highest
quality Alnico Magnets in all grades
including new triple strength No. 5.

-

10,

clear-cut "question - and - answer"
The

Production material checked to assure
highest uniform quality of product.
Castings made to customer's special
order on the basis of sketches or blue
prints furnished.
Information and suggestions furnished
on request.
MANUFACTURERS OF NIGH COERCIVE MAGNETIC

MAGNETIC

method makes understanding easy
-applies trigonometry
to actual problems in
technical fields

ALl0V3

CORPORffirl

Here's a direct way to help yourself find the
answers to today's technical problems quickly
and efficiently, without the bother and wasted
time that accompany unsure methods. This
brisk presentation of trigonometry provides a
rapid refresher course for the man who wants
to brush up on his trigonometry, as well as a
complete study course for the man who will use
it for the first time. The teaching process is
speeded up by the "question -and-answer"
method which presents the subject clearly and
concisely, with emphasis on practical problems
in the various technical fields of direct working
value to you.

Just published!

10001 ERWIN AVENUE
MICHIGAN
5,
DETROIT

REFRESHER
FOR TECHNICAL MEN

SMALL PARTS

By A. ALBERT KLAF
Civil Engineer. Board of Water Supply, City of New York
629 pages, 51 x 81/4, 355 illustrations, 8 tables, $5.00
This book provides a quick, direct and practical means of
mastering the trigonometry that will ease your technical
problems, and speed up your work. The treatment is
comprehensive. including detailed presentation of angles;
methods of periodic functions, Identities, inverse functions; logarithms. etc. There is a review of spherical
geometry, a careful presentation of spherical triangles,
and the application of spherical trigonometry in the
solution of the terrestrial and astronomical triangles.
Many illustrations are supplied. Problems follow each
chapter.

Filaments, anodes, supports, springs,
etc. for electronic tubes. Small wire and
flat metal formed parts to your prints
for your assemblies. Double pointed pins.
Wire straightened and cut diameter up to
Any length up to 12 feet.
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Inquiries will receive prompt attention.
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it provides a working knowledge of the branch of
mathematics most useful to technical men
angle by
it simplifies the principal functions of an concept
the use of a "shadow and perpendicular"
numerical
in
time
of
saving
the
it contributes toward
calculations
it shows you how to select the slide rule best suited
to your own particular use
it supplies a wide variety of selected cryptical. technical problems completely solved
it develops logarithms from the beginning. In progressive steps

it provides
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See it

SHEET
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Reasons why this book
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a

complete review of spherical geometry

days FREE

McGraw-Hill

Mail Coupon

Book Co., 330 W. 42

St., N.Y.C.
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Send me Klaf's Trigonometry Refresher for Technical Men for 10 days' examination on approval. In
ten days I will send $5.00, plus few cents postage, or
return book postpaid. (Postage paid on cash orders.)
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EVER
SEE
THESE?

Milford

SEMI -TUBULAR

where solidity is required for strength.

SOLID
SEMI -TUBULAR

Rivets

to save time in setting.

A p n on Milford Rivet Setters engages the semi tubular end of the rivet, guides it home accurately and
instantly to make an unbreakable assembly. Costs cut.
Time saved. Production speeded. Milford designs
and manufactures rivets in endless variety and makes
15 standard models of bench and floor type rivet
setters (special models, to order).

MILFORD BENCH TYPE RIVET SETTER

SETS 60 RIVETS
A MINUTE
in Metal, Wood, Fabric, Plastic

or any combination of the four.

Send blue prints or actual
sample for more information,
or write for a Milford representative to call.

THE MILFORD RIVET
&

MACHINE CO.

859 Bridgeport Ave.

MILFORD, CONN.
1002 West River St., Elyria, Ohio

Inquiries may also be addressed to our subsidiary:
THE PENN RIVET & MACHINE CO., PHILADELPHIA 33, PENNA.
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(continued)
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example, on p. 128; "
the value
of grid current caused to flow
.
has been found that the lower the
plate voltage, the less the grid current. This appears reasonable ..".
Quite the contrary! A more serious
error is the lack of any emphasis
on the nonlinear characteristics of
the tubes. Generally the nonlinear
conditions are treated as exceptions
to be ignored, and no basis is laid
for detectors, rectifiers, oscillators,
limiters, etc. This omission is
probably part of the most annoying
characteristic of the book, wherein
it is stated many times and in many
ways that the phenomena hinted at
is much beyond the scope of the
book and possibly the intelligence
of the reader.
With these exceptions the book
is well turned out and stands as one
of the simplest of such simplified

texts.-K.

...

W. JARVIS

Communication Through
the Ages
By ALFRED STILL. Murray Hill Books,
Inc., New York, N. Y., 201 pages,
$2.75.

THE AUTHOR OF "Soul of Amber"

PARAMOUNT PAPER TUBES
me caw

Westin¢house

WATTHOUR METERS
heavy walled paper tube core
center is used in the voltage coil of these
watthour meters to separate the coil from
the laminated iron sections. It helps provide good insulation to ground in order
to withstand possible high surge voltages.
A.

This is typical of the wide use of
PAR*MOUNT paper tubes by leading
manufacturers of electrical, radio and electronic products. With over 15 years of
specialized experience, PARAMOUNT
can produce exactly the shape and size
tubes you need for coil forms or other
uses. Square, rectangular, or round. Hi Dielectric, Hi -Strength. Kraft, Fish Paper,
Red Rope, or any combination, wound on
automatic machines. Tolerances plus or
minus .002". Made to your specifications
or engineered for you.

SEND FOR ARBOR LIST
OF OVER 1000 SIZES

Lists

great variety of

stock arbors. Includes
many odd sizes. Write
for Arbor List today.
Inside Perimeters from

.592' to 19.0'

PARAMOUNT PAPER TUBE CORP.
616 LAFAYETTE ST., FORT WAYNE 2, INDIANA
,llauufacturers of Paper Tubing for the Electrical Industry
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and "Soul of Lodestone" continues
his exploration of 19th century
technical literature, to bring forth
another highly readable review of
man's early gropings in search of
scientific achievement. This time
the goal is man's desire to communicate beyond range of his voice-a
goal as yet unattained, in the author's opinion-because man has
not yet learned to make words convey the exact intended meanings of
his thoughts even in direct conversation.
The account begins Logically with
drums, fire, and smoke, covers 19th
century and earlier uses of rays of
light for signaling, then traces the
beginnings of telegraphy with
sparks of electricity and streams of
electrons. Highlight of the entire
'book is the story of man's many
attempts to achieve telegraphic
communication across the Atlantic;
after early failures of the Atlantic
cable, work was actually started
both in Russia and in Canada on a
wood -pole telegraph line that would
link U. S. with the capitals of western Europe. Successful laying of
the new Atlantic cable in 1866
January, 1947
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utility makes it a most useful instrument for laboratory and test station work. Three
power ranges are instantly selected with a rotary switch:

CONDENSER PLATES

SMALL METAL STAMPINGS
in accordance

with Customer's Prints

Output voltage variation less than 1% with
change from 0 to full
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1

In addition, a convenient 6.3 V.A.C. filament source is
provided. The normally floating system is properly terminated for external grounding when desired. Ade-

Modern Equipment and Factory
No Screw Machine Parts

ripple

and
noise less than .025 V.

Output

quately protected against overloads.

Twin Power Supply Model 210 Complete $115.00 F.O.B. Chicago
Shipping Wt. 35 lbs.
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COMPANY
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SIL-F05 AND EASY-FLO

By preplacing these low -temperature silver brazing alloys and
using fast handling and heating methods, metal joining with
SIL-FOS and EASY-FLO has become a fast, low-cost mass production operation on hundreds of jobs. Also, the ability of these alloys
to join stampings and tubular parts with one-piece strength has
revolutionized the design of many products*with big savings in
production costs. Find out what SIL-FOS and EASY-FLO can do for
you. Write today for BULLETINS giving full facts including
details about the new faster acting, lower cost. EASY-FLO 45.

-
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EQUIPMENT
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high fidelity. Test them on your work.
One of the first companies to make
instantaneous recording equipment,
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ELECTRIC IMMERSION HEATERS made by Edwin L.
Wiegand Co., Pittsburgh, Pa. With the simple set-up

shown, formed copper tubes are brazed to copper -clad
steel flanges. Operator slips EASY-FLO rings on tube ends,
inserts ends in flange, places assembly in fixture and
applies Handy Flux. Meanwhile, an assembly in induction coil is brazed
and a third is coolRINGS OF
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doomed this line to dormancy for
three quarters of a century more,
until the U. S. Army Signal Corps
completed in Nov. 1943 a 2,000 -mile

*Try a

Clarostat volume control. You'll be amazed. Here's a
replacement control that's got
everything-fine performance, dependability, longest life, because
of these

*

features

.. .

Time -tested and

proven stabiAccurate initial
resistance values maintained
over long service
life.
Extreme immunity
to humidity,
temperature,

wear, age.

*

*

Resistance element
is self -lubricated. Smoothest operation.
Special alloy contact.
Dual -finger,

arm.

ball-point contact

Positive
mized noise level.contact.

Mini-

* Tinned terminals. Solder
cannot
get inside to
cause trouble.

* Protective metal cap.
Bakelite
casing
provides highest leakage
resistance.

Again we say, try a Clarostat volume
control. Our local jobber has a copy of
the latest Clarostat catalog waiting for
you. Or write us.

This graph shows frequency ranges
covered by each unit. Write us for

your full-size copy.

2851

N. 6th

St., Brooklyn, N. Y.

Five Standard
Slug -Tuned
LS3 Coils Cover
1/2 to 184 me

By RAYMOND W. DULL, Consulting Engineer. McGraw-Hill Book Co., New
York, N. Y., 1946, 346 pages, $4.50.

WITH

approaching
reference manual, this
sequel to the author's earlier
"Mathematics for Engineers" presents elementary basic mathematical tools essential to higher mathematics. Illustrative examples show
applications of the techniques to engineering problems created by developments of recent years. Topics
covered include organic growth, organic decay functions, circles as
tools, vectors, ray and string polygons, imaginary and complex numbers, hyperbolic functions, motions,
impulse - impact - momentum equations, increments, images, and differential equations.-.r. M.

that of

CONCISENESS
a

For strip amplifier work, the
compact (1/" high when
mounted) LS3 Coil is ideal.
Also for Filters, Oscillators,
Wave -Traps or any purpose
where an adjustable inductance is desired.
Five
1,

Radio's Conquest of Space

Names, places, events and dates related to the development of radio
communication have been collected
by the author, divided into 30 convenient categories, then arranged
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Standard Windings,

5,10, 30 and 60 megacycle

coils cover inductance
ranges between 750 and

0.065

microhenries.

CTC LS3 Coils are easy to
Swager

assemble, one %" hole is all
you need. Each unit is durably varnished and supplied with required mounting hardware.

Terminal

SPECIAL COILS

Board

CTC will custom-engineer

.

By DONALD MCNiCOL. Murray Hill
Books, Inc., New York 16, N. Y., 1946,
374 pages, $4.00.

CLAROSTAT MFG, CO., Inc.

f:

Mathematical Aids
for Engineers

lized element.

*

overland telephone line paralleling
the Alaska Highway.
Other chapters cover the beginnings of telephony, radio, and television, but the author's heart is
with the 19th century and there are
little but sketchy details of 20th
century achievements in these
fields. This is both understandable
and commendable ; no ohe book
could begin to cover recent developments adequately, and it is much
more interesting from a writing
standpoint to probe into old books
than try to make sense out of the
hectic early days of radio. In retirement after serving for 21 years
as professor of electrical engineering at Purdue University, the author is definitely enriching the literature of science with his streamlined historical anecdotes.-:r. M.

1

HPB

Crystal

and produce coils of almost
any size and style of winding... to the most particular manufacturer's specifications.

Coeulccic W %

T//rhee=Wee
io»zcos2en/¿etwice
... Standardized Designs...
Guaranteed Materials and Workmanship
CAMBRIDGE THERMIONIC CORPORATION

Custom Engineering

437 Concord Avenue, Cambridge 38, Mass.
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CAPITOL
RADIO ENGINEERING INSTITUTE
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Don't Let Others Put You

Ol/Tofthe Picture!
Here's How CREI Prepares You
NOW for a BETTER JOB and a
SECURE
CAREER
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chances to step into brand new jobs in brand new
fields. FM, Television, Facsimile and other electronic communications systems for both government and industry will require thousands of
highly trained expert radio communications engineers and technicians.
NOW is the time to take the time to prepare
yourself for these important career jobs. CREI
home study training can show you the way by
providing you with the "tools" with which to
build a firm foundation of ability based on a
planned program of modern technical training.
In our proved method of instruction you learn
not only how but why! This is real, honest-to goodness practical engineering training that leads
to better jobs and more rapid promotions. It
costs you nothing to read the interesting facts.
Write for free booklet today.

(CREI training for veterans is
available under the "G. I." Bill.)
WRITE FOR NEW,

FREE

36 -PAGE

BOOKLET

If you have had professional or

amateur radio experience and
want to make more moneylet us help you qualify for a
better radio ¡ob.
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plan intelligently a course best
suited to your needs-PLEASE
STATE BRIEFLY YOUR BACKGROUND OF EXPERIENCE, EDUCATION AND PRESENT POSITION.
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H. RIETZKE,
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WASHINGTON 10, D. C.
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more or less chronologically within
batches and tied together with
smooth -flowing continuity to make
up the 30 chapters of this book. One
annoying but apparently unavoidable result of this technique is the
abrupt flyback one, two, or more
decades at the start of a new chapter after having come right up to
the present at the end of the previous chapter.
Any attempt to cover even the
communication aspect of radio
within the confines of a 374 -page
book is foredoomed to leave many
readers dissatisfied, because of the
great number of developments
clamoring for detailed attention.
Because of the necessary omissions
and the briefness of many citations, old-timers may find much to
criticize here, but certainly the
younger generation of radio enthusiasts will find the book stimu-

lating.-J.

M.

The Servicing of
Television Receivers
Published by PHILCo CORP., Philadelphia, Pa., 1946, 140 pages, $2.25.

This paper -covered 81 by 11 volume
looks and reads like one of the better maintenance instruction manuals published during- the war for
the purpose of indoctrinating Service personnel in radar and radio.
From the first page, adequate type,
clean cuts, and large, clear circuit
diagrams are used to present simple, factual information of high
value to the television receiver technician. Any possible severity in the
presentation is relieved by a series
of resistor-capacitor gremlins busily engaged, cartoon -wise, in demonstrating the "do's" and "don'ts"
referred to in the text.
Although the television system
and receiver are discussed in general terms, there are specific circuit
drawings of a receiver, a trouble cause -remedy chart, and an excellent series of illustrations of the
cathode-ray tube display under
various conditions of circuit failure.
Antennas, the greatest potential
stumbling block between television
studio and viewing public, have
been well covered. If the answer to
poor reception is not in the book,
the service man can at least suspect
a faulty antenna from the emphasis given the subject.-A. A. M.
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Soundcraft engineers have

reduced overall surface
noise far below present
acceptable standards.
Soundcraft knows that this
is a broad statement. Just
as surely Soundcraft knows
how to accomplish it lacquer control.
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lowest coefficient of friction
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stone filters insoluble impurities as small as 1/100,000
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grain structures is achieved,
and surface noise potential
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829-832 Ceramic Sockets

"AMPHENOL" Retainer Rings
for Octal Sockets-Snap-on
Miniature Tube Shields
i
.002 mfd. 300 V. Tubulars
"MICAMOLD"
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Backtalk
This department is operated as an open forum
where our readers may
discuss problems of the
electronics industry or
comment upon articles
which ELECTRONICS
has published.

Physiology of Hearing

MICROPHONES

-the FINEST

/oz P.

A. <-1 RECORDING/

11

Auf

P. G.
DYNAMIC

AMPERITE
VELOCITY
MICROPHONE
WITH

WITH

NEW

SUPERIOR

PATENTED
ACOUSTIC

ELIPSOID
PICK UP
PATTERN!

COMPENSATOR

AMPERITE KONTAK MIKES
IDEAL FOR AMPLIFYING
STRINGED INSTRUMENTS
USED WITH ANY AMPLIFIER
AND WITH RADIO SETS.

ASK YOUR JOBBER

... WRITE

FOR FOLDER

MPERI
561

BROADWAY

NF.W

AMPERITE

YORK

Dear Editor :
I am moved to write a criticism
of the article, "Auditory Perception," published in the July 1946
issue of ELECTRONICS because of the
damage to radio receiver design
which may be caused by its appearance in so influential a journal, especially when sponsored editorially
by your own brief laudatory statement on its initial page. You wrote
that "... understanding of human
hearing and its relation to various
types of tone-compensating arrangements is an aid in evaluating
and solving problems encountered
in perfecting audio transmission
and reproduction systems." While
I quite agree with your statement
in general, its application to the
article in question seems to me unsound or at least premature.
Essentially, the difficulty, as I
view it, is that Goodell and Michel
do not really accept the ear as the
basic perceptor of sound, so far as
human hearing is concerned, but
rather regard it as an imperfect instrument for which the good radio
engineer should compensate.
Whether the type of compensation
they suggest is preferable to none
has not been demonstrated.
Let us assume, for the sake of argument, that we have perfect electrical rendition of sound. This
would mean that the microphone,
substituted for the human ear at
the site where we are accustomed
to hear the sound to be rendered
(the best seat in the orchestra, for
a symphony), would, through a
suitable transmitter, have converted the sound into an electrical
form in which there was perfect
reproduction in proper phase of its
frequency components and their
respective amplitudes.
At present, if the broadcasts of
January, 1947
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Solve Wire

Stripping
Problems with
FINE RIBBONS
OF
and MOLYBDENUM
TUNGSTEN
Quality and accuracy in our fabrication of Tungsten ó Molybdenum Ribbons have characterized our service
to the Electronic industry.
A development of

H. CROSS Co.
Beekman

St., New York 7,N.Y.

15

"SPEEDEX"
WIRE STRIPPER KIT
"Speedex" Wire Stripper complete
7
interchangeable blades for stripping any
size wire from No. 8 to No. 30 will be the handiest
tool in the shop. Strips 800 to 1000 wires per
hour-cuts wires too. Just press the handle and
the job is done. For use with solid or stranded
The famous

with

wires.

WRITE DEPT.

E

FOR FULL

PARTICULARS

GENERAL CEMENT

MFG. CO.
ROCKFORD, ILLINOIS, U. S. A.

WE manufacture a complete line of equipment
SPOT WELDERS, electric from ',7i to 50 KFA
AC ARC
TRANSFORMERS, special and standard typo's
WELDERS
INCANDESCENT LAMP manufacturing equ_pment
from 100 to
BLUORESCENT TUBE MAKING EQUIPMENT
ELECTRONIC EQUIPMENT, vacuum pump,,. etc.
400 Amps
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 CO.
73E Sn. 13th St. (near Avon Ave.
Newark, New Jer.ey

One
inexpensive
modern
device ..

.

can frequently help speed up
operation and maintenance
or production.

fI LM

GRApet

Conference

.

.

Manufacture of
RADIO TUBES
CATHODE RAY TUBES
FLUORESCENT LAMPS
INCANDESCENT LAMPS

PAVD

Recorders
ECONOMICA!

UNINTERRUPTED
PERMANENT
Longtime (up t012 hours) Conference
INSTANTANEOUS
ATelephol.eRecordings onSafety Film
PLAY-BACK
Models for Dictation "TALKIES"
c. 812 BROADWAY,N.Y.5
MILES REPRODUCER CO

Kahle ENGINEERING CO.

1309 Seventh St., No. Bergen, N. J.,
U. S. A.

elippa
1125 Bank

rd

PRECISION BALL BEARINGS
IWORLD'S SMALLEST RALI REARING'

INSTRUMENT
LA ORATORY,INC.

Street, Cincinnati 14, Ohio

For precision instruments, lab-

oratory equipment, electronic
devices, to minimize friction,
space, weight; overcome
starting torque.

ENLARGED
Sia DIAM.

Radial Striae (5 Saaet

.

1/8" to S/16"

Write for data Meet EI.

- For 'Parts" Marking -

TOPFLIGHT TOOL CO.
Huber Bldg. York. Pa.

O. D.

Pivot Serial 16 Suet
2 an to 10 am O. D.

PRINTED TAPE

MIN

REiccithmBEARINGS

KEENE, NEW HAMPSHIRE,

U.5 -A

-

MICROMETER

for

Checking

FREQUENCY
from

METER

INDUSTRY

To be informed-and re-

mil SUN RADIO

minded-on modern aids to

FOR ELECTRONIC

economical operation, main-

EQUIPMENT

production,
check "Contacts" advertising
regularly . . . every issue.

DUANE ST..

MW

Bradenton, Fla. U. S. A.

125

LOKS

TITLES

IN STOCK

SAME -DAY SHIPMENT ON 98.4 OF AIL MAIL ORDERS.
Books of nearly all rodeo pubSS;hers. If you don't know pr,ce,
send deposit and we'll ship C.O.D.

lee,

YORK 7, N.Y.

0.01 per cent

LAMPKIN LABORATORIES

B

SUN RADIO
122-12l

100 Ke to 175 Mc.

OVER

& ELECTRONICS CO., Inc.
ESTAMI .RFD

Transmitters

within

RADIOYM BOAI

and

-

On Production or Laboratory Basis

MINIATURE

Coils and Sub -Assemblies.
For Discriminating Manufacturers

COMES TO

ELECTRONICS

NEON TUBES
PHOTO CELLS
,X-RAY TUBES
GLASS PRODUCTS

High Sped Produotion Of Quality
R. F.

a real money -saver.

tenance

MACHINERY
OF ALL TYPES
STANDARD
AND SPECIAL
DESIGN
We specialize in Equipment and Methods for the

One product advertised in the
"Contacts" Section may be
the answer to your problem
.

ELECTRON TUBE

BArclay 7.1840

C:Z. ó0 TO EDITORS AND ENGINEERS, Ltd.
Santa Barbara, California
1303 Kentwood Road
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(continuad)

the New York Philharmonic Society
are taken as an example, this assumption is not completely fulfilled,
since the microphones are placed
where no listener would want to sit.
The result is that the intensity of
reflected sound is reduced relative
to the direct sound from the instruments, but, practically, this may be
preferable because of the further
reflections which occur on reproduction in the home. However, we
make the assumption for purposes

ASK. THE

S

THEW

Spintite wrench sets are the
next best thing to an extra pair
of hands. When you are turning
out radios on the assembly line
as I am, you sure appreciate
tools that help speed production.
Spintite is the wrench that's
built and works like a screwdriver. Available to fit square. hex
or knurled nuts, it can be had
with either fixed or chuck -type
handle. Ranging in size from
3/16" to 5/8", there are Spintites
to meet every requirement of
radio assembly and repair. If
you ask me, Spintites are the
answer.

No. T-51 chuck -type Spintite with
seven Spintites, three Screw-drivers
and Reamawl, in leatherette roll.

`

'

WOR

C

E51E0.

STEVENS WALDEN

INCORPORATED
Worcester Massachusetts
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Announcing
The latest data on

BASIC RADAR

CIRCUITS
Prepared by the

of discussion.
radar specialists
If the listener used a perfect reof the
ceiver, one which converted back MASSACHUSETTS
into sound without amplitude,
INSTITUTE OF
phase, or frequency distortion the
TECHNOLOGY
electrical signal, he would hear (aswith this
suming no reverberation) exactly Now
single reference
you can
what he would have heard if he sat manual
quickly bring yourself abreast of latwhere the transmitting microphone est
developments
complete and up-to-date
had been placed, provided the vol- in radar. It is thein first
this irpportant new fieldvolume published
ume was adjusted to the same in- covering the subject for all engineers and phjeiwho are concerned with electronic applicatensity. If he turns the volume cists
tions. Reflecting the broad experience of M. I. T.
specialists, this book deals with pulse cirlower, he will hear a different rendi- radar
cuits and high -frequency devices common to
nearly all radar equipment. The lucid explanation.
tions of circuit operation are based on Physical
Goodell and Michel, pointing to concepts and make free use of numerical examples.
the shift in man's frequencyresponse curve as intensity is PRINCIPLES OF
Just Ouf
changed, would modify the receiver
NEW
2nd
so that, when the volume is lowered,
Ediflon
the sound is distorted in such a way
that the human ear would then reBy members of the staff of the Radar School,
spond, despite the lowered intensity,
Massachusetts Institute of Technology. 960
pages, 6 x 9, profusely illustrated $5.00
as though the sound were still at
Originally this book was prepared to give a sound. rapid
the original intensity.
grounding in radar principles and their wartime applicaNow, in view of the many advances of the past
But this is quite unphysiological tions.
few years, the book has been fully revised and brought
that it will be helpful not only to those
-quite different from normal ear up-to-date-so
interested in radar but also to. those concerned with
-high frequencies and microwaves. television, pulsefunction. If the orchestra were to ultra
time communication systems, or Pulse navigation systems.
new edition begins with a brief description of the
play more softly (leaving out of This
components and functions of radar systems and continues
with detailed discussion of typical system components.
consideration, now, the resulting Expositions of circuits and devices provide an unusual
of technically thorough and accurate treatchange in the relative intensities combination
ments with minimum dependence upon mathematics.
Emphasis in the discussions of circuits is on quantitative
of harmonics), the listener's hear- analysis directly from tube characteristics and physical
principles.
ing responds by shifting the emSupplies timely data on:
phasis of the lower notes, as shown
Timing Circuits
Indicators
in the frequency-response curves.
Receivers
Magnetrons
This shift is expected, being charModulators
Triode Transmitters
acteristic of all sound heard by the
Radio -frequency Lines
Radar Antennas and Propagation
listener.
Wave Guides and Cavity Resonators
Transmit -receive Devices
If, artificially, the radio engineer
Synchros and Servomechanisms
enhances the treble, when volume is
Mail coupon for
reduced, the listener will hear
something different from what he 10 DAYS' FREE EXAMINATION
is accustomed to hear at these
McGRAW-HILL BOOK CO..
330 W. 42nd St.. New York 18
sound levels. The musically trained
Send me M.I.T. Radar School -Principles of Radar
listener, I suspect, would reject
for 10 days' examination on approval. In 10 days
I will send $5.00 plus few cents postage or return
such compensation as distortion and
book postpaid. (Postage paid on cash orders.)
would prefer the linear type of reName
Address
ceiver.
City and State
It is at this point that I must adCompany
mit that a matter of opinion has
L 1-47
Position
entered. It is my impression, as I
For Canadian price write Embassy Book Co
12 Richmond St. E., Toronto 1
have said, that the distortion sug-

-

-

RADAR
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PROFESSIONAL SERVICES
Consulting

-

Patents

-

-

Design

Development

-

Measurements

in

Radio, Audio, Industrial Electronic Applications

PAUL

H. RUSSELL BROWNELL
Specializing
Instruments &
188

tronic

-

14,

N. Y.

Chelsea 2-4208

El. Appliances. IIi-Frequencies Apparatus
Electronics, Radio Communications
205 W. Wacker Dr.

Acoustical Consultant

Electric and Mechanical Engineering Problems
Instruments and Control Devices
Electronics
Specialists in Colormetry, Spectrophotometry and
Industrial Color Control
Laboratory and Shop Facilities
202 Darby Road
Lianerch, Pa.
Phone Hilltop 6910

ARTHUR J. SANIAL
Consulting Engineer
Loudspeakers and Allied Devices

Tool
1315

DONALDSON ELECTRONICS
LABORATORY
Research and Development
Shoran Radio Survey Consultant
Custom Built 'Scopes - Trick Circuits
Microsecond Sweeps - Microwave Systems
Industrial Applications
P.O. Box 1486
San Antonio, Tens

Ill.

6,

Research and Development
Product Designs
& Methods Engineering
Pilot Manufacturing

and
Audio Systems Engineering, FM, Standard Broadest and Television Studio Design.
Roxbury Road
Stamford 3-7459
Stamford, Conn.

Chicago

C. M. HATHAWAY
Consulting Engineer

EDWARD J. CONTENT

5,

Clarkson

St.,

Denver

10,

Colorado

INDUSTRIAL DEVELOPMENT
ENGINEERING ASSOCIATES
Engineering Consultants

Electronic Control, Motion Picture
Sound Equipment
5874 College Ave.

Indianapolis

.i,

Flushing.

168-14 32 Ave.

N. Y.

SENTINEL LABORATORIES

&

Development-Design-Models

Ind.

Electronic Instruments & Equipment. Custom
designed and built to comply with your particular specifications
Industrial applications of Electronics and
Electronic Laboratory Instruments our specialty
Phila. 7, Pa.
1019-23 Appletree Street

STANLEY D. EILENBERGER
Consulting Engineer

RICHARD C. KLEINBERGER

TECHLIT CONSULTANTS, INC.

INDUSTRIAL FLFCTRONICS

Licensed Professional Engineer
Electronic Heating Applications

Technical literature and art. Specialists in electronics.
Instruction manuals, sales brochures.
catalogues, isometrics, perspective, photo -retouching, schematics, wiring diagrams. I spert work at
low coat. Wo have never missed a deadline.

Design-Development-Models

Complete Laboratory and Shop Facilities
6309 -13 -27th Ave.

Kenosha, Wis.

Telephone 2-4213

20 Cushman Road,

White Plains, N.

Y.

MIDLAND ASSOCIATES

ELECTRONEERS
Electronic Consultants

MUrray Hill 2-2492

ELM LABORATORIES

ALBERT PREISMAN

Communications - Medical
Write or phone for preliminary survey without
charge.

Fifth Ave.

-

New York 17, N. Y.

ELECTRONIC -MECHANICAL
RESEARCH & DESIGN

Patented ELM Developments inolude
I'REGRAME Automatic Radio Program Tuner,
Famous "Gerty" Direction Finder Loop. Sealed
%tat Holder. Home Receiver Designs.
20 South Broadway
Dobbs Ferry, New York
Phone Dobbs Ferry 4058

c1B1tJJ

THE
CONSULTING

Street

New York 7. N. Y.

Complete Engineering Service
for the
Application of Electronics to Industry
Consultation
Design
Construction
A

236 West 55 Street
New York 19, N. Y.

Kalorama Road N. W
Washington, 5. I). C.

1713

PAUL D. ZOTTU

Consulting Engineer
Television, pulse Techniques, Video
Amplifiers, Phasing Networks,
Industrial Applications
Affiliated with
MANAGEMENT -TRAINING ASSOCIATES
3308 -14th St., N.W.
Washington 10, D.

140 Nassau

RAYMOND M. WILMOTTE INC.

Consulting Engineers
Engineering Design & Development
Television Receivers-Technical Manuals
FM. Receivers-Test Instruments
A.M. Receivers-Special Problems
in all phases of Electronics
1959 Lunt Ave,
Chicago 26, III.

Industrial

489

Consulting Physicist

El. Machinery, Apparatus o Applications

Magnetic.

New York

JOSEPH RAZEK, Ph.D.

GERST & CO.

Specialists in
Electrical Product Design

Measurements & Testing
Techniques - Electrical - ElecIn

West 4th St.

E.

CONSULTING ENGINEER

Consulting Engineer

Consulting Engineer
INDUSTRIAL ELECTRONICS
High Frequency Dielectric and Induction Heating
Applications, Equipment Selection, Equipment and
component Design, Development, Models.
Newton. Mass.
272 Centre St.
C.

RIG 9240

reason of special training, wide experience and tested ability, coupled

with professional integrity the consulting engineer brings to his
client detached engineer and economic advice that rises above local limitations and encompasses the availability of all modern developments in the
fields where he practices as an expert. His services, which do not replace

ENGINEER

but supplement and broaden those of regularly employed personnel, are
justified on the ground that he saves his client more than he costs him."
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DECADE SCALING UNIT

TYPE

YYZ-1
unit offers the research

THIS
laboratory a quick and effective

means of counting the number of
pulses from any desired source. It

will prove invaluable in such
studies as:

In addition it will be found extremely useful:
For Timing Purposes
For Counting Rapidly Recurring

Phenomena
For Use in Conjunction

Nuclear Research
Radioactivity
Mass Spectography

GENERAL

with

Calculating Machines

For additional information, write:
General Electric Company, Electronics
Department, E-6411, Syracuse 1, N.Y.

ELECTRIC

184-F1

PLASTIC FABRICATING
PUNCHED AND FABRICATED PARTS, SPEED AND ACCURACY IN

TOOL CONSTRUCTION AND PRODUCTION REQUIREMENTS

BAKELITE SHEETS, RODS, TUBES

Over 20 years of fabricating experience

ELECTRICAL INSULATION CO., INC.
12 VESTRY ST.,

NEW YORK 13, N. Y.

(continued)

gestld by the authors would be regarded as unnatural. However, it is
possible that the ear and brain may
interpret the resulting effect, not as
distortion, but as the original
sound heard at a higher intensity
(nearer the one heard if one sat
in the studio or hall) than the
actual one.
I am not aware that this possibility has been explored and proven
to exist. If it does, my own
opinion, which doubts the actuality
of this possibility, will have to be
changed. But the burden of proof,
it seems to me, most certainly rests
on those who offer an innovation
and proof is lacking in the paper
in ELECTRONICS.
To my mind, the linearity of the
receiver I referred to should be

measured by comparing sound intensity where the listener is to sit
with reference to the receiver, and
the amplitude of the audio -frequency
modulation of the radio signal.
Thus, a linear receiver would almost certainly require bass boost,
particularly at low levels, because
of the relative inefficiency of electrical conversion into sound in this
range.
To restate my objection-the job
of the radio engineer is not to
"improve" upon the ear unless he
has demonstrated that the improvement will be interepreted by the
listener as an actual improvement
rather than as distortion. If we
are to hear reproduced sound at
different intensities from the original, verisimilitude, I believe, requires that the ear be permitted to
hear it as though the original were
at this lower intensity.
Actually, I doubt whether this is
an important problem : the better
the receiver, the louder it can be
played with enjoyment until, I expect, the same intensity as the
original sound will be the customary one and the problem considered
by Goodell and Michel will have
disappeared. They themselves indiiate this goál: "True high fidelity
would be indistinguishable from
the original."
HAROLD LAMPORT

Research Associate
Laboratory of Physiology
Yale University School of Medicine
New Haven, Connecticut

THE MICROPHONE was invented in

1876 by Emile Berliner of Wash-

ington, D.

C.

January, 1947
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SEARCHLIGHT SECTION 12
EMPLOYMENT SERVICE

POSITIONS VACANT
ASSOCIATE

PROFESSOR Of Electrical
Engineering. Education: M.S. degree in E.E.
with specialization in Electronics. Teaching
experience required. Industrial or military
experience desirable.
Salary $3200.00 to
$3600.00 for nine months school year depending
on age and experience. Write: Department of
Electrical Engineering, North Dakota Agricultural College, Fargo, North Dakota.
INSTRUMENT ENGINEER -Young graduate
electrical engineer. well grounded in electronic work, radio and audio frequency and
interested in applications to physical measurements. Position involving analytical studies
circuit analysis and design in support of an
active instrument section of Flight Research
Department. Replies will be held in strict
confidence. Write Employment Office, Cornell
Aeronautical Laboratory, Buffalo 5, New York.
ELECTRICAL AND Electronic Engineers
You are invited to investigate opportunities
in electronics and electrical engineering at this
Laboratory. We are organized as a department in a large college located in a Middle
Atlantic State, and are engaged in research
and development. Members of our research
staff are appointed with academic rank. Some
are teaching, although this is not a condition
of employment. P-275, Electronics, 330 W. 42nd
St.. New York 18, N. Y.
$10,000 SALARY -A 20 year old electrical instrument company in New York area desires
to permanently employ a reasonably young,
preferably married, aggressive electrical engineer. Due to a death, the position of general
manager will be open at a salary of $10,000 in
three years. Electrical instrument experience
preferred but not necessary. In reply give
complete details of electrical, mechanical.
office, design, drafting, writing experience and
education. A small photograph to accompany
first letter leading to personal interview.
Starting salary commensurate with experience.
P-276, Electronics, 330 W. 42nd St., New York

-

-

18. N. Y.

RESEARCH ENGINEERS
Progressive Midwestern Equipment Manufacturer located in
attractive town of about 70,000 has opening for
research engineers in the fields of powder metallurgy, high dielectric ceramics and glass
technology applied to high vacuum tubes.
University graduates with several years experience will find interesting activity in established
laboratory at competitive salaries. Members
of our staff have been notified. Apply P-277,
Electronics, 520 North Michigan Ave., Chicago
11, Ill.

WANTED

Vacuum Tube Engineer
Position open for production process
and design engineer. Must have experience in designing and processing
of television tubes, phototubes and related electronic devices. Must be alert.
aggressive and thorough, to work on
expansion program. Permanent for
right man. Midwest location. Salary
open.
P-274, Electronics
520 North Michigan Ave., Chicago 11, Ill.
E

WANTED

MATHEMATICIAN
Knowledge of electrical and mechanical means of
solving equations. To work on computer development with New York City concern. Additional
knowledge of servo systems desirable.

330

P-268, Electronics
West 42nd St., New York

SALARIED POSITIONS $2,500-$25,000. This
thoroughly organized confidential service of
37 years' recognized standing and reputation
carries on preliminary negotiations for supervisory, technical and executive positions of the
calibre indicated, through a procedure individualized to each client's requirements. Retaining fee protected by refund provision. Identity
covered and present position protected. Send
only name atsr1 address for details. H. W.
Bixby, Inc.; 278 Dun Bldg., Buffalo 2, N. Y.

POSITIONS WANTED
ELECTRICAL AND Mechanical Engineer.
Post -graduate work in Physics. Twenty-five
years in research and development of electrical, electronic and mechanical equipment,
materials testing, specifications and quality
control. Translating market requirements into
sound engineering and manufacturing processes. Last seventeen years In consulting and
executive capacities. Personnel policies and
job evaluation. PW-278, Electronics, 520 North
Michigan Ave., Chicago 11, Ill.
ELECTRICAL ENGINEER: Graduate with
eight years experience in Seismograph.
Acoustical and Electronics fields desires position in research and development of electronic
equipment. PW-279, Electronics, 520 North
Michigan Ave., Chicago 11, Ill.
ELECTRICAL' ENGINEER, 4 years experience
in servo -systems. radio and V.H.F. PW-280,
Electronics, 330 W. 42nd St., New York 18,
N. Y.

ELECTRONIC INSTRUMENTS Engineer desires position in N. Y. C. area or western U. S.
Age 27, single. Ph.D. degree.
Four years
experience in research, development and design
of electrical and electronic measuring and control equipment. PW-281. Electronics, 330 W.
42nd St., New York 18, N. Y.
SENIOR RADIO -Electronics Engineer. B.S.
in E.E. degree; 14 years of radio receiver
(pre-war), radar, test equipment, and special
devices, engineering and design, including
experience as Chief Engineer. Interested in
position as Engineer or in one providing business, production, or management experience.
PW-2S3. Electronics, 330 W. 42nd St., New
York 18, N. Y.
PRACTICAL ELECTRONICS Engineer: Experienced in Communications, industrial applications, geophysics. Research, design, production, service. West or foreign only. PW286, Electronics, 68 Post Street, San Francisco
4, Calif.
g,OR SALE -Radio Sales and Service business
in fast growing western city, Health and

resort area.
Well established doing both
wholesale and retail service. Owner has other
interests. FS -282, Electronics, 330 W. 42nd

NATIONAL DISTRIBUTION
For Manufacturers who make products suitable for sale to Radio, Electrical, Electronic Jobbers and Industrials. We have a complete sales
staff for national and export distribution. Reply with samples or de-

scription of product.
RA -228, Electronics
330 West 42nd St., New York 18, N. Y.

Service Manager for New York area
by well-known manufacturer of Television
Radio Receivers. Write giving experience
and salary requirements.
P-270, Electronics
330 West 92nd St., New York 18, N. Y.

experience, qualifications
and salary desired.
330

P-271, Electronics
West 42nd St., New York

AVAILABLE JAN. 1ST.

Engineer & Sales Executive well acquainted top
management, Chief Engineers Radio and Electronic
Manufacturers Mid -West and East, open for sales
managerial or regional representative position.
Twenty years experience sales, engineering, laboratory work in Radio -Electronic field.
330

RA -284, Electronics
West 42nd St., New York

18. N. Y.

SALES ENGINEER

who can work with people and get things done,
desires challenging opportunity -industrial sales or
sales engineering -electronic equipment or colnponents. Many contacts resulting from 14 years

broad radio industry experience. E.E. and business education. Age 35. Married.
330

18, N. Y.

WANTED!
MANUFACTURERS OF

RADIO AND
ELECTRONIC
ITEMS

who wish to build

fu

tore sales volume or
stabilize their business against a possible decline In domes-

tic sales.

WAITING!
highly profitable export market
parts of the world. Estab
fished clientele with long history
of satisfactory relationship.
Inquiries invited and references
exchanged.
RA -288, Electronics
330 West 42nd St.. New York 18, N. Y.
A

New England

Desires connection with high
quality manufacturers in electronic fields.
Long experience in all phases
of electronics.
MORRILL P. MIMS COMPANY
M. P. Mims, W5BDB/1

43 Leon St.

WANTED
To be

by large Eastern radio manufacturer, to work directly
with home radio manufacturing departments. Previous broadcast receiver
production essential. In addition, must have good knowledge of radio circuits and
theory. Write, describing

SALES REPRESENTATIVE

AVAILABLE

s

TELEVISION ENGINEER

Production Engineer wanted

Y.

18, N. Y.

WANTED -ELECTRONIC ENGINEER
By development laboratory of fifty-year old manufacturing concern located in western New York.
Graduate with several years experience in radar,
navigation, fire control, servo or similar systems.
Must have extensive knowledge of circuit fundamentals and be able to design circuit and apparatus for implementing broad new systems and to
carry the work through prototype and pilot model
stages.
P-269, Electronics
330 West 42nd St., New York 18, N. Y.

Production Engineer

in all

FOR SALE

St., New York 18, N.

Broadcast Receiver

SA -285, Electronics
West 42nd St., New York

18, N. Y.

Boston 15. Mass.

WANTED
To purchase or license patents
on
patentable
ideas
on

Transformers.

Particularly interested in ideas
pertaining to Transformers and
reactors for use with fluorescent lamps.
Advance Transformer Company
1122 W. Catalpa Avenue
Chicago 40, Illinois
011,
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3CM WAVEGUIDE
COMPONENTS

JOggERS-WHOLESALERS

HI-POWER PARTS
POWER
UNIT

RA58-A

QUANTlTY-BUYERS!

Westinghouse
type
2J32 (JAN.) just released. The 2J32 Is
designed for 10 cm.
operation. Rated at
300 kw feet pulse
power. Complete information supplied.
Brand new, packed
in individual protective cartons.

MID -AMERICA'S

$116
Hi -Voltage Power Supply

RA -58-A

Ideal for breakdown insulation testing, or as a
source of power for a pulse transmitter. This unit
supplies continuously variable voltages between 500
and 15,000 volts DC at 35 ma. A voltage Doubler
circuit using two 705a rectifiers and two 1 mf condensers is employed. BMS ripple voltage at maximum power is 6%. THIS UNIT OPERATES FROM
115 v/60c. Variable voltage is obtained by means
voltcircuit of the
of a Vtransfoao in the.Size
isy 2l"x1734x29" deep.h vNet
age transformer.
weight 314 lbs.

PULSE AMPLIFIER
type
Signal corps
BC409. Designed for
AC 60
115 volts.
Component
cycles.

parts worth several
times the price of this
unit. Slightly used.
Following are a few
of the items that
make up the tarit.
mfd. 4,000 W.V.xGE

tEimac i. 3-2
Pyranol condensers. 1-3200 volt 150 MA power
transformer. 1 -Varias 5 amps. General Radio type
CU 200. 1-5 volt 26 amp. fil. transformer (for 304
TLI. 1-2.5 volt 10 Amp. ftl. transformer (5000
volt insulation). 1-1 mfd. 1000 volt GE Pyranol.
1-2 mfd. 1000 volt GE
Pyranol

1-304TL

$59.50

LOW PRICES
Profits!
Your

DOUBLE
RON
000
H O LESIALE jam-packed ve
WHOLESALE
L.YpQUantI

ace
buyers.
Wt
save
Y
ulaceent._m
R10ES thatiw a few
square Ptartstelectronicsq
LOW Y
below
radio
1EVABLY
Listed
money
UMBEL
and make Yon
samPlesi

p

ell

Ìl`

'Transformer

.

98

UniversalOutput
will ßlñgle
tube,

or

11122L2 `traé.

deep,

con

each
mountinó on2;4wide,
-100
T¢sist15 hen
2Miniiñúm order
i2ooh 5ry'9G

ea.

AC-DC CHOKE

nom order-SSOC%(E.
ACORN TUBE

al:sc

ni5,Ia,m

withontacts

SANGAMO MICA CONDENSERS
$3.75
F31, .0003 mfd 8000v list $29
4.00
F3L .0015 mfd 8000v list $31
Sangamo G-4 .004 mf 20 kv
(list $110)
$25.50
Sangamo G-5..006 mf 10 kv
(list $87.50)
$19.50
Solar type SX .0015 mf 3000v list $0.05 .75
AMERTRAN PLATE
TRANSFORMER, 115
8200
60 -cycle primary.
volt -et -700 mil secondary. Size 11"x

v-

$39.95

Stud Terminais
'z WAVE RFLTIFICATION %F5111

Ma Choke.

:200v @ 150 mils.
MADE BY KENYON

egt
order

neo

75

peor 100

100

¡.J

With 8AC7's and 723 a/b
Thermistor Beads (D-170398), for use with
UHF and Micro -Wave Equipment (list @
@
$7.00) in separate sealed containers

COMMUNICATIONS EQUIPMENT CO.
Liberty St., New York City 7, N. Y.

131-E

SPEAKERS

WH 4-7658

$7.90

11:ßv

-00c/

$9.95

mmememtiestememeimsesemeff

mETER5 n,

15c
other_

éium lark.

-100

AND INSTRUMENTS

any ohm ÿcted

mum order
10WaltRESrd
Minimum

-

A

NEW C.R. TUBES

5CP1
5CP7

SFP4
5F1'7

5JP2
837

872A
705A
241B -WE

881

Approx. List

MICRO

MEGOHMMETERS
RHEOSTATS

AMMETERS
OHMMETERS
FREQ. METERS

RELAYS

3.95
5.35
4.95
7.95
4.95
6.00
4.95
4.95
13.50
1.50
2.45
6.75
50.00
95.00

Sockets for 5CP1; 3BP1,
lar types of tubes

&

5BP1 and simi$

.95

All merchandise guaranteed. Mail orders
promptly filled. All prices F. O. B. New
York City. Send Money Order or Check.
Shipping charges sent C. O. D. Send for
Flyers.

0-300

1`1A

C.
DC.

0-300
l4 244" flange.2'G"$
body, 1DO;
Boh types
0-20 MA

black mark10B

Liberty St., New York City 7. N. Y.
TELEPHONE

WH 4-7658

SURPLUS PARTS

ea.

whitelscale, each L pNAMOTORrS1te
(Minimum order
79c' and lets lietlnB

and EQUIPMENT

with

ELAYS-book tlRELAYS-Write
tor 12-Pageimore
relays.
than250,0n00
up.
2aenaac50i. and

Le, Our
come
fordyoamoto,shock'
of
Prices will
youl
PC
Be each, and 00
low pTiceal
CONDENSERSquantities
large
t
ridiculously
\V a have -all a
llsttnglual
condenser
condensers
credit
A,k for special

FREE
CATALOG

TERMS:

2rateAllwith

V ou

ápd
1

Mail orders and catalog

to More address

f4te.

Allaovouse.
gp w
Chicago

K,\0

gqutd

131-E

Lafayette St., New York 13, N. Y.

21/4" flange.

AME0.\CA

COMMUNICATIONS
EQUIPMENT CO.

VARIABLE
TRANSFORMERS

GE & Westinghouse
2%"

Your Cost

15.00
27.00
20.00
27.00
45.00
48.00
35.00
32.00
48.00
2.80
7.50
22.50
85.00
155.00

BRIDGES (Wheatstone)

VOLTMETERS
AMMETERS

119

Tube Type
3BP1
3FP7
5BP1
SBP4

.95

Silver Plated Directional Couplers with
20 DB drop with:
A. Straight wave guide section 6° long....@ $3.95
B. 15° bend in wave guide 15°
5.90
4.75
C. 30° bend in wave guide 10° long
D. 90° bend in wave guide 15" long also
6.50
90° bend in coupler
E. Six -Inch section silver plated wave guide
with 90° twist
2.95
F. 2% foot silver plated with 90° bend
(2° radius)
5.50
G. 150° bend, with 90° twist 534 radius
with pressurizing ripple and coax coupler
3.95
234 ft. wave guide sect. 3cm choke and
4.75
cover
1.75
5 ft. wave guide sect. 3cm per foot
Alf merchandise guaranteed. Mall orders promptly
tilled. Alt prices F.O.B. New York City. Send
Money Order or Check. Only shipping charges sent
C.O.D.

Alnie
Usual
order-100
2.175 Alnico
coll.lese output
Minimum r gpeaker with 2.
ea.
0e Alnicor^iimam order.
3of
V elftg.
it.
with 4
100
Set conductor Tab A
lack
Plug
PL 6ß PLUG
1e with FL -68 open
cab
covered end and 3-waY
each
end. M`aine

16.50

CM WAVE GUIDE SECTIONS

3

om'$137 eä

HI-VOLT TRANSFORMER

2.6 Hy 800

ceramic socket M I

Low, lose

The 2132 is listed at $200.
OUR PRICE
$25.50
3131's just received. One cm magnetron
listed at $95.00 OUR PRICE
$20.00
2.98
1B24 T-B tubes
3CM. Duplexer using 11324
$ 10.00
KLYSTRON oscillator tubes 2K25/723ab,
designed for 3cm. operation. New. Packed
individually. Listed at $38.00, reduced to $ 7.75
30 me oscillator -amplifier with 2 6ACTs. Uses
723 a/b. Waveguide input, xtal detector
With 6AC7'a
$10.00

- oeptrequests
G 17
-

air

L

seen nothiti
ßtorin M

atnush S

ll

AMERICA úñdreds
ot haTdIoB Ilsti
nd hand m,(s trans
AT
io-BeLradloD_ALLO\\'
mlttere, .eCtÁBLE

VNBEA,

55,000

Sq.

Ft.

of Government -owned elec-

parts end equipment. All material
inspected and tested; backed by usual 90-day
tronic

manufacturers' guarantee.

Sorry, no retail sales; all purchases against company orders only.
COMMUNICATION MEASUREMENTS
LABORATORY
Central Agent for War Assets Adm.

DISPLAY

ROOM:

Main Office:

120

350

W.

40TH

ST.

Greenwich St., New York 6

manor llllll

BEST QUALITY, USED

ELECTRON TUBE MACHINERY
Equipment for the manufacture of all kinds of
electron tubes, radio tubes, incandescent lampa,
neon tubes, photo electric cells. X-ray tubes, etc.

STORE
S. MICHIGAN AVE.
CHICAGO 16, ILL.

111101( 2412

WAREHOUSE

2307 S. ARCHER AVE.
CHICAGO 16

ILL.

AMERICAN ELECTRICAL SALES CO., Inc.
65-67 East 8th St.
New York, N. Y.

January, 1947
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PORTABLE A. C. AMMETER

PORTABLE A. C. VOLTMETER

Weston Model 433
0-150 volts, Accuracy within Y4" Hand
Calibrated mirror scale 4.04" long with

pointer.
Moving iron vane type completely
shielded from external magnetic fields,
Dim. 5"x6"x3/". Ideal for production
Industrial testing and as
control.
laboratory standards. These meters
are only slightly used and in perfect
condition. They have been laboratory
checked against Weston 326, Primary
Reference Laboratory Standard and
are within the accuracy guarantee of
new instruments. (Full money back guarantee if you are not completely
The new List Price is
satisfied)
$44.00. Your cost

Surplus New
WESTON MODEL 528

150 scale divisions, knife edge

ONLY 519.00

F.O.B.-N.Y.

Dual Range 0-3 Amp. and 0-15 Amp. full
scale for use on any frequency from 25 to 600
cycles. The ideal instrument for all commercial, industrial, experimental, home, radio.
motor and general repair shop testing. Comes
complete with a genuine leather, plush -lined
carrying case and a pair of test leads. A very
convenient pocket sized test meter priced at
less than 50% of manufacturers litt.
$12.50
Your cost ONLY

FREQUENCY METER
Westinghouse "DY" 4h8" Round Case. Projection Mounted
50-70 Cycles 115 volts. Accuracy within 1%. The 3.6" Scale
with 40 divisions is easily read from a long distance. Electric Dynamometer movement. Complete with external reactor. List Price $97.00. Your cost

A. C. VOLTMETER
Westinghouse "HA" 5/" Square Case. Projection Mounted,

0-150 Volts, Accuracy within 1% 5" Scale with 30 divisions
easily read at a distance. Ideal for production or any type
of job where a constant critical line voltage must be maintained. List Price $37.00. Your cost

ONLY $14.50

ONLY

F.O.B.-N.Y.

F.O.R.-N.Y.

522.50

Surplus New Panel Meters
AU

meters are white scale in round, flush, bakelite cases, unless specified otherwise.
Add sufficient money on parcel post orders, excess will be refunded.

W.H., NX-35, 3/", 0-200 V, 1000 r/v
mtd on 45 degree metal angle
$6.00
Marion, 2/", 200 microamp undamped
panel
mvt., spec. sc
$3.50 Western Electric, 3/", Concentric Style,
$3.00
0-75 volt D.C. 1000 r/v
W.E., 3/", concentric style, 0-200
microamp
$4.00 W.E., 3/", 500 volt, 1000 r/v Concentric
$5.00
Style
G.E., Do -41, 354", 0-500 microamp mvt.
scale 20 K.V., comp with paper
V -O -M.A. sc.
$4.95 RADIO FREQUENCY AMMETERS
Weston, 425, 3/", 0-500 M.A. R.F $7.50
G.E., DW-44, 2/", 0-1 A.R.F. Black
D. C. MILLIAMMETERS
MICROMETERS

.

G.E., DO -53, 3/", square, 20 M.A $4.95
Simpson 25, 3/", 5 M.A. movement
Zero Right Scale
to 100 caption
"DB" above 1 Microvolt
$3.00
Weston, 3/", 0-1000 M.A.
$4.50

-6

D. C. VOLTMETERS

scale

Weston,
A.R F

G.E., DW-44,
scale
W.H., NT -33,
scale

2/", 0-4
2/", 0-9

Surf

Mtd,

$3.50
0-3
$9.50

G.E., AW-42,

2/",

$2.95

Amps R.F. Black
$2.50

MARITIME SWITCHBOARD
-January,

Weston,
3/", A.C., 3 Ampere movement scale 0-120. Comes complete
with external current transformer, by
simply adding primary turns to the
transformer any or all of the following
ranges may be obtained 1.2, 6, 12, 30,
60 & 120 Amperes.
Simple Wiring
diagram furnished shows how to obtain any or all of these ranges....$7.50

0-10 V.A.C

SPECIAL METERS
Weston, 301 Power Level Indicator, 625
Microamp 1.2 volt A.C. mvt., self
cont. rect., blank sc

$6.00
0-150 V A.C. Rectifier
Type, 1000 r/v A.0
$6.50
J.B.T., 3/", Frequency Meter, 58-62
cycle, 5 reed
$4.00

Weston, 301,
$3.95

W.H., NA -33, 2/", 0-15 Volts A.C.
Black scale marked 600-800 cycles cali$2.50
brated for 60 cycles
W.H., NA -35, 3/", 0-130 volt A.C.
BLANK scale except with a red refer$3.00
ence mark at 115 volts
$5.50 Weston, 517 2/", 0-300 Volts A.C $6.00

r/v

A. C. AMMETERS
476,

Amps R.F. Black

A. C. VOLTMETERS

G.E., DW-41, 2/", 15 volt Black scale,
15 markings, No Caption
$2.50
W.H., NX-35, 31/2", 15 K.V. comp with
1000 r/v ext prec resist L.P....$210.00
Your cost
$21.00
W.H., NX-35, 3/", 0-200 V, 1000

ELECTRONICS

4/",

640,

G.E., AO -22, 3/", 150 volt
$5.50
Weston, 517, 2/", metal case 0-150 Volts
A.C., scale marked 400 cycles, accuracy
$2.50
within 3% on 60 cycle

Worth. 4-8217.

3/",

G.E., miniature, 1T/z", square, 1 M.A. 100
ohm mvt, 10 divis sc, bk sc.
$2.75
Marion, 2/", ring mtd "S" meter made
for National Co. 1 M.A. mvt scale
"1-9 S units 0-40 D.B. above S 9" $3.50

336 Canal St.. N. Y. 13. N. Y.
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SPECIAL BUY IN

Selected Government Parts

TRANSFORMERS
PLATE TRANSFORMER

from Wells' Vast Stock!

Value
$150

MICRO SWITCHES

SPECIAL

We can make immediate delivery of a wide variety
of Micro -Switches, G.E. Switchettes, Acro, C -H
and MU. Prices are well below the market. List

$39.95
Immediate
Delivery

upon request.

CT -700 mils, 110 V. 60 Cy. tapped
primary 2 KVA Amertran. size 11"x14"x10".
Weight 150 lbs. Freight prepaid to any Dart of the
Continental U.S.A.
We also carry a complete line of electronic and
6200 Volt

VOLUME CONTROLS
Send us your requirements on volume controls. Our
stock consists of the most popular makes in values
from 100 ohms to 5 megohms. New list ready.

communication equipment. Send money order or
check. Write for our latest bulletin I B.

Write or Wire to

NIAGARA RADIO SUPPLY CORP.
160 Greenwich

St., New York, N. Y.
BOwlingreen 9-7993

BATHTUB CONDENSERS
All famous makes of oil -filled bathtub condensers
Single and
are represented in our huge stock.
dual types range from .05 to 4 Mfd. at working
voltages from 200 to 600. Write or wire for list.
guaranteed to be of top qualify
and our prices always represent definite savings. Our engineering staff Is qualified to suggest substitutions If necessary.

All material

is

Chicago l.1, Illinois

PRECISION

SALES
V.H.F. Connectors, type N, coaxial:
UG21U .. $.75
UG58U .. $.75
UG27U
.$1.00
M359 .... $.50

Sound Pressure Meter
Available

Television Transformers, 115v 60
cps Sec. 5500v 3 ma, 2.5v 3a, 6.3v
a
$9.75
Measurements model 78B, R.F., Sig-

Almost new, in perfect condition. Consists
of one Western Electr'c Microphone -Head

640 -AA and all associate equipment.
Ideal Instrument for acoustic research or
precision product_on testing.
Calibration chart and instruction book
supplied, also drawings tor various artificial ear couplers.
Price: $550.00 f.o.b. New York

1

nal generator, 15-25 Mc and 150230 Mc, good working order
$45.00
3" Radar indicator scope, ID -93/
APG-13A complete with 3 BPI
and 9 tubes, black crackle finish
case, new, 115V, 400 Cps
$25.00
Radar receiver BC 406, 205 mc, 15
tubes, 115V, 60 cps
$25.00
GE pyranol capac'tors:

Pnr drloilyd iujurntrrlinn nnd Photo ucrilc to

mfd, 15000
mfd, 4000
.25 mfd, 4000
.15 mid, 4000
.05 mid, 1500
.05 mid, 2500
1

3:ID

2

micro-micro'arad, 500 V. dc
IN 23 B diode crystals
Write for bulletin

10e

FS -273. I°.leclronios
New York I8. N. Y.

Wüst -I:mi St.,

each

70i each

64
45
24

Sheets 3/a"
Sheets 1g"
Sheets 38"

36" x 48"
x 381/2" x 48"
x 25" x 36"
x

SELSYN GENERATORS

Panel & Portable Meters

5G, 6G, 7G. A.C. Motors 1/25, 1/40
H.P. 110 V. Other Surplus Equipment

Microammeters:
50-100-200-500 microamps. High
Resistance
Voltmeters Vacuum
Thermo -Couple Meters 31/2" &
41/2" Round & Rectangular
Multirange Portables:

at Low Prices.

D. C.

Precsion
146

Electrical

Grand Street

Instrument
New York

13

Co.
N. Y.

FN -2N7.

i

I\

New 1",rl:

N.

Y.

SLIDE RULE SHORT CUTS
Positive Location of the Decimal Point

EASIER AC and DC calculations QUICKER
NO OTHER SLIDE RULE TEXT LIKE IT
x 9

536

RECEIVER
HRO-5T; BRAND NEW

Includes

coil sets 50 to 430 Kcs, and 480 to
30,000 Kcs. Complete with tubes, two power supplies (110/220 volts A.C. and 6 volts D.C.). also
spare parts and tubes.
Immediate Delivery. Price .$200.00 each
MASPETH TELEPHONE & RADIO CORP.

427

9

Flatbush

Ave

Ext.,

Brooklyn,

N.

Y.

15°%

deposit required on C.O.D. orders.

INTERNATIONAL RADIO & SCIENTIFIC
P.O. Box

18.

CO.

Station G, Brooklyn 22. N. Y.

FOR PROMPT ANSWERS

to your business problems

The

SEARCHLIGHT SECTIONS
(Classified Advertising)

1?Irrti.nirn

uuin, n'ui uu,i""m,n'n"nniumn.

6

Two Universal Coil Winding Machines.
Type #84B (two coil machines) Complete with Motors. Perfectly New.
Less than the former O.P.A. Price.
FS -272, Electronics
330 West a/n,l SL, New York 15, N. I.

make change add $2 to above prices.

Special Values

microamps. full scale

STEVENS - ARNOLD CO., INC.
22 Elkins Street,
So. Boston, Mass.

Brand new, General Electric, model 20-N, 20 -N -I.
For 28 volt DC $89. Equipped for 110 volt AC $117,
Extra I hour spools of recording wire $3. Recordings can be erased from wire any number of times.
Includes instructions for simple change for playback through radio or amplifier. If you wish us to

NORTHWEST PROCUREMENT & SALES
Portland 9, Oregon
107 N. W. Couch St.

SHREWSBURY, NEW JERSEY

10

Suitable for small wire wound coils
or equivalent

MAGNETIC WIRE RECORDERS

FOR SALE

MICARTA PLATE
Westinghouse GR -219

ELECTRO -IMPULSE LABS.

readings from

154-1

Immediately Available

SURPLUS EQUIPMENT

$25.00
WVDC
WVDC
5.00
WVDC
1.00
WVDC
1.50
WVDC
25
WVDC
1.50
Button silver m°.cas, 50, 400, 500

IMPREGNATOR
Barrett Centrifugal Impregnator
in original crates

WELLS/
SALES, INC.

1717 West 3Isslison 1t-- I/epf. E-1

FOR SALE

Inches: decorative cover

12

pt. type.

Second Edition -$1.50 postpaid

W. P. MILLER
F" Street, San Diego 1, California

American Machinist
Aviation
Business Week

Bus Transportation
Chemical & Met. Engrg.
Coal Age
Construction Methods

Electrical Contracting
Electrical Merchandising
Electrical World

Electronics
Engineering G Min. Jour.
Engineering
News -Record
E. G M. J. Markets
Factory Mgt. G Main.
Food Industries
Power

Product Engineering
Textile World

For advertising rates or other information address
Departmental Staff

McGRAW-HILL PUBLISHING CO., INC.
New York, N. Y.

January, 1947

272

www.americanradiohistory.com

-

ELECTRONICS

"TAB"

NEW GUARANTEED

AS500045

Constant Impedance Rotary Beam Coupler
Pri. Transf 230V, Sec117/112/103/93V/7A
Auto tran GE 115/160/170/180V/1.95amP
10Hy100ma200ohm 95e; 10hy200mal00ohm
Hi -Imp S.C. Headsets with 8' cord & plug
S.C. Key with 6' rub cord & PL55 Plug
Resistor 1750ohm/25watt tapped at 7500, 3 for
Resistor 100000ohm/4owatt, Two for
Kurman 1000cy hummer op8-8V DC ($9)

"/a%.

3.25
.75
1.00

1.00

.97

2000*

4000

4300*'

7950°

10000

15000

30000t

75000

100000

140000

147000

166750

201000

229000

250000t

950000t (Rest1%)

B

Amplifiers.

1.89

1500

Wire250000 204000
Precision
Wound Resistors,
IRC, ShalIoralloross,353500 400000
Mepco, Inst. Res.458000 478000
for 500000 700000
Ohmiritedges,
Co.,ers.
Met

.97
3.95
I9.95
2.05

7500
17000

I

Megohm

3

422000
THREE for $1.50
THREE for $1.95

I%acct' THREE for $2.45

$1.00
Switch GE Toggle D.P.D.T. 3A/125V, 3 for
.49
Switch AH&H 10Amp/125V DUST Rotary ($5) 1.00
Rotary
250/125V
60A/600V,
AH&H
Switch
.49
Switch Burroughs 8CKT 15Amp/150V Rotary
1.75
($7.50)
Switch Multi -gang 2Pole/5Pos six gang gang
.75
Switch Multi -gang 1Pole/11Pos three
Switch Multi -gang 1Pole/11Pos two gang ($2.50) .59
.79
Switch Multi -Ceramic 3Pole/3Pos two gang
.89
Switch Multi -Ceramic 2Pole/5Pos two gang
.89
Switch Multi -Ceramic 1Pole/12 Pos one gang
.89
Switch Multi -Ceramic 3Pole/3Pos two gang
.69
Switch Door Interlock GE 7460330-G4 ($1.50)
TBY new Vibrapack & storage battery. Willard
3`'/375
4V/40AH: Vpack output 156V/30ma,
$9.95
ma, 1.5V/200ma, 7.5V/20ma & manual
WSTGHSE RECTOX FW Fleet 12.8V/1.3 Amp 3.40
1.95
Dynamic mike & trans( to G new
Condenser WE oil 16mfd/400WVDC Two for for 2.45
1.00
5
bathtub
oil
0.5mfd/600WVDC
Condenser
"

IF

YOU DON'T

WRITE

"TAB"

SEE

FOR

99

CATALOG

IT

*

';
;

Mult.

Transi Hmt'clly cased pri 50/800cy80/115V
See 1000VCT&300V/I¡Orna, 6.3V/5V/3A, Three
6.3V/.65A. 6.3V/1.25A & Two H'cased chokes
10Hy/110ma & Two oil condsr 3mfd/330VAC/
I000WVDC Pyranol & RK60/1641 Tube..$9.95

KENYON T-216, 115V/60ey, 1040VCT&80V/250
ma 5V/3A, 2.5VCT/3, two*6.3VCT/3A cased' 7.00
Transf 115V/fOcy-5V/25anip H.V. insl. cased. 6.95
Collins choke 6Hy/1.2amp/12500Vwkg cased...16.00
C'Ray Ill 6.3V/2A, 2.5V/1.75A shielded HY.. 3.00
Bias trans( 90, 80. 70Vatlamp Cased GE
2.95
MICRO Mu -Switch Leaf S1'DT 15A/125V, Two 1.08

WESTON MODEL 796

Portable lnfelation tester & megohmefer

GE DNI Min. 554" MTR Onezna/100 ohms
WSTGHSE DUAL AN IND 200mlcroamp
GE 2.5&25ma zero ctr Galvo 32,4" B'C
SIMPSON ONE MA 31/2" B'C Type 25
WESTON 476 SQ 3" B'C 15VAC ($10)
WESTON GE 10plus6DB 500/600ohm L
WESTON 301 meter 10KV/1000ohmsV & Mult
EICOR DC DYNAMO.
TORS NEW Gt'd overseas
packed ANinsp. Hi-eff
input 12V/8A or 24V/
4A, output 275V/110ma
&
12V/3A.
SPECIAL
EACH UNIT $1.95 OR
Both units (2) with ill ter $3.49: Wet. 9 lbs;
7%" L x 234"H x 414"W.
Each unit conservatively
rated. Can be used on 6V. ALNICO Field.

1.60

3.95
3.50
2.95
8.95
2.95

4.50
3.95
3.95
4.25
3.95
15.00

Phantom Antenna new with manual contains
MILLEN 12515 Variable Condsh. 150mmf/3000V & 2
W.L. plaque 12ohm/40W resistors, cont. in metal
box, cables, clamps & spares "TAB" SPECIAL.$1.95
Control KIT type ABJ; 50tobneg: 10 for
$2.50
Condor KIT Qty silvermicas; 50 for
$2.00
Resistor KIT 100 BT% & 1W; 50to2meg
$2.50
SOCKET OCTAL Amphenol 785 micalt (18f)
Spaghetti KIT assted sizes 80ft for
$1.00
SOCKET LOKTAL MIP 88-8X (204) 20 for
1.50
SOCKET OCTAL CERAMIC 498S-8 (45$) 15 for 1.50
SOCKET OCTAL CERAMIC & SADDLE RING
CINCH 10 tor
1.50
SOCKET MAGINAL CERAMIC 49-SS11L
.49
SOCKET DIHEPTAL CINCH MICA B' ($5)
.49
SOCKET ACORN HAM'LUND UHS900 ($1.25)
tour for
1.00
SOCKET 4 PRONG JOHNSON 224 CERAMIC
MOO) 4 for
$1.00
SOCKET 5 PRONG NATIONAL XC-5 CERAMIC (80f) 4 for
1.00
SOCKET 50Watt GE HF AN INSP 2 for
1.30
SOCKET 304TL JOHNSON 213 ($1.80) each
.85
SOCKET 829B JOHNSON 247 ($2.05) each
.49
SOCKET HUBBEL 15A/125V TWIST LOCK
7588 Five for
2.00
SOCKET MINIATURE BAYONET DIALCO
.15

EXPORTERS * * DISTR'S
A CARLOAD
BUY THE TAB WAY-THE PRICE IS RIGHT
MFGR'S

*

*

ONE OR

IS

FREE

Condenser GE PYR .45 mfd/1000WVDC; 4 for $1.00
1.00
Condor oil bath -tub .05mfd/1500WVDC; 4 for
Condor oil bath -tub 2X.1mfd/1500 W VDC. 3 for 1.00
1.00
Condor GE Pyr 0.1mfd/2000WVDC, 2 for
1.25
Condor Avx oil 0.1mfd/3000WVDC, each
198
Condor Ave oil .03 mfd/7500WVDC, each
.75
Condor RF 25mmfd/10.000V wkg new 3 for
4.50
2lor
Condsr CD oil
1.50
Condor Olmfd/ 500WVDCttbularC Ten for
for .95
Condsr. 01mfd/600WVDC molded type Ten
1.20
Condsr 102mfd/800WVDC tubular oil Ten for
1.00
Condor mica .01mfd/2500V ($3.401 2 for
3.95
Condsr mica .001000V eff
3.49
Condsr mica .00015 /5000 AVX 9b06AR$ ($291
4.50
($42)
02
Sang
.0003/10000
Condsr mica
7.50
Condsr mica .00015/20000 Avx1970-404 ($74)
.97
RF Choke 85M11 HAMLUND ($3)
1.20
RF Choke 25031R HAMLUND ($4)
.90
RF ChokeIMH/300ma National 3 for
Pulse Transf 0.4MUsec Boric. BTO Television 1.49

G&P tube grips NATIONAL #8&24% & 1/2"
$1.00
caps 50 for
G&P tube grips ALDEN 92SL & lead wire
9/16 cap 20 for
1.00

NAVY termination. Tests Insulation &
resistance up to 200 megohms, test potential

New

350 to 500 VDC. Resistance 0-20-200 megohms .5 & 5 megohms center scale. 4" sq.
50 micromampmtr less batteries, test leads
& carrying case (LP$100) $16.95 with carrying case $24.75: Parts for 500 V -AC supply
$9.

Transf line to line 500, 333, 250, 200. 125
50ohms . 1DB Cased Thermador mfgr
115Y/60cyP, 1480V/50ma, 6.3V/1A, 5V/2A
RF Choke 20M1-1/500ma Hamlund
Fil TR. 2.5V/1.75A, 6.5V/8A, 5V/3A, &
RK60/1841

1.95

4.95
1.25

4.50

Baked

GR Varlac 2000U/860 watt with D & K.$14.95
GB Varlac 2006/170 watt
9.95
Transtat 88-132V./18.2 Amp. -110 V. inpt 29.50
SOLA Constant Voltage Transf. 250 watt 19.00
SOLA Constant Voltage Transf. Lab. 60
watt
15.00
Raytheon cased 840VCT/110ma, 540 VCT 21ma,

5V/3A,

5V/3A, 6.3V/1A. 6.3V/.6A, 115V
Pri & Two 10$T/110ma hmt'cly cased
chokes & oil condor Two/2.5&5mfd
8.95
TIIERMADOR transi cased SC cont duty, PRI
200, 210, 220, 230, 240. 440V/50/60cys, Sec
3870VCT/6K/2.7amDs ($365)
45.00
60 cc

V

OHMS

0-3

1000
10000
100 M

0-10
0-30
0-100
0.300
ELECTRONIC
SC.

1-107-F

1

Meg

10 Meg

VOLT -OHMMETER Ilmeg SENS
PRECISION UNIT SPECIAL
VTVM Loctal tube ILE3/SP

NEW

$24.60. Additional
S.C. $1.15.

Min.. order FOB' N.Y.C. Add Postage all orders
and 25% deposit. W Hitehall 3-3557. Send for catalog 300. Specialists in International Export, School,
College & Industrial trade. Money Back Guarantee.
$2

-

LITTLE FUSDS 3AG/250ma (LP25f) 48 for.. 1.00
CORD SJ Hvy Duty Extension 16ft with
Amphenol M&F plugs
1.00
Punched Chasis Two sizes fits R.R. 2 for
1.00
HEINEMAN 0322 Mag. Ckt. Breaker .010amD
.97
HEINEMAN 0322 Mag. Ckt. Breaker 3amp
.97
HEINEMAN 0322 Magnetic Circuit Breaker
8

&

25amp

HEINEMAN 0322
Breaker 15amp

DP

Magnetic

Circuit

2.95

3.95

WESTINGHOUSE
3PH
DE -ION
Circuit
Breaker 15A/600V
7.95
GE Adjustable temperature regulator switch
CR2992-R1
7.95
AIR FILTER FIBERGLASS CART' 8 x 634
x v/a": 3 for
1.00
2.00
9002 JAN new boxed (2.25) 2 for
RCA 808 JAN -CRC New Gt'd, Fil
7.5V/4amp, plate 1500V/200 Watts
Rated 140 watts output each "UHF"
(List $7.75) "TAB" price 62.75í61.
2 for 55.00.
$2.50
GE & WST 807 JAN 2 for
1.25
GE & RAY 955 JAN 2 for
956, 957, 958A new & socket ea 1.25
RCA 6AC7 JAN/BOXED new
3.00
4 for
5.75
872A new & socket, 2 for
1.35
6116 Metal JAN Boxed. 2 for
1.75
6B8G JAN Boxed, 2 for
NU SVIG JAN HV 16500V ($3 40) 2 for
GE 446A/2C40 Lighthouse tube ($12) 2 for
RCA 829B/3E29 JAN Boxed Gtd & socket

1.50

12.00

4.50

WE 307A RF PENTODE NEW (LP513)
$5.95
6.95
WE 339A RF PENTODE NEW (LP$24)
5.95
WE 703A ITCHY 20Watt/1000Mc's ($40)
1.95
WE 717A Door Knob tube new ($7.50)
1.95
2028 JAN New CUBE (LEM) Boxed
7.95
RX215 Raytheon new FW 500V/15amD
1.95
GE1841/RK60 new FW H.V. Rect ($2.75)
9.95
5BP1 or 5BP4 new gtd & socket, each
1.30
1625 JAN new beam (S'807) Boxed 2 for
1.90
RCA VR150 JAN new (LP$3.80) 2 for
1.10
RCA 30 Box JAN (LP$1.50) 2 for
2.50
RCA 1E70 JAN (LP$3.50) 2 for
2.49
RCA 6J4 JAN UUHF (LP$9) each
1.30
3A4 Tungsol JAN new (LP$2.30) 2 for
1.50
6AG5 JAN new boxed RCA (LP$3.20) 2 for
1.60
6SN7 JAN new ($1.80) 2 for
5CP1 JAN & SOCKET $7.50: 3BP1 JAN &
3.95
SOCKET

Dcpf. IL. Six Church Street, New York 6, N. Y., U.S.A.
-January,

$1.25
.54

SC A27

9S -3931-L90 each

*

CRYSTALS NEW GUART'D IN
FT243 HOLDERS ACTIVE OSCILLATORS. GOOD DOUBLERS &
TRIPLERS. "BT" cut 2cys per deg
$3.00
C per Mc. Four for
6250 to 6750 (6MTR1
8797 to 6863 (11MTR)
7000 to. 7425 (40, 20. 10MTR)
8335 to 9000 (8MTR)
OTHER FREQUENCIES AVAILABLE
$7.20
lOcys
Crystal Std 100kv
5.95
lOcys
Crystal Std 200kc
1.90
Crystal Std 5000kc
Dual socket CINCH Mica B'.
2 for $.25

:ELECTRONICS

.'

IT

Condenser GE Pyranol lmfd/500WCUC 8 for..$1.00
Condor oil lOmfd/600WVDC (2/2.5&5mfd) 2 for 2.50
Condor oil Aerovox 20mfd/600WVDC (1-2-4-54.95
8mfd) 2 for
Condor GE Pyr 3mfd/33OVAC/1000WVDl' 2 for $2.50
Condor GE Pyr 15mfd/330VAC/1000WVDC each $2.95
4.25
Condor Avx&Wst oil 2mfd/2000WVDC 2 for
5.00
Condsr Avx&Wst oil 3mfd/2000WVDC 2 for
Condor GE Pyr 7mfd/660VAC/2000WVDC 2 tor 7 00
7.10
Condor oil 30mfd/600VAC/2000WVDC @
10.00
Condor Wst Ineerteen 2mfd/5500WVDC @
25.00
Condor Wst Ineerteen 2mfd/12500WVDC @
75.00
Condor Wst Ineerteen lmfd/25000WVDC @
.79
Condor CD oil TLA 2mfd/600WVDC 2 for
1.49
Condor Avx oil TLA 0.5mfd/1500WVDC 2 for

teTAU9

\\.

Hmtelly Cased choke 10HY/125ma/175ohm
$1.29
GE Dual 15HY/SSma choke cased H.V. rosi
1.49
WE ouncer Min PP/P to PP/G input KS9929 1.20
EDISON Time Delay Relay 115V/10Amp
1.49
WE PP inpt & PP driver transfs 6V6/805
6.95
Kenyon Dynamic alike to Grid Transf
1.95
WE Dynamic microphone D -17334D -A
9.95

333500

402000

Sl'ALS boxed sealed IN21-22-23, 3 for..
E. Crystal boxed sealed 1N26 UUHF-1CM.
ii;(' PRECISION 1KV/one nteg2% Hnit'cly.
2,4^
oneamp ItF
I: MeSfeterter '222" BB'CC fiveantp RF meter
U?: Meter 21/2" B'C one milliampndr
GE DW41 22,4" B'C 2000V/1000ohmsV &
''.r I.

Raytheon 8 6 6 A
filament transformer 115V 60Cy PRI,
2.5VCT 11A see
and Two New GE
866A tubes ..$5.90
with Insltd caps &
224 sockets .. 7.00
Raytheon Transformer only .3.25
Combination 872A.
Rectifiers. Transformer & Sockets
new
$12.00

for $1.00

314000

ELECTRONIC PARTS

That's A Buy

91.45
DAVEN Attntr. "L" 5000rhm 0.5DB/10p
DAVEN Attntr "POT" 50,000rhm 60DB/30pos 5.90
DAVEN attenuator "T" 600/600 30DB/10Dos 4.95
DAVEN 13 circuit switch 2SPDT/3SPST/SP3P .79
FRIEZ BAROMETRIC Variable 140000011m

"TAB" SPECIAL

e
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SHOWING

Basic

testing . . . spotting t h e
"bugs" of stress and strain .. fosters bettered products and lowered
costs in your new postwar lines. All-

EN GINEER

MODEL 100VA

.

VERTICAL
ACTION

Americans have uniform acceleration -deceleration, besides control at
fixed cycles of vibration. An inspection and research favorite. Write for

Catalog

BOOKS

UNDERSTANDING
MICROWAVES

600 to 3,300
vibrations per
minute
automatically

F.

(Chapter Heads)
The Ultra

High Frequency Concept
Stationery Charge and its Field Magnetostatics . Alternating Current and
Lumped Constants

Transmission Lines

Poynting's Vector and Maxwell's

Equations . Waveguides . Resonant
Antennas
Microwave
Cavities
Radar and CommunicaOscillators
tion
Section Two is devoted to descriptions of Microwave Terms, Ideas
arid Theorems. Index.

400 PAGES

10 to 55 cycles per second,
automatic with automatic acceleration and deceleration.
10 to 60 cps, manually.

A -C CALCULATION

Load capacity 100 lbs.; other
models 10 to 25 lbs. capacity.
8 models to choose from.

CHARTS
will find this book
invaluable. Simplifies and speeds
work. Covers all AC calculations
from IO cycles to 1000 megacycles.
Student engineers

ALL AMERICAN

QUICK

Tool & Manufacturing Co.
1014 Fullerton Ave., Chicago

DELIVERY!

160 PAGES

JOHN
(14)

EXPORT DIV

PERMANENT MAGNETS
Alloys:

COBALT

CHROME

ALNICO

of permanent magnets is
an alloy, too ... of experience, engineering, facilities. We'll be glad to
tell you more. Write for bulletin.
The making

CIO&

Thomas

E.

4%

Skinner

THOMAS 8 SKINNER STEEL PRODUCTS CO.
23rd St., Indianapolis 5, Ind.

F.

PRICE $7.50

RIDER, Publisher, Inc.

404 FOURTH AVENUE. NEW YORK 16. N
13 E.

1116

PRICE $6.00

Y

ROCKEINTERNATIOMAL ELEC. CORP
CHILE ARIAS

40TH STREET. NEW YORK CITY

Tired...
of thumbing through
files and folders for information on product

sources and product
specifications?

Use the 1946

electronics
BUYERS' GUIDE

METAL AND
PLASTIC

e7

nedtggit

SPECIALTIES

STAMPINGS
SCREW

MACHINE
PARTS

You'll find informative,
catalog -type copy of
leading manufacturers
of electronic compo-

INSTRUMENT HOUSINGS

nents, equipment, and
allied products in this
convenient, year 'round
reference book.

-CHASSIS

service
and dependable
Experienced fabrication
Seed
pons.
electronk
types of rodio and

and don't forget

for all
us

cesototion.
specciflcatioes for
your diawings and

`;

'--

STAMFORD METAL SPECIALTY CO., 429 W. BROADWAY, N. Y.12
?/(.t41 ?f/etsf

ea

WATCH FOR THE
ISSUE
.
COMING JUNE 15th
TO

1947-48

..

gvety Dcaceittiee
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AUDAX has mastered wide -range
so thoroughly that, today, even the
lowest priced MICRODYNE has a
range to 7000 cycles-(other models
over 10,000 cycles). True,
wide range snakes for naturalness but,
is highly objectionable if without quality. For example, of two

-

-it

singers, each capable of reaching
high C, one may have a pleasing
voice-the other, not at all. It is
the same with pickups. To achieve
EAR -ACCEPTABILITY, all other
factors must be satisfied. Of these,
VIBRATORY-MOMENTUM is most
important. The only way to test
EAR -ACCEPTABILITY of a pickup
is to put it to the EAR -TEST. The
sharp, clean-cut facsimile performance of MICRODYNE regardless
of climatic conditions-is a marvel

-

to all who know that EAR ACCEPTABILITY is the final
criterion.

Audax
!

RELAYED -FLUX
TRAnF,MARK

Send
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A Complete Complement

of

RCA

Miniatures

for Auto Radio Receivers
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RCA now has complete miniature complements for the
design of auto receivers for both broadcast and FM
bands. These tubes have the advantage of permitting
considerably reduced receiver size, making particularly feasible the location of the receiver on the dashboard. For the FM band, they have the additional
advantage of providing superior performance over
most metal and glass types because of their lower
inter -electrode capacitances, reduced lead inductance,
and 16w -loss button -stem bases.
It is expected that the 6AT6 will be used in sets having a single 6AQ5 output tube, while the 6BF6 will

6F

60
64

/

mlfe

I

S7

S7
S7
S7

66
65

preferred as a driver for two 6AQ5's in push-pull,
class AB operation. Fob receivers including the FM
band, it is expected that the complements will be the
same except for the addition of a 6AL5 miniature twin
diode in the discriminator circuit.
RCA tube application engineers will be pleased to
consult with you on the utilization of these or other
RCA tube types in designs you now have under consideration. If you desire this service, or complete
technical data on the miniature tubes illustrated, write
RCA, Commercial Engineering, Section D -6A, Harrison, N. J.
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Small size and proved superior
high -frequency performance of
miniatures permit design of
dashboard sets for broadcast
and FM bands
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Chosen by these famous makers of

quality projection TV receivers

ANSLEY

FADA
PILOT

EMERSON

FISHER
SCOTT

STEWART WARNER

INTERNATIONAL
TELEVISION
BRUNSWICK

and others soon to
PROTELGRAM is

be announced

the result of nearly

fifteen years of research by the world's

greatest electronics laboratories. This scientifically designed, optically correct projection system
makes possible, for the first time, a life-size distortion -free picture of nearly 200 square inches (20"
diagonal) ... a more life -like picture without
glare or eyestrain. And from a tiny long -life,
1 pw-cost picture tube!
PROTELGRAM is the answer to the public
demand for a bigger, clearer picture that is
easier on the eyes. It produces a better than
15" x 12" non-reflecting picture that fills a flat
screen all the way to the corners, and permits wide
angle visibility, fatigueless viewing from 5 feet
or 50! Small size and light weight make possible
compact consumer units. Write to Dept.TE-4,
North American Philips Company, Incorporated,
100 East 42nd Street, New York 17, New York.

pfiAGRA

C

5770,

Rl4-5786 .

f,
F/ Power- / ys s-kw input up fo 760 Mt
wens

Pbee.longs/en

... N

/yPe

semPerob/

19014162. .
5.5-kw dispel up to 1 JOAIt
F/ Power -36.5wo//s
. . . No eo ntooiobFe
Poso-lungs/on /YPe

q!2-s171
60- kwln0utup/o15Mt
F/ P
''°'-/11S wo//s.. rorinp..- 10A
B!4-5671.
.

/00-kor i4pu/ up /0 /01k

j941-577,
!SO-kwl401.// up /a 10M/
O wee -3. / kw.....ser/np
'--- fiOR
Piy /
coo Few
ePkh.d
mns/oné.,. e%rs e sw-rmo w.ik.o.es
eves eeoosorob/
Pore -y
ry e/.Pe.

filaments
... the economy of thoriated-tungsten
-power tubes
and improved cooling in high

Here is unparalleled tube value...
Five new RCA tubes, ranging in power

input from 1.5- to 150 -kw, and successfully utilizing economical thoriatedtungsten filaments which offer marked
savings in filament power and the
cost of associated power equipment.
Five tubes with proved features of
previous similar types. Two-the 5 762
and 5786-have efficient newly designed radiators that permit the use
of less expensive blowers.

Five tubes with improved internal
constructions that contribute to their
more efficient operation and longer
service life.
These five new RCA tube types are

"musts" for designers of broadcast,
communications and industrial electronic equipment where design and
operating economies alike are important considerations.
Forced -air-cooled assemblies and

water -jacket assemblies are available
for most RCA power tubes.
RCA Application Engineers are
ready to consult with you on the application of these improved tubes and
accessories to your specific designs.
For complete technical. information
covering the types in which you are
interested, write RCA, Commercia
Engineering, Section 42DR, Harri
son, New Jersey.

TUBE DEVELOPMENT IS RCA
THE FOUNTAINHEAD OF MODERN

DEPARTMENT

RADIO CORPORATION
HARRISON, N. J.
eakTUBE
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