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WhEther you are interested

in Industrial Rectifiers from 1
volt to 250,000 volts and from
1 Ma. to 2,500 Amps. . .

Ur if you are interested in
small transformers in our Ultra-
Compact Ouncer or Sub-Ouncer
types (our smallest units weigh
only one-third ounce). . .

Ur if you require high power
transformer equipment for a
500 Kw. transmitter. . .

ﬂr an industrial application
or a special Varitran or Voltage |
Regulator to suit a specific re-

quirement. . .

MAY WE ASSIST YOU IN YOUR PROBLEM?

A note to our Engineering Division will bring a quick
response with details on units to your requirements.

UNITED TRANSEORMERECORP

150 VARICK STREET N E YORK, N.
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A BRAND...
YOU CAN TRUST
for

VARNISHED TUBING
and

SATURATED SLEEVING

And besides the all-important factor
of dependability, constantly present in
TURBO electrical insulating materials,
the Brand service is geared to the
DEFENSE pattern

1. Prompt delivery.

2. Quality factors consistently
maintained.

3. Surpassing constants and values
dielectrically.

A culmination of supreme insulation

November 1941 — ELECTRONICS
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A new synthetic solid
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gives you this

permanent tracing paper

A remarkable new transparentiz-
ing agent developed in the K &E
laboratories—produces this truly
permanent tracing paper! ALBA-
NENE is made of 100% long fiber
pure white rags—treated with
Albanite—a new crystal clear syn-
thetic solid, physically and chem-
ically inert. ALBANENE will not
oxidize, become brittle or lose
transparency with age.

Equally important, ALBANENE
has an excellent drawing surface
that takes ink or pencil beautifully
and erases with ease...a high de-
gree of transparency that makes
tracing simple and produces

i

KsE CJ(

strong sharp blueprints...extra
strength to stand up under con-
stant corrections, filing and rough
handling. ALBANENE has a// the
working qualities you've always
wanted—and 7t will retain all these
characteristics indefinitely.

Make ALBANENE “prove it” on
your own drawing board. Ask
your K & E dealer or write us for
an illustrated brochure and gen-
erous working sample.

KEUFFEL & ESSER CO.

CHICAGO - ST. LOUIS - SAN FRANCISCO - LOS ANGELES
DETROIT - MONTREAL

REG. U.S. PAT. OFF.

THE STABILIZED TRACING PAPER




Sure, we're proud of it!

ON our seventh birthday this much we can say.
Superior’s definite place in the defense program is the culmination of
development, planning and expansion since the start of production in
1934. Policies adopied at that time have been faithfully followed to the

recent completion of the major building and equipment program shown.
2 P &




“Uniqueness’ is as true of Superior now as it was
at the start. We are digging in as never before to do a bigger job better,
month after month. Qur men have the will, plus the equipment, for a
real “"first line of defense” to produce metal tubing 34" O.D. and smaller.

SURE, WE’RE PROUD OF THIS PLANT, because we can see a great

deal farther over the horizon than before — and 10 us that is progress.

SUPERIOR TUBE COMPANY, NORRISTOWN, PENNSYLVANIA

“SMALL TUBING 15 OUR ONLY BUSINESS AND WE KNOW IT”
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In these busy times - when you are facing more vital
problems in a day than you formerly met in a month -
competent assistance is more than welcome. We are
offering to help lighten your burden by extending the
services and facilities of our engineering department.

These facilities are at your disposal for the selection
of the right wire for the job. We understand how
important to your equipment the matter of Insulated
Wire can be and are prepared to make a thorough study
of your requirements and make honest recommendations
out of our findings and experience.

Frequently a type of insulation that had not been under
consideration will best serve the purpose electrically,
mechanically and more economically.

It has been our experience that the most outstanding
service obtained from Lenz Insulated Wire has been in
such cases where we were favored with the complete con-
fidence of the Designing Engineer and together solved
his wire problems.

Lenz makes a complete line of Insulated Wire for Radio
Transmitters, Receivers, Aviation Instruments, and

Aeronautical Army-Navy Wire. Call on us for con-—
sultation — such service and wire samples are without

J%i,:h?ngmeer

LENZ ELECTRIC MFG. CO.

1759 North Western Avenue
CHICAGO, ILL.,, U.S. A.

charge.

ENJOYING ITS 36TH YEAR OF SUCCESSFUL BUSINESS

sy Dar i S
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Designed —electrically and
mechanically to YOUR specifications

"
L)
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oo b
i =

MANUFACTURING transformers for all industrial, electronic and laboratory

applications has been our specialized work for 40 years. Today, a very
important part of this business is with the electronic industry, and especially with
manufacturers who purchase components for refabrication in their products. For
these customers, AmerTran engineers develop designs to meet exact electrical
and mechanical requirements.

While the present needs of National Defense are taxing our expanded engineer-

ing and manufacturing facilities, AmerTran quality will not be impaired. The

benefits resulting from present experiences will, in the future, place us in a still ' ,

stronger position to serve our reqular and new customers in the commercial field. MERH
RA

AMERICAN TRANSFORMER CO., 178 EMMET ST., NEWARK, N. J.

Manufacturers since 1901

at Newark, N. J.

8 November 1941 — ELECTRONICS
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A —Connector plug — sawed, turned, and drilled.

B —Coil form —turned, milled, and threaded.

The speed, numbers and tactics of modern tanks make radio communication neces-
sary for effective action. e Communicating systems represent only one of many
defense applications for which the Bakelite-luminated industry produces dependable
insulation. The industry is working at capacity producing parts of all kinds for the
Defense Program and for essential industry. SYNTHANE CORPORATION. O4KS. PENNA.

SYNTHANE TECHNICAL PLASTICS

SHEETS » RODS - TUBES « FABRICATED PARTS ESYMHANE] SILENT STABILIZED GEAR MATERIAL

Bakelite g loaminated

www americanradiohistorv com




SYNTHANE PARTS FOR DEFENSE
AND PEACETIME APPLICATIONS

y SYNTHANl_zj

Bakelite — I laminated

A — Airplane radio loop form E —Molded-macerated valve check ball
B —Rod for bottle washing machine F — Airbrake piston

C —Variometer stator G — Aircraft part
D—Molded-macerated truck wheel H —Handle for hosiery ironing device L —Brush holder bracket

| — Aircraft propeller part M —Plug end, rayon industry
J —Aircraft part N —Aircraft part
K— Airplane fairlead O —Radio coil spool

P —Ball bearing retainer

SYNTHANE CORPORATION. OAKS, PA.

www americanradiohistorv com



1he Rockies. . .

another C-D capacitor

‘test laboratory”™
THERE'S EXTRA DEPENDABILITY IN

LONGER LASTING C-D CAPACITORS

It's 450 miles from Vancouver to Lethbridge
over the Canadian Rockies. Paving this scenic
aerial highway, eight radio ranges help guard
the safety of Trans-Canada Air Lines passen-
gers. When so much depends on the flawless per-
formance of radio communications equipment, the
components chosen must possess something exzra.
Like so many air lines today, Trans-Canada Air
uses Cornell-Dubilier capacitors in its aircraft
and ground communications equipment. For
Cornell-Dubilier’s thirty-two years of special-
ization in the development, manufacture and
application of capacitors gives C-Ds an extra
measure of dependability. Why not take ad-
vantage of this experienced engineering—it costs
nothing extra.

dependability built into C-Di. Next time you specify capacitors look for the

Cornell-Dichilier seal of experienced engincering. And ger the hidden extras

af wo extra cost. Send [or Cataley. Cornell-Dubilier Electric Corporation,

1ns Hamdtow Bled, South Planfield, New Jersey.

;:";.1: ' . 6(797‘728// 021&2/%7‘

ELECTROLYTIC

CAPACITORS SOUTH PLAINFIELR, i B NEW BEDFORD. MASS,

ELECTRONICS — November 1941 11
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DON'T LET THE TAIL WAG THE DOG!

Any relay that is not exactly suvited to its
specific job is likely to mean lost time and
motion in both engineering and production—
and might even handicap the efficiency of a
product. To attempt to make the best of a
relay that isn't quite what you need is truly
"letting the tail wag the dog.”

Naturally, Dunco offers a complete line of
standard "'stock” relays. .. covering the widest
range of applications...Each of these has
proved its efficiency for a given purpose. But
there are still many kinds of applications which
require special units if real efficiency is to be
attained. It is in this phose of special devel-

opment that the full force of Dunco’s long
experience and advanced engineering is
best evidenced.

Every Dunco Relay is manufactured with
the greatest care. Each is given thorough-
going tests as a complete unit before being
released. This is in addition to many individ-
val component tests during the course of
manufacture. Special Dunco Relays are given
exhaustive tests under a duplication of the
factors which are to be met in actual operation.

This is the kind of detailed care that has
made Dunco Relays the first choice of the
nation's leading relay users. Write today
for complete catalog.

RELAVYS AND

n “ “ tn TIMING DEVICES

A Complele, 2ualily Line — Individualls ﬂdqdedfa Yoaur Spca{a: Needs
STRUTHERS DUNN, INC., 1326 CHERRY ST., PHILADELPHIA, PA.
12 A November 1941 — ELECTRONICS
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“"WHOSE FAULT-?
THE WORKERS’, OR MINE!”

THEY WERE SLOW...
particularly on screw-driving opera-
tions. 1 decided to go to the assembly
line, see what the trouble was.

THEY WERE SORE...

fumbled screws, crooked screws, slip-
ping drivers, slow work...everywhere!
Was it their fault? Then the truth
flashed into my mind . ..

and powe” drivers

ew
. e for sCr € .o
itlle mor 4 money- Now W

5 ime an d
ted s . in um with one han .
b);:‘cci’:)us time. Even o start FA:’STT with power drivers ns
lsjli ped, scarring o drive F < awkward position. ing
b nder morale W drive FAST n danger of slipp
No WO ° T without 4 1
finish FAS ight assembly-

The patented Phillips Recessed Head clings to the driver. Thousands of manufacturers — in scores of in-
dustries — today are finding that it pays to pay a little more for screws . . . to get Phillips’ money-saving
advantages in operation. For further facts, write to any of the firms listed below.

PHILLIPS

RECESSED HEAD SCREWS

Caar 7andeid & Aoty

y W W 4 il .
VAL [ ARG

e I,

l\.-v-f

WOOD SCREWS « MACHINE SCREWS - SHEET METALSCREWS - STOVEBOLTS -« SPECIAL THREAD-CUTTING SCREWS « SCREWS WITH LOCK WASHERS

U. S. Patents on Product and Methods Nos. 2,046,343 ; 2,046,837, 2,046,839; 2,046,840; 2,082,085;
2,084,078; 2,084,079; 2,090,338, Other Domestic and Foreign Patents Allowed and Pending.

American Screw Co., Providence, R, I. International Screw Co., Detroit, Mich. Pheoll Manufacturing Co., Chicago, IIl.

The Bristol Co., Waterbury, Conn. The Lamson & Sessions Co., Cleveland, Ohio Russell, Burdsall & Ward Bolt & Nut Co., Port Chester, N. Y.
Central Screw Co., Chicago, Il The National Screw & Mfg. Co., Cleveland, Ohio Scovill Manufacturing Co., Waterbury, Conn.

Chandler Products Corp., Cleveland, Ohio New England Screw Co., Keene, N. H. Shakeproof Lock Washer Co., Chicago, 11l

Continental Screw Co., New Bedford, Mass. The Charles Parker Ca., Meriden, Conn, The Southington Hardware Mfg. Co., Southington, Conn.
The Corbin Screw Corp., New Britain, Conn. Parker-Kalon Corp., New York, N. Y. Whitney Screw Corp., Nashua, N. H.

Pawtucket Screw Co., Pawtucket, R. I.

ELECTRONICS — November 1941 13

www americanradiohistorv com



P
TR G S
e

your
anicalSmall electrical and mech
assemblies and. or ch-
> com-

.

Pl l 3

e @R
R-B-M I‘L}_’SUF\GTUR!NG Co. . ponent parts na
Duinion electroni pertaining to th
Essﬁx\\'lRECOR\'OI-L\TIO.\' E co C,y remote or au (]
Luo,\ssx‘ou'r, INDIANA 3 ntrOI arts 0 tomatic
and ! ur engi g
st 7 194 - producti - gineering
g been devot d on faCllities hav
. to design ed for over 20 yea re
. RELAYS SOand manufacture o;
wr, Fo As TELO Des. EngTe B and ’ LENOIDS. §
Lear AVZs Ince 2 other 4 WITCHES
Young &(;:;ber Stae : e h : Small electr-
B L 4 chanical devices W;Cal and
D MUre Tuttle: -4 a P 5
" ’ y for our new rite to-
In respons® 1o your 1nquitys gou »ild rocolve, under " COmpl 3 Catalo Dk
soparate covers & copy of % pow catslods Possidly ete 1nform i g g'VIng
you wish 0 gond U8 nanes and t1t106 of otners in h. ation
your © ganizauon {0 whom this catslog ghould b for= - R B M .
wardeds -3 - =
Qver & poﬂod of twenty yoass ¥ ‘have 4evelopd 12 TURIN
org;nim. on ¥1th ter and abilitye o {pneer ES‘;E AP e G. CO
and menufactore with pucision econo! mall elec” m A X_ “’lRE Co .
grical 4 mech: jcal devicese Qur ph\nt 1 dern; -NS RPORATI
Oqulpped with the 1atest VP of pro uction oachinorys ST NG D . ON -
operat oA T 11able a aependabl® gorvices ’ TN ‘N_n :
acllities warrant

mginoerlng and man
duc tiol quanuue-. the TA7
1 and mechani -

£acture, o yO
not 11ated 18

cal items
4 1e yavited.

The uscusslon of JOuT ptoblems in this 1 el

R, T- prerson/sa

WWW i
“am i
ericanradiohistorv.com



Three-fifths
actual size

" "foR HIGH-POWER

M

AND TELEVISION

To Get the Most from
Your Tube Dollar
Be Sure to Specify
GL-880'’s

GL-880 is the largest of the G-E
developed tubes for high-frequency (FM
and television) services. Its background
is more than 28 years of G-E tube ex-
perience.

GL-880's ingenious ‘‘folded” anode
reduces internal lead lengths by 10 inches
without sacrificing cooling surface. High
efficiency is obtained even at high fre-
quencles.

Dual grid leads for separation of excita-
tion and neutralization minimize neutral-
izing problems.

Easy to Drive
With only 1500 watts driving power at
the grids, two GL-880's will deliver an
easy 50 kw of FM at 50 mc.

Here’s Real Versatility
Primarily for FM and Television, yes,
but GL-880’s have unusual efficiency at
international and standard broadcast
frequencies, and as modulators. A pair
will give a 50-kw plate-modulated carrier
at 25 mc!

Be sure toask your near-
by G-E representative
for full information on
the complete line of G-E
transmitting tubes for all
services. There are G-E
offices in 80 principal
cities. General Electric,

Schenectady, New York.

‘ G-E 50,000-watt
FM broadcast

www americanradiohistorv com
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New York: 411 Fifth Ave,

HOW TO START A STATION

4

(4

Here's the RCA Transmitter chosen by
84 American Broadcasting Stations!

Starting a new station=?
Whether your construction per-
mit has already been granted,
or your application is still to be
filed, choose the transmitter that
is America’s first choice by an
impressive margin—the RCA
Type 250-K, for efficient, eco-
nomical, dependable operation
at 100/250 watts.

84 stations, built or being
built, have purchased this out-
standing broadcast transmitter.
Foreign purchasers account for
nine more. Yet the 250-K has
been on the market less than
two years!

The reasons for such un-
equalled acceptanceare inherent
in the 250-K itself. Flat within

American Broadcasting Stations Equipped with the 250-K

1% db. from 30t0 10,000cycles,
it delivers program-quality diffi-
cult to match even at a higher
price. High-level Class B Modu-
lation, and efficient RCA-engi-
neered circuits, keep operating
costs low. It draws only 1625
watts from your power-line
while operating at average pro-
gram modulation on a 250-watt
carrier, Installation is simple
and inexpensive; operation is
simplicity itself.

And—a thought for the future
—the 250-K is easily adapted to
1,000-wattoperation at any time,
by the simple addition of the
RCA amplifier unit, Type MI-
7185 and suitable power-supply.
Write for complete data today.

including 1,000-watt stations using it as a 250- watt exciter unit

KANA KBIX KBWD KBUR
KFXM KHAS KHON KLS

KVFD KVOE KWIL KWRC
WBTA WCED WBOC WDAS
WFIG WETC WHBQ WGov
WGAC WwLBJ .U WKMO
WMOB WMOG WOSH WORD
WTHT WTMA WTJS WWNY

KFBG KFIZ KGLO KFMB
KLUF KRJF KROD KSKY
KYCA KYO$ WAJR WARM
WDEF wcel WCRS WDAK
WISR WHUB WFPG WINX
WKWK WKPA WLAY WLOK
WSAY WSGN ws00 WSRR

KFI0
KSRO
WATN
WFDF
WIZE
WMIM
WiLB

KFPW
Kud
WBIR
WEKY
WEYN
WMRN
W0C

... plus still others to foreign countries, American police installations, and for stations now under construction!

RCA 250-WATT
TYPE 250-K

CEOTT]
s A —t
G i —--
<oR FINER PERFORMANC, —,

(Asseciated Equipment
Transmi

RCA Manufscturing Company, Inc., Camden, N, L * A Service of tha Radio Corporation of America
m Cannada: RCA Victor Co,, Lid., Montreal

Chicago: 589 E. INinois St.

Atlanta: 530 Citizens & Southern Bank Bldg.

Dallas: Santa Fe Bldg.

wWwWw americanradiohistorv com

San Francisco: 170 Ninth St,

Hollywood: 1016 N. Sycamore Ave.
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INSTRUMENT MAKERS

M/L AlSiMag

Instrument makers are most
exacting in the selection of ma-
terials for instruments. They
realize that performance is
vitally affected by the mate-
rials. No wonder that for non-
metallic parts, and ceramic
materials in particular, they
specify AlSiMag technical ce-
ramics. In doing so, they get:

1. Ceramics custom made to
their specifications.

2. Ceramics to close tolerances
for economical assembly.

3. Ceramics of defined physical
properties selected from a
list of standard “bodies” not
found anywhere else in such
great variety. Send for list.

. Ceramics produced by en-
gineers whose only purpose
is continued improvement.

!

M L[A:l @ FROM cERAMIC umnmmms

Trede Mark Reg. U. S Por. ON.

AMERICAN LAVA CORPORATION * CHATTANOOGA  TENNESSEE

CBICAGO - CLEVELAND > NEW ‘YQRK » ST. LOUJS ~4LOS ANGELES + SAN FRANCISCO - !6§TN s PHILADELPHIA « WASHINGTON, D. C.

ELECTRONICS — November 1941 17
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PRECISION DESIGN

Multiple Condenser to Operate Over Wide Temperature Range

r:[?IE same problems in the designing of battleships, submarines,
airplanes and tanks, are encountered in the design of condensers used
in their radio equipment . . . They must stand the shock of gunfire,
temperature ranges between —30°C to +70°C, hundreds of hours of
salt spray, and constant vibration. Every defense condenser leaving

our plant is engineered to meet the conditions of a specific job.

THE HAMMARLUND MANUFACTURING CO., INC.
424-438 West 33rd Street, New York, N. Y.

WWW_americanradiohistorv com




To Measure the Lowest Values of Current

and Voltage ‘Accurately
We Recommend Thede

HE. high sensitivity, excellent responsiveness, sturdiness, and depend-

ability of our complete line of galvanometers make them ideal for

use In:

1. Laboratory measurements of temperature, resistance, etc.

2. Production tests of instruments and materials where rapid readings
and minimum fatigue to operators are essential.

These galvanometers are portable and are easily conne:ted into a circuit.

Seventy-five ranges are available for immediate shipment. With such a

large number of ratings you can be sure to find one that has the character-

istics required for your particular application.

D-c Inkless Recorder—Its low power consumption makes it particularly
well suited for high-sensitivity measurements. This recorder can be
obtained as an ammeter, voltmeter (1000 ohms per volt), microammeter,
millivoltmeter, milliammeter (for example, | ma—-16 ohms).

It 1s accurate within 2 per cent, sturdy, and portable. [ts inkless feature
means there’s no pen to start, no ink to spill, and rapidly fluctuating loads g4, further information on the galvanometers, ask for

. (1 - »”
will not cause “painted” charts. Bulletin GEA-2136; on the recorders, GEA-3187. The
For a-c measurements, the companion Type CF-I instrument is available nearest G-E office has copies. General Electric Company,
as an ammeter and voltmeter. Schenectady, N. Y.

602-23-6200

GENERAL (%) ELECTRIC

ELECTRONICS — November 1941 19
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Selenium Rectifier elements are
used exclusively in Fansteel —
I. T. & T. dry plate rectifiers,
manufactured by Fansteel
Metallurgical Corporation,North
Chicago, Il

Fansteel —I. T. & T Selenium
Rectifiers are rapidly gaining
favor in railway signal, telephone
and telegraph service because of
their small compact size, wide
temperature range, high effi-
ciency, stable output, electrical
stability and low back leak.

Standard Selenium Rectifiers
are available in a wide range of

styles and capacities for all com-
mon signal and communication
voltage and current ratings, and
are also built to order for inter-
locking plants, switch machines
and other heavy duty purposes.

The small size of Fansteel —
1L T. & T. signal and communi-
cation selenium rectifiers is
especially attractive to railway
users because of the saving of
space in signal cases, stations
and towers. The I.T. & T. Selenium
Rectifier is the smallest metallic
junction rectifier yet developed, but
is meeting all the exacting require-
ments of railway service.

1. T. & T. Selenium Rectifiers are Completely Produced from American Material.

Consulting engineering services available for specific requirements.

AMONG OUR
CUSTOMERS

Tte Alton Railrooad Company
Chicajo & Eastern lllinois Railway
Comamny -+ Chicago & likinois
Midland Railway Company
Chicago, Indisnapolis & Lovisville Railway - Chicago
North Shore & Milwcukee Railroad - Grand Trunk
Western Raikoad - IlEnpis Central Railroad - Long
Island Railread « Lovisville & Nashville Railroad
Company - iNew York Central System . Nickel Plate
Road - Northern Pacific Railway - Pennsylvania
Railrcad - Pere Marquette Railway Company
Southern Raifway System - Union Pacific Railroad
Wabuash Railway Company.

[uternational Telephione & Radio Manufaclyring Corporation

67 BROAD STREET, NEW YORK, N. Y

20
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thanks, in part, to

Lusthon

Lustron is noted for its beauty—for
thelimitless range ofits clear,true col-
ors and its smooth, lustrous surface.

But it took more than beauty to win
this assignment.

The cover of this new Firestone S
personal radio is molded of Lustron It
by the Superior Plastics Company :
of Chicago for two very practical
reasons:

1. Since the radio’s aerial is coiled
inside the cover, Lustron’s drelectric
properties help effectively to reduce
static wherever the radio is carried.

2, Lustron’s highdimensionalstability
makes it certain that the cover will
always fit, however wet or dry, how-
ever hot or cold the surroundings.

Other Lustron production-and-
sales advantages that may recom-
mend this versatile member of the
Monsanto plastics family for a job
in your products: resistance to acids,
alcohol, cleansing alkalis, odorless
and tasteless, no moisture absorp-
tion, adaptability to low-cost, high-
speed injection molding.

For full details and the names
of competent molders, inquire:
MonsanTO CHEMICAL COMPANY,
Plastics Division, Springfield, Mass.
District Offices: New York, Chicago, Bos-

ton, Detroit, Charlotte, Birmingham, Los
Angeles, San Francisco, Montreal.

THE FAMILY OF SIX MONSANTO PLASTICS

(Trade names designate Monsanto’s
exclusive formulations o f these basic
plastic materials)

LUSTRON (polystyrene) « OPALON (cast
phenolic resin) « NITRON (cellulose nitrate)
SAFLEX (vinyl acetal) - FIBESTOS (cellulose
acetate) » RESINOX (phenolic compounds)

Sheets « Rods * Tubes « Castings
Molding Compounds

Vuepak,
Rigid Transparent Packaging Materials

=\ MONSANTO PIASTICS

SEBVING INDUSTRY...WHICH SERVES MANKIND
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7. Contacts of rare met-

als and special alloys,

“over-all’’ welded to
nickel silver springs.

2. Heel piece of special magnetic metal.

5. Armature assembly; special magnetic
metal; hard brass yoke with stainless steel
shaft operating in Oilite bearings.

Clare Type A, a.c. Relay with Plug-in Mounting

&/

6. High voltage pile-up insulation
withstands heavy break-down fests.

8. Spring bushing insulators

made by a patented process

from Bakelite rod. lllustration
also shows twin contacts.

If You’re Fussy About Relays....

m Here, illustrated and described, is the Clare
Type A, a. c. Relay. It is designed for applica-
tions where a highly efficient multiple contact
relay is indicated. Its application to the latest
model TelAutograph is an example.

By its use ac-dc converters, batteries or d.c.
power supplies can be discarded. Itis quiet,
cool running, constant, efficientand quick acting.

Meticulous attention to design, fine materials
and precise manufacturing contribute much to
this relay. Analyze these details:

1 Individual slip-on covers of Bakelite or
metal make for easy inspection. Group covers
are also available.

2 The heel piece is made from special magnetic
metal annealed to provide high permeability at
required flux densities, low eddy current loss
and low hysteresis loss.

3 Coil core laminations are made of low loss
silicon iron. Copper shading piece is securely
fastened in slotted armature end of coil core.
Coils are carefully wound to exact turns on
precision machines. Lead out wires are securely
soldered; entire coil isimpregnated with Glyptol.

4 Spring pile-up insulators of special heat

treated Bakelite, provide more favor-
able characteristics than triple-“X’
Bakelite and permits punching with-
out cracks or checks. It has minimum
cold flow properties and Jow moisture absorp-
tion content.

S Armature assembly consists of armature
of special magnetic metal; stainless steel shaft
operating in Qilite bearings inserted in a hard
brass yoke assuring minimum wear with con-
sequent quiet and long:-life operation.

6 High voltage pile-up insulation consist

of two flat or fillister headed screws of high ten-
sile steel, specially heat treated, enclosed in
Bakelite tubesand a combination of two single
and one wafer insulator between each spring.
Assembly is locked under heavy hydraulic pres-
sure. Projecting wafer insulators provide creep-
age path of %" between contact springs. As-
sembly withstands very heavy break-down tests.

7 Contacts of rare metals or special alloys
are available, in sizes from .062” to .1875"
diameter, flat or hemispherical. Theyare welded
to nickel silver springs by a special process,
making them an integral part of the spring,
thereby reducing contact resistance to the

READ THIS!

minimum and providing for rapid heat dissi-
pation. Long contact life is assured.

8 Spring bushing insulators are made of
Bakelite rod under a patented process. Hard
rubber bushings generally employed, while
similar in appearance, are inferior in wearing
qualities. Strong, hard, long wearing Bakelite
bushings are essential where heavy contact pres-
sures are employed, or where vibration exists.

If you are fussy about relays, consider these fea-
tures, plus the precise adjustment given all Clare
Relays—adjustment that “stays put” in the field.

Clare Relays are really “custom -built” and
they can be supplied with various types of
mountings. Clare engineers are eaget to “cus-
tom-build” you a relay that will meet particular
requirements. Send us an outline of your prob-
lem for our suggestions. Request the Clare
catalog and data book. C. P. Clare and Co.,
4719 West Sunnyside Avenue, Chicago, I11.
Sales engineers in all principal cities. Cable
Address: “CLARELAY”.

““"Custom-built’’ Multiple Contact Relays for Electrical, Electronic and Industrial Use

November 1941 — ELECTRONICS
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What type of current
must be haﬂd ed

What is the voltage value

at make and d break

‘)
?
>

current value

the
Whatis Theek

at make an

What is the frequency of

8
electncal mterruptmn

What is the opening and

closing speed rate

What is the ma

. i ce
opening distan

MALLORY Contacts Anticipate ALL These Questions

Mallory is the only source of electrical
contacts able to insure thorough con-
sideration of every contact factor
because only Mallory makes contacts
for every electrical service.

In designing new products . . . don’t
wait until you have perfected the
mechanical features before making

ximum

What is the ar¢ suppres-
sion method

?

What is the closed

contact pressure
[
What is the actuating
‘) method
° i of
What is the action
contact . . butting, wip-
@ ingor rotary
i i
What severe actions x;us
be plannedfor...mec ene
() jcal, gaseous corrosiv
What is the allowable
? temperature rise

B

contact selection. Mallory can be of
inestimable value in making contact
recommendations while designs are in
progress. Very often the mechanical
function can be definitely improved
by taking advantage of known contact
constants. Call in your Mallory rep-
resentative early.

Mallory Contact Catalog

Be sure you have this complete and factual reference to contact design
and materials. You'll find it of real value. Send for your copy NOW'!

P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA Coble Address—PELMALLO

P R.MAI.I.O Y & CQ.Inc.

ALLORY

NON FERROUS AI.I.OYS—EI.ECTRICAI. CON'I'ACTS
POWDERED METAL AI.I.OYS

24

November 1941 — ELECTRONICS

www americanradiohistorv com



ELECTRONICS....KEITH HENNEY Editor....NOVEMBER,

1941

» MISCELLANY ... Much transpires
in the course of a month; much that is
important; too much if each item got
the space here it deserved.

For example—Frank Shepard, Jr.,
(contributor to ELECTRONICS) opened
the 1941-1942 season of the Radio Club
of America by demonstrating how to
get synthetic bass out of small radio
sets. He does this by introducing cer-
tain forms of distortion which, to the
ear, sound like a considerable improve-
ment in the low frequency response.
Some time ago Mr. Shepard demon-
strated in this office a pocket sized
radio which has a really remarkable
synthetic bass. . . . During the recent
violent sunspot activity, signals got
crossed in the circuits feeding WAAT
in Jersey City so that listeners within
the service range of the station got in
on a delightful conversation between a
couple of girls on one end of a tele-
phone line being very coy about a date
with two men on the other end of the
wire. . .. New York City is to have a
municipal FM station if the Board of
Estimate will kick in with $16,000. A
24-hour service was promised, not only
with high fidelity static-less programs
but with a facsimile service for the
police, fire and sanitation departments.
At the present time station WNYC
shares time with WCCO in the Middle
West, being forced off the air at sun-
down at the latter station. The FM
station would suffer from no such pri-
vation.

Speaking of FM, as of October 1 the
total national ownership of receivers
amounted to 70,000, production was
running at about 1000 sets a day
(Armstrong licensed), and during
August the total number of sets in

CROSS

TALK

use increased by almost one third.
Phileo says this improvement in sales
is “undoubtedly due to the fact that
the first low-priced radio sets capable
of receiving FM” were recently put on
the market. Philco also has a lot to
say about low-priced FM sets, and in
effect states that anyone is foolish to
pay much more than $60 for such re-
ceivers. There is much about anti-
static but not one word about high
fidelity. What do you want FM for?

If there were enough FM stations to
broadcast a sufficiently wide range of
program service we would never listen
to another AM program. This is ap-
proaching the case in New York City,
but in New Hampshire where the Mt.
Washington station is visible on good
days (some 35 miles away) we get
good service, also from Paxton, but
there is only one program to listen to
and that is not enough. There isn’t
much of the la-di-da stuff that we can
take without an emetic and so the FM
rig stays off the air except for occa-
sional attempts to find something to
listen to. Two New England FM sta-

tions, however, can supply as good
coverage as all the AM transmitters
combined.

» MORE MISCELLANY ... A school
of electronics in Minneapolis, was
charged in a complaint by the Federal
Trade Commission with trying to get
students through exaggerated claims
about the physical equipment of the
school, and otherwise putting up a
story that was somewhat on the op-
timistic side. This department gets
many inquiries from prospective stu-
dents about the merits of certain

www americanradiohistorv com

schools, offering courses in radio, tele-
vision, facsimile, FM, electronics, etc.,
and in only cases where the school is
well and widely known can we offer
any aid. There are individuals who
have worked up mimeographed sheets
(as home-study courses) which will
get you through an FCC exam, there
are real schools, however small in en-
rollment and in teaching staff, and of
course there are come-ons of all types.
Which reminds us of the fellow who
got sore when he answered an adver-
tisement which would teach him a sure
way to raise beets if he sent in ten
cents. The required method was to
“catch hold of the tops and pull.”
Prospective students can tell quite a
lot from the tenor of the blurbs that
attempt to get him to take the course.

In Louisana maneuvers of the
army recently, a secret aircraft de-
tector was used, so the papers claimed.
Although a closely guarded secret the
device consisted of portable radio re-
ceivers which picked up engine noise
of approaching planes, automatically
integrated vital facts concerning their
strength and direction of flight, auto-
matically transmitted the data to
headquarters by teletype. . . . Radio-
sondes are to be made of plastic, thus
releasing 6 tons of aluminum for de-
fense purposes.

Down in Washington there is some-
one who reads the U. S. Patent Office
Gazette regularly and breaks into the
newspapers with some of the screwyist
ideas that get patented. He always
writes as though the patented idea
was ready for the market and gets us,
and a lot of other people probably, all
excited. Then we learn that it is just
a patent and we say pfui, or worse.
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SENSITIVE D-C AMPLIFIER
WITH A-C OPERATION

High sensitivity and stability, negligible zero drift, low noise level, and flat frequency

response up to at least 12 ke are features of this a-c operated d-c amplifier.

Cathode

control amplifier eliminates drift, while gaseous discharge coupling tubes enable cascade
stages to be operated from a comparatively low voltage regulated power supply

IRECT-current amplifiers are

commonly used in a wide vari-
ety of applications. In many of these
applications the signal input to the
amplifier is of the order of one-tenth
or one volt, and the important fre-
quency components of the signal are
no higher than a few cps. The prob-
lem of designing an amplifier to
operate satisfactorily under these
conditions is not difficult, and such
an amplifier is commercially avail-
able.

However, in other applications the
maximum input signal may be of the
order of one to ten millivolts, and
the signal may contain frequency
components well into the audio
range as well as the d-c component,
Signals of this type are encountered
in connection with strain measure-
ments. In biology the increasing in-
terest in electric currents associated
with body activity makes it neces-
sary to amplify signals in which
there is a small but important d-c
component. The writer knows of no
commercial d-c amplifier which is
designed for operation under these
conditions, although a number of
laboratory amplifiers (usually re-
quiring a skilled operator) have
been reported. **

The amplifier described in this
article has been designed to meet the
needs outlined in the above para-
graphs. Its operation is so simple
that even a non-technical person can
obtain satisfactory results when us-
ing it. Trick balancing schemes and
designs which are critically depend-
ent upon tube characteristics and
resistance values have been avoided

By STEWART E. MILLER

Jackson Heights, New York

on the assumption that such meth-
ods would not give the best results
in a device which must meet com-
mercial requirements. Because of
the bulk and inconvenience of bat-
teries and because they are unreli-
able in an instrument which may be
used intermittently, it was decided
to make the instrument completely
a-c operated.

The completed instrument may be
considered as a specially designed
d-c amplifier with regulated voltage
supply. However, the special require-
ments of the instrument required
many new circuit improvements
and modifications of new design,
some of which are believed to
be sufficiently fundamental as to
represent new techniques, and mak-
ing a thorough review of tube and
amplifier operation imperative.
Among the more important features
which have been incorporated in
this amplifier, and which contribute
to its stability may be listed the fol-
lowing: (1) cathode control circuit
for overcoming the difficulties of
slow drift in the operation of the
amplifier, most of which are caused
by ambient temperature changes,
(2) the development of voltage-
regulated power supply in which the
a-c component in the output is 0.5
millivolt for a 250 volt supply, and
in which variations of input volt-
age from 95 to 125 volts produce
changes in the output of less than
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0.4 millivolt, (3) interstage coup-
ling device enabling several cascaded
stages having a gain, without feed-
back, of about one million, to be op-
erated from a single 250-volt supply.
The characteristics of the com-
pleted amplifier (see Figs. 1 and 2)
may be summarized as follows:

(1) Input Circuit. Both terminals
are normally at low potential, one
terminal grounded. Input resistance
may be any value from zero to sev-
eral megohms.

(2) Output Circuit. Both voltage
and current output terminals are
available simultaneously. Current
output is =5 milliamperes, and volt-
age output is ==80 volts peak from
a balanced output circuit. Thus an
Esterline-Angus 5 milliampere re-
corder may be-used, or a 4-inch pat-
tern may be produced on a cathode-
ray tube having a deflection sensi-
tivity of 40 volts per inch.

(8) Sensitivity. Full-rated output
is obtained for input of 0.35 to 10
millivolts. .

(4) Amplifier Gain. Transcon-
ductance is variable from 14 mhos
to 0.50 mho. Voltage gain is variable
from 72 db to 102 db. The overall
voltage feedback is varied from 15
to 45 db.

(5) Frequency Response, Uni-
form response is obtained from di-
rect current to 12,000 cps or 20,000
cps (depending upon the sensitivity
setting) from a low-impedance
source. Stray input capacitance lim-
its frequency response for high-im-
pedance sources, as shown in Fig, 3.

6. Noise Level. Noise level is 4
microvolts peak or roughly 1 micro-
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Voltage output

Metallized Resistances
E., = 05 megohm
R;r= 50,000 ohms
Eip=10 megokm
Rip= 1.2 megohm
Ryp= 05 rrggehm
Ry = 05 megohm
Flgr® O megohm
Rye = 10,000 ahrmis
Ry, = 50,000 ohms
Ry = 1.0 megohim
Ry = 1.0 megoham
Fye® 1.0 megamm
Fuz™ 0.1 megohm

Nichrome Wire-Wound Resistances
Ry = 0.47 megohm
R,s= 50,000 ohms

volt rms (referred to the input) with
the input shorted, or 16 microvolts
peak (11 microvolts rms) with input
resistance equal to 0.5 megohm.
This noise is of the impulse type
and has a nearly uniform frequency
distribution.

(7) Distortion. On 10-millivolt
sensitivity setting, distortion is neg-
ligible and less than 1 percent on
1-millivolt sensitivity setting (meas-
ured at 80 percent maximum out-
put).

(8) A-C Operation. Amplifier and
power supply are independent of
line voltages greater than 94 volts.

(9) Long-Term Drift. A typical
zero-drift recording is shown in
Fig. 4.

The wiring diagram of the amp-
lifier is shown in Fig. 1, while that
of the voltage regulated power sup-
ply is shown in Fig. 2. The problems
involved in the design of these two
units are sufficiently involved that

28

Current output

Fy,= 8,000 ohms
E3.= 8,000 ohms
R, = 8,000 ohms
R 8000 ohms
Fia= 15000 ohme
R.i= 151,000 ohms

Advance-Wire Resistances
Fiy= 1,000 ohms
Ry~ 05 megohm
= 40000 chms
= 20000 ohms
F3.=30,000 ohms
R4= 1.04 ohms
Rap® 362 ohms
B.=11.0 obms
B~ 374 ohms

Fig. 1—Schematic wiring diagram
of the complete d-¢ amplifier

the amplifier and voltage supply will
be discussed separately in consider-
able detail. .

Amplifier Design—Cathode-Control
Amplifier

There are several important prob-
lems which are encountered in de-
signing a d-c amplifier whose in-
stabilities (long-term drift and in-
stantaneous fluctuation of the out-
put corresponding to zero input)
must be small compared to 1 milli-
volt when referred to the input. One
of these problems is that of over-
coming what is sometimes known as
grid drift, but which might better
be called cathode drift. Cathode
drift is an undesired change in plate
current due to uncontrolled condi-
tions in the grid-cathode circuit, and
there are several factors which con-

Wire-Wound Variable Resistonces
B = 2,000 ohms
Fizo= 10,000 ohms
F23= 10,000 ohms

Condensers
Ly= 003 pf mica
Ce= 001 uf mica
Cy= 00001 uf mica
Cg= 0.00003 puf mica

List of Tube Ty;cs
1T, =125C7
';‘.,ﬂ]‘- VR-150-30

" S|
TaTs Tise Tio=12J5GT

tribute to it. First, changes in
cathode temperature due either to
ambient-temperature changes or to
heater-voltage fluctuations are re-
flected directly in changes of plate
current, even though the grid bias
of the tube remains constant. It is
sometimes suggested that the work-
functions of the cathode and grid
surfaces change during the opera-
tion of the tube, yielding a change in
contact potential betwéen the grid
and cathode, in turn causing a
change in plate current. Conse-
quently, the plate current of the con-
ventional amplifier is a function of
these cathode-grid effects, and in a
d-c amplifier the result is zero-drift,
i.e., a drift of the output correspond-
ing to zero input.

As a remedy for cathode drift a
number of designers have attempted
to maintain constant heater current
in the low-level amplifier tubes. One
commercial amplifier, for instance,
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WWW_americanradiohistorv. com




is equipped with a constant-current
transformer and a ballast lamp to
regulate the heater current. This
would appear to overcome changes
in cathode temperature due to line-
voltage fluctuations.

However, the severity of the prob-
lem is not fully realized until one
sees quantitatively the amount of
zero drift caused by heater-voltage
fluctuations. In Fig. 5 we see
-plotted the equivalent input to a
single-stage conventional d-¢ ampli-
fier as a function of the heater volt-
age. The ordinate represents that
voltage which, if applied to the input
of the amplifier, would cause the
same change in plate current as
that actually caused by a change in
heater voltage. We see that for the
conventional amplifier a linear rela-
tion holds, and what is more im-
portant, a 10 percent change of
heater voltage produces the same
effect as an equivalent input of 0.1
volt., When it is remembered that
we are trying to amplify a signal of
a few millivolts, it is obvious that
thig is an important problem.

Attempts have been made to use
a balanced or push-pull amplifier. to
eliminate the effects of changes in
cathode temperature. This scheme
is not successful because the rate of
I eating for two different cathodes is
not the same. Thus the equivalent
input voltage due to cathode-temper-
ature fluctuations will be different
in the two tubes of the balanced
amplifier, and the output will not be
independent of the heater voltage.

A common error in connection with
this problem is the assumption that
feedback will aid in reducing cath-
ode drift. Suffice it to say that
cathode drift is a form of tube
noise, and tube noise is not reduced
by means of negative feedback.

As a partial solution to the prob-
lem the writer has developed what
he calls the cathode-control ampli-
fier. The reasoning behind its de-
velopment may be given with refer-

Fig. 2—Wiring diagram of the
voltage-regulated power supply

ence to Fig. 6. Assume that the
heater voltage E, is made variable,
and the other voltages are held con-
stant. Then it will be found that
the plate current is a function of
the heater voltage, and if the
changes in plate current are referred
to the input, a plot may be made
showing the equivalent input to the
amplifier as a function of the change
in heater voltage. This has been
done in Fig. 5. It is commonly ac-
cepted in elementary theory that the
voltage which a tube will amplify
is that existing between the grid and
the cathode. The problem now is to
determine that point in the cathode-
grid circuit for which the equivalent
input voltage represents the effect
of the change in heater voltage.
Since the effect is one which is re-
lated to the tube and not to the ex-
ternal grid-cathode circuit there
are only two choices—at the grid or
at the cathode. There is no reason
to believe that a fluctuation in heater
voltage should change the condi-
tions at the grid, but there is an ef-
fect at the cathode due to the change

Fy=2 megohms
;=05 megohm
R3=0.5 megohm
9,1 = 50,000 ‘ohms
A= 2 megohms
., =01 megohm

S5v e
W
&
= 430 v
-
+ 7 (o
'E 7
8
430 v
5
Metallized Resistances Nichromz Wire-Wound Resistances Condensers .
1, =10 megohms Fe = 25000 ohms C,= 8 uf electrolytic
| E;=100 ohms E= 50,000 ohms .= 0006 uf paper

Fys= 50,000 ohms

Advonce-Wire Resistances
Rg = 100,000 ohms
Ry = 75,000 ohms

T, Ty, To=2A3
Carbon Variable Resistance ToTo= f25c7
R4=10 megohm T.=VR-105-30
o e —

C3= 005 uf paper

C4=05 af paper
List of Tube Types
' 1,e8%4 P
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in heater voltage, namely, a change
in the initial velocity of the emitted
electrons. Hence the equivalent in-
put voltage which represents the
effect of a change in heater voltage
may be placed in series with the
cathode lead inside the tube, as
shown in Fig. 6. It is to be em-
phasized that this voltage source is
purely fictitious and cannot be
measured directly in the laboratory.
However, laboratory measurements
do check the assumption that the
change in heater voltage can be
represented by the fictitious source
V. Once this has been established,
the solution to the problem is
straightforward. By choosing a tube
having two  sections arranged
around a common cathode and by
connecting these sections in the
proper manner the cathode-drift
may be eliminated from one section.

With reference ‘to Eig. 7, the
section P, G, K"funptibhs as an
amplifier, and the section P, G. K
functions as a control section. The
effect of variations at the cathode
is represented by the fictitious
source, V. Then, for R, large com-
pared to the internal plate resis-
tances it may be shown that e will be
zero for R, equal to 1/g., where g¢.
is the transconductance of the sec-
tion P,, G,, K. The result is that the
amplifier employing section P, G,
K will be nearly independent of
heater-voltage fluctuations over a
wide range, as shown in Fig. 5. This
type of circuit has been used in the
first stage of the amplifier.

The discussion so far has pointed
out that the cathode-control ampli-
fier helps overcome the effects of
heater-voltage variations; it is
readily seen that the cathode-control
circuit will be equally effective in
overcoming the effects of ambient
temperature variations and other
variations which are common to
both portions of the common cath-
ode. Likewise, the discussion so far
has assumed that the undesired
cathode variations will be identical
in both portions of the common
cathode; this condition has been ob-
served in many tubes, but it is not
essential. If the fictitious source V is
proportional in the two sections,
that is if,

Vamp = chonlrol (1)
then e will be zero if
Ry =k/g2 2)
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Cathode-Control Amplifier

-»——{-l-l-l}-l'f

Fig. 8—Another arrangement of the
cathode control amplifier which has
merits under certain conditions

li, lz,

.A.A...
WAV
(nh

Fig. 6—Equivalent circuit of vacuum tube
showing fictitious interval voltage, V., rep-
resenting equivalent input voltage having
the same effect as that produced by
change in heater vollage

In certain applications it is suf-
ficient to make e very small but not
quite zero, in which case the circuit
of Fig. 8 has proved useful. This
degenerative cathode-control cir-
cuit makes use of the same ideas as
the balance cathode-control circuit
of Fig. 7, except that R, is made zero
(making e = 0 impossible) and the
grid G. is brought part way up the
plate battery to make the resistor
R, large. If we neglect the presence
of the amplifier section momentarily,
it may be shown that

e/V=1/Q1+gR) 3
where ¢. is the transconductance of
section P.,, G., K. The degenerative
action of R, in the amplifier circuit
employing section P,, G,, K makes
the ratio e¢/V even smaller than
given by Eq. (3), but the exact
equations are too complicated to be
given here. In practice, ¢/V may be
made 1/20 to 1/75.

Requlated Power Supply

It is of course possible to derive
expressions giving the voltage gains
of the circuits of Fig. 7 and 8; the
results of such derivations are given
by the following approximate equa-

Fig. 7—Fundamental circuit of cathode

control amplifier

tions: For Fig. 7, the amplification
is given by

— .ulRa )
@ Ryt 4 *

when ¢g.R, = 1. For Fig. 8,
G M1 Ra (5)

T Rotr+ w/g

where r, u;, and 7., g. are the con-
stants of the first and second tube

sections, respectively. These volt-
age gains may be made 30 to 45 in
practice.

The degenerative type of cathode-
control circuit is employed in the
amplifier and regulator stages in-
volving tubes T, T, and T, of Figs.
1 and 2.

As a further means of overcoming
cathode-drift it was decided to regu-
late the heater voltage. Ballast
lamps were tried in this application,
but were found objectionable be-
cause of a heating transient which
occurs each time the source volt-
age is changed. Since it was also
necessary to regulate the plate-volt-
age supply, it was considered good
economy to use the same regulator
for plate and heater currents. The
12-volt 150-milliampere series of

Fig. 9—Block diagram illustrating the fundamentals of the
requlated power supply unit used with the amplifier

10-Vvolt
A-C fine
 EE— Rectifier
and
Filter

~Output--""

- Amp No. 2 —% H
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L
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tubes was used, the heaters being
placed in series.

In the amplifier design, no at-
tempt was made to balance out the
effect of plate voltage variations.
This meant that a very constant
plate-supply must be available. In
particular, we may assume for pur-
poses of estimation that a variation
in plate battery at the first amplifier
stage will be reduced by a factor of
100 when referring it to the ampli-
fier input. If we aim at maintaining
input instabilities less than 10
microvolts, we find that the plate
battery may not vary by more than
1 millivolt. Assuming a line varia-
tion of =10 percent, our 250-volt
plate-supply voltage must be con-
stant within 4 parts in a million,
and a stabilization ratio of 25,000
to 1 is required in the regulator.
The stabilization ratio is the factor
by which the regulator reduces line
variations.

The regulator which was designed
to meet the above specifications has
been redrawn in functional form in
Fig. 9. It is common practice in
regulators of this type to feed back
a portion of the output voltage, com-
pare it with a constant voltage refer-
ence, amplify the difference and
impress the amplified difference on
the grid of an amplifier tube in such
a phase as to maintain the output
voltage constant. With such a regu-
lator (illustrated by the diagram
of Fig. 9 if the connection AA’ were
omitted) it is impossible to get

(Continued on page 105)
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POWER AMPLIFIER

By
ARVID
B. NEWHOUSE

IME spent on calculations of

tank circuits of radio frequency
power amplifiers can be consider-
ably reduced by an analysis of the
circuit conditions and the use of
certain equations. This paper dis-
cusses some aspects of the design
of power amplifier plate tank cir-
cuits, particularly amplitude modu-
lated amplifiers for broadcasting
service. Equations are derived for
calculating pertinent tank circuit
quantities, and methods of calculat-
ing values of inductors and capaci-
tors to satisfy power and selectivity
requirements are given. For a study
of Class B and C amplifier tank
circuits the reader is referred to a
paper by P. H. Osborn.!

Energy Storage

The radio frequency amplifier
which will be studied is represented
by the simplified circuit shown in
Fig. 1. Although a series-fed, un-
balanced circuit is illustrated the
analysis will apply to other arrange-
ments. It is assumed that the im-
pedance of C, is so low that sub-
stantially the full voltage developed
‘across the tank circuit appears at
the plate of the tube, and also that
the excitation voltage E, the grid
bias E., and the d-c plate voltage
E, are such as to deliver the re-
quired power with a known mini-
mum of distortion. The inductor
resistance is represented by R,;
whereas Ry represents the resistance
reflected into the tank circuit from
the load (succeeding amplifier,
transmission line, or antenna) by
the coupling system. It is assumed
that only resistance is reflected into
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Fig. 1-—Simplified circuit diagram of a triode radio frequency power amplifier

the tank circuit by the coupling
system.

It is understood, of course, that
the tube has been selected for this
amplifier, and that it will deliver
the expected output with the speci-
fied plate voltage, grid bias, and
excitation.

The relations between plate cur-
rent and plate and grid voltages
during a radio frequency cycle are
shown in Fig. 2. The instantaneous
grid voltage e, is equal to the bias
voltage E. plus the exciting voltage
which has the maximum value E.
Likewise, the instantaneous plate
voltage e, is the sum of the direct
current plate voltage E, and the
superimposed voltage across the tank
circuit, the latter reaching E, as
its maximum value. The plate cur-
rent ¢, flows during approximately
one-half cycle in Class B amplifiers,
and for a shorter period in Class C
amplifiers. Both ¢, and E; vary in
magnitude when the carrier is am-

plitude modulated, E, attaining
twice its carrier value when 100
percent modulation peaks are
reached.

Let P,=the power output of the
tube, delivered to the tank
circuit.

R =R, + Ry, the total series

resistance in the tank cir-
cuit.

V =E,/\/2, the root-mean-
square voltage across the
tank circuit.

I =2zfCV, the root-mean-
square current flowing in
C.

_ f =the carrier frequency.

Although strictly true only for
the case of an ideal parallel resonant
circuit, it is sufficiently accurate for
this discussion to assume that X,=
2=fL is equal to X.=1/2xzfC. Also,
with respect to the tank current,
it will be assumed that R® is small
compared with X,? in the expression
1.=V/VX.+ R, so that I, is sub-
stantially equal to V/X,. Then I,
is equal to I = 2xfCV = V/X;, and I
may be used as the root-mean-square
value of the tank current. The er-
ror introduced by these approxima-
tions is about one percent. The ratio
X./R and X./R will be designated
Qr, the figure of merit of the tank
circuit, as distinguished from Q.=
X./R,, the figure of merit of the
inductor. In this discussion the ca-
pacitor is assumed to have no re-
sistance.

When tuned to resonance (unity
power factor) the tank circuit will
appear to the plate of the tube as a
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PLATE TANK CIRCUITS

resistor having the value R;=
V*/P, ohms. But R; may also be
expressed in any of the following
forms.>*

Xt A =

Rr=—f— = = QrXc = QrXs
_XeXy _ 2fL L )
T R T " 2xfCR T CR

Energy is received from the tube
in pulses, a pulse each time plate
current flows, and is delivered to
the coupled load in a continuous
flow. This means, of course, that the
inductor and capacitor must act as
a flywheel or tank for the storage
of energy to maintain the flow. Let
us postulate steady state conditions.
Then just sufficient energy is re-
ceived by the tank circuit to main-
tain the oscillations at constant am-
plitude. Now at the instant the cir-
culating current is zero, the voltage
across the tank circuit is at its
maximum and all the energy is
stored in the capacitor. The amount
of this energy is 3CE;* or CV* joules.

The energy expended as heat in
the tank circuit and that passed on
to the load each cycle is equal to
that delivered by the tube each
cycle or P,/f joules. The ratio of
the stored energy to the energy lost
each cycle is fCV?®/P,. Multiplying
numerator and denominator by 2=,
we have VI/2zP,.

Prince and Vogdes™ work with
self-controlled oscillators yielded re-
sults showing that, for stability and
for minimizing harmonics, twice as
much energy must be stored in the
tuned circuit as is dissipated each
cycle. The ratio VI/2zP, is then
about 2. However, this requirement
is relaxed in the case of amplifiers,
especially if they are followed by
coupling systems or filters which
discriminate against harmonics. In
such applications, because of the ex-
ternal control of frequency and the
reduction of harmonics passed on to
the radiating system, a storage of
energy equal to about 150 percent
of the loss appears ample. The ratio
of circulating volt-amperes to out-

.
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Fig, 2—Voltage and current relations in a iriode power amplifier

put power may then be about 3=,
and the constants commonly used in
design computations are 9 or 10.
Then number and amplitude of
the harmonics emitted by the radiat-
ing system depend upon a number
of elements other than the power
amplifier plate load circuit. Gen-
eration of harmonics is reduced by
carefully selecting the operating
parameters for the tubes, and the
harmonics generated may be pre-
vented from reaching the output de-
vice by employing coupling systems
and filter networks which discrimi-
nate against them. The relation be-
tween the amount of tank current
and the second harmonic magnitude
has been measured and calculated
by Osborn,’ and the adjustment of
the tank current to minimize har-
moniecs has been treated by Dietsch.®
Both Osborn and Dietsch show the
rapid increase of the second har-
monic as the tank volt-amperes is
reduced below 47 times the power
output. However, the practice now
prevailing of using push-pull power
amplifiers minimizes the amount of
second and other even harmonics in
the output. In a push-pull amplifier
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the tank circuit must furnish the
flywheel effect for only one-half
cycle which permits the use of lower
values of the ratio VI/P,.

The choice of transmitter equip-
ment to be used in any case de-
pends upon the service requirements
and the economic considerations in-
volved. The plate voltage and the
excitation may be varied, within
limits, independently of these con-
siderations, but the addition of sup-
pressor networks or the elaboration
of circuits adds to the initial and
maintenance costs as well as to the
equipment failure possibilities. In
the case of tank circuits the rela-
tive costs of capacitors and induc-
tors for a given power output are
factors which determine the selec-
tion of these components. The usual
result is that the volt-amperes of
circulating tank current are not far
in excess of actual energy storage
requirements.

Obviously, the power wasted as
heat in the tank inductor varies di-
rectly with the high frequency re-
sistance, while the power passed on
to the load is I’Ry. It follows that
the tank circuit efficiency factor is
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R,/ (R, + Ry). In order to make
the circuit efficiency as high as pos-
sible it is necessary that the induc-
tor be designed for a minimum radio
frequency resistance at the fre-
quency contemplated. Because of
the change in the current distribu-
tion and density in the conductor,
the radio frequency resistance varies
with frequency in such a manner
that the Q, of any inductor is vir-
tually constant over a wide fre-
quency range. This figure of merit
is used for comparing different in-
ductors. The equivalent criterion
for capacitors is D=R.»C, where
R, is the radio frequency resistance
of the capacitor. This factor is not
often considered in transmitter de-
sign because in most capacitors D

Paraliel

In his paper Osborn' described
how too high a ratio of tank circuit
volt-amperes to output power caused
the tank circuit to discriminate
against the higher side band fre-
quencies. He also derived a formula
for calculating the distortion at any
modulating frequency for a given
ratio of VI to P,.

When it is desired to obtain a
measure of the amplifier output
channel width, a relationship similar
to f/(f:—f.) =Q, which holds for the
series circuit, might be convenient.
Here f is the carrier frequency and
f:—f=f—f, are the two side bands
so related to f that the output power
at f, and f. is one-half that at f
for the same voltage V. Under these
conditions @ is then the ratio of

Series

Fig, 3.—Parallel-to-series transformation of a triode amplifier out-
put circuit network

is rather small, and because for a
given frequency, mode of operation,
and cost the choice of capacitors is
limited. Ordinarily, there is some
latitude in inductor design. This
subject has been treated in a num-
ber of books and periodicals.

With respect to the figure of
merit of the tank circuit, Q,=X,/R,
where R=R, + R,, the following re-
lations are assembled for reference.

Rr=V*/P = X1 2/R =QrXL
and Xz =V /I, approximately.

Rr _ V¢ I VI
vV

XL Py

P, (2)
That is, Q. is also the ratio of the
tank current volt-amperes to the
tube power output, and therefore
indicates the energy storage capa-
bility of the tank circuit.

Qr=
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the total inductive (or capacitative)
reactance to the total resistance, in-
cluding that in the generator. Hence
for a given carrier frequency f and
a given value for Q the channel
width between the half-power (or
3 decibels down) frequencies can be
readily computed.

However, to make use of this con-
cept in power amplifier plate tank
circuit design it is necessary to take
into account the equivalent series
resistance in the plate circuit due
to the tube resistance shunting the
tank circuit. The relation of this
internal resistance to the tank cir-
cuit is shown in Fig. 3, in which
the tube output circuit is redrawn
to place all the resistance in adja-
cent branches of the network. L
and C are the tank inductance and
capacitance, R=R, + Ry, and R, is

the apparent internal resistance of
the tube plate circuit path viewed
as an alternating current generator.
Then by the use of Thevenin’s equiv-
alent series circuit theorem we ob-
tain the series impedance, Z,=R, +
iX..

_ BB +iX1)

T Ry+R+jXL

_ (BoR +jXLRy) [(Ry+R) —j X1
(Ry+ R)* + X1

RyR(Ry +R) + RyX1?
(Rp+ R+ Xi?

(Ro+ R)Ry XL — ReRX

(Ro+RY+X12
The Q of the output circuit will be
designated @, and is equal to the
reactance divided by the resistance,
or X./R,.

+J

0, — Bo+ RURSXL = RR)X
® " RyR(Rp+R)+RpX1?

R X1
RyR(Rp + R) + Rp X 1P

Since R is small compared to R,
R, + R=R,, very nearly. Then

Qo = _ RiX
¢ Ry + RpX1? (3)

The ratio of the channel width
(between the half-power frequen-
cies) to the carrier frequency is

(f:=1) /f=1/Q..

1 RbR+XL2_ - ReR X2
Q. Ry X1 Ry XL RyXL
1 XL
T Qr . Ep

Equation (3) indicates the rela-
tion which exists between R, X,,
R:, and R, for the assumed 3 deci-
bel distortion limit. That is, for a
certain desired value of (f.—f:)
at a carrier frequency f, the value
for Q. determined by Egq. (3) may
not be exceeded. Since K, and R,
are fixed when the power output
and the tube operating parameters
are set, the limitation falls on Q.
X,:, and R, and determines an in-
ferior limit for the tank reactance
and the coupling to the load.

Equation (3) serves as a guide
for the power amplifier output chan-
nel width. To apply the equation it
is necessary to find the value of R,,
the apparent internal resistance of
the amplifier tube plate circuit. This
may be done as follows. In Fig. 4
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is shown the relation of R, to the
tank circuit, the latter indicated by
R,. In this diagram I.’R.=P,, the
tube output power; and IR,=P,,
the power loss in the tube.

& _ I.2Ry _ Ry
P, IRt ~ Rr
Hence, Ry = % X Rr 4)
]

It will be noted that R, is not the
alternating current plate resistance,
7,, included in the tube data by man-
ufacturers or calculated from static
characteristics. The tube plate re-
sistance has a finite value only when
plate current is flowing, and in-
creases without limit during non-
conducting intervals. Further, plate
current flows only during periods
when the instantaneous plate volt-
age is low, as may be seen in Fig. 2.

If R,, the apparent resistance, is
large so that X,/R, is small com-
pared to 1/Q., @, will approach Q.
as a limit and the selectivity of the
entire output circuit will approach
that of the tank circuit alone.

Usually X,/R, is comparatively
large, making @, much less than Q.

In amplitude modulated amplifiers
conditions at 100 percent modula-
tion should be investigated in the
event that changes in bias and oper-
ating angles affect impedances and
distortion.

Conclusion

In this discussion two limits have
been found for the ratio of power
amplifier tank current to output
powers, a minimum value deter-
mined by energy storage require-
ments, and a maximum which is de-
termined by the tube constants and
output distortion limitations. It was

also noted that this ratio is @+, which
is equal to the quotient of load re-
sistance R, divided by the reactance,
X, or X., and to the quotient of the
reactance divided by the total series
resistance in the tank circuit.

Appendix

To justify the approximations pre-
ceding Eq. (1) the following de-
velopments are appended.

Let the impedance which the tank
circuit presents to the plate of the
tube in Fig. 1 be Z; = R, + jX,.
Also, for simplicity, let R = R, +
R,.

—JjXc(R +jXpL)
R +j(XL— X¢)
(X1Xe — jRXC)R — j{XL — X))
R 4 (X1 ~ Xc)*
RX . Xe—RXc(XL— X¢)

Zr =

Fig. 4—Triode am-

plifier output circuit

viewed as a gener-

ator with a resistive
load

— R?X¢c — X1 Xc(X1 — Xo)

T R (X = XoP
’ - RX®*
T OR*4 (XL — Xc2®
+j X1 Xc(Xe— X1) — R*X¢
’ R*+ (XL — X¢)?
For parallel resonance (unity

power factor) X, = 0, and the num-
erator of the second term in the
equation above must equal zero.

X Xe(Xe— X)) R*Xc =0
XL Xe— X1)=R?
X Xe— X12=R?

R*4 X;2? R?
+ Xz - Xi+

Xc= XL Xz

A hypothetical tank circuit may
have an R; of 1000 ohms and a Q-
of 10. Then X, will be 100 ohms,
and R will be made 10 ohms by ad-
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justment of the coupling to the load.

10*
100

Xc =100 + =100+ 1 = 101 ohms

Hence, equating X, to X, in this
case introduces an error of only one
percent. When Q. is greater than
10, X, will approach closer to X, in
size, and would coincide, of course,
if R could be made zero. However,
it is apparent that the error intro-
duced by this approximation will be
of the order of one percent in most
practical circuits.

To compare the current in the L
and C branches, let I, be the root-
mean-square current in the inductor
and I, the root-mean-square current
in the capacitor. The root-mean-
square voltage across the tank cir-
cuit is V. The current flowing in
each branch is equal to the voltage
across the tank circuit divided by
the impedance of the branch.

Vv 14
Igc=——and Il = ———
Xc \/XL2+Rz
Ie_ V. (VXZP+ER _V XP+R?
11, XC Vv XC

Inserting the previously assumed
values for X,, R, and X,

Ic _ N 100°+10° _ 10V 100 +1

I 7101 101
_10+ 101
101
Ic_ 10x1005 _ 1005
IL 101 (]!

Equating I; to I, involves an error
of only about 0.5 percent in a cir-
cuit with a Qr of 10, and this error
becomes less for higher values of
Q7. The errors introduced by set-
ting X, equal to X¢ and I. equal to
I, are small compared to the inac-
curacies in most of the data from
which power amplifier plate tank
circuits are designed.
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NEW RADIOGRAPHIC UNIT
AIDS INDUSTRY

Another example of the manner in which electronic engineering is aiding industry is given
by the new million volt industrial x-ray unit developed by GE engineers. Use of Freon
gas for insulation, resonance transformer for obtaining high voltages, and hot cathode

multisection tube with focusing coil are among major contributions

LECTRONIC engineering

chalked up another milestone in
its contributions to science, technol-
ogy, and industry recently with the
perfection by General Electric engi-
neers of the newly designed million
volt x-ray unit for industrial radiog-
raphy. The design and construction
of this new device have been in
progress for about four years, and
some half dozen units have been in
operation for a year or so during
which time they have undergone a
thorough “shake-down” test to dem-
onstrate conclusively, their practical
utility. Therefore, in a certain
sense, the million volt equipment is

Approximate exposure relations for various radiographic units

and different amounts of radium. Note that the million volt tube

makes possible the examination of very thick castings in less

than an hour while several hours or even days would be
required for lower voltage units

The hot cathode, multisection x-ray tube with filament at upper
end and target at bottom is the key to the new radiographic unit

not entirely new. Still, the sym-
posium of scientific and industrial
workers, held in Schenectady on
October 7, in which the new equip-
ment and its applications were dis-
cussed by those who have been in
intimate touch with the development
and industrial application of such
units, brought forth and displayed
publicly for the first time, those
many modifications and improve-
ments of past practice which makes
the present equipment outstanding.

Principal feature of the new
radiographic unit is, of course, the
fact that at one million volts it op-
erates at two and one-half times the

I Daye

voltage of previously available units.

Increased voltage is not the com-
plete story, and, indeed, this step
could not have been made with-
out the accompaniment of other im-
provements all of which aided in the
production of a completely new and
fully integrated unit. The develop-
ment of a hot cathode, multisection
tube permitted the production of a
copious and consistent source of
electrons by which x-rays could be
produced in a tube in which the volt-
age gradients could be restricted to
safe limits. The use of this tube in
a self-rectifying circuit arrange-
ment eliminated the rambling, space

I 1 1
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Simplified wiring diagram of connections

for the x-ray unit. The section in upper

right corner is contained in the tank, while

rest of equipment is relay rack mounted
control system

consuming rectifiers of former in-
stallations. The development of a
180 c¢ps resonance transformer made
possible the generation of the high
voltage utilized by the tube, while
at the same time provided an un-
usually compact and fool-proof hous-
ing which automatically affords the
necessary protection from high vol-
tages even without the outer shell
casing, by permitting the tube to be
inserted within the transformer it-
self. The complete removal of air
and moisture from the transformer
and tube housing, and its replace-
ment with Freon, a gas of unusually
high insulating properties, has per-
mitted great reductions in the physi-
cal size of the complete unit for a
given operating voltage. Finally,
provision for focusing the beam of
x-rays not only permits the attain-
ment of more sharply defined radio-
graphs, but speeds up the taking of
test and routine radiographs by
making unnecessary the use of
lead blocks for the reduction of
scattered radiation through appro-
priate shielding.

The complete million volt indus-

Focusing
coil

Sectional drawing of the multisection x-ray

tube concentrically mounted within the high

voltage resonance transformer, The unit has

a diameter of 3 feet and a total length of
6 feet

trial x-ray unit is housed in a tank
4 feet in length and 3 feet in diam-
eter, but the projections of the con-
centrically mounted x-ray tube and
other parts increase the overall
length to about 6 feet. The unit
weighs 1500 pounds and is suffi-
ciently light and flexible as to be
readily moved about by means of a
crane for the examination of indus-
trial welds and castings which may
weigh as much as 60 to 90 tons.
Lest the reader gain the impression
that three-quarters of a ton hardly
represents a portable unit, it is well
to point out that this represents the
complete x-ray unit, except for the
appropriate relay-rack type of con-
trol panel, and to point out further,
that only a few years ago a multi-
story building was required to house
an 800,000 volt medical radiographic
unit; that an 800-kv multisection
tube operated in air was 14 feet long
and 1 foot in diameter, while the
million volt tube operated in an
atmosphere of Freon, has an insulat-
ing envelope 30 inches long and 3%
inches in diameter.
(Continued on page 110)
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DIELECTRIC IGNITERS for

A study of the igniting conditions in mercury pool tubes indicates that conduction can be
initiated by a dielectric igniter. Use is made of the ability of glass to withstand increased
potential gradients as its thickness is decreased. This article gives the fundamentals of suc-

cessful tube operation, and indicated good agreement between the theory and experiment.

BOUT thirty years ago Peter
Cooper Hewitt started an arc
on a mercury pool cathode by apply-
ing high voltage between the cathode
and a metal band placed around the
tube at the mercury level. Because
of its simplicity this method for
starting has been used to some ex-
tent since,’ mainly for arc lamps.
However, it is not very reliable be-
cause of the formation of neutraliz-
ing charges along the glass wall and
also because of the danger of elec-
trical breakdown of the tube walls.
An improved dielectric starter
was devised several years ago® by re-
lieving the dielectric layer of its for-
mer duty as a wall of the tube. It
thus became possible to make the
layer very thin and to take advan-
tage of the singular property of
glass to withstand an increased
voltage gradient for very thin
layers.®

Fig. 1—Cross section of igniter element in mercury pool, showing
the meniscus which is formed at the edge of the starter electrode
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By HANS KLEMPERER

Raytheon Mfg. Co.,
Waltham, Mass.

A typical dielectric starter con-
sists of one or several wires of
tungsten coated with glass and float-
ing on or dipping into the mercury
pool. Typical dimensions, as given
in Fig. 1, are: radius of the core
wire r = 0.325 mm (25 mil wire)
and thickness of the glass layer d
= 0.075 mm (3 mil). So long as the
mercury pool is free from impurities
and resulting chemical deterioration,
a meniscus depression exists at the
edge of the starter forming a curved,
wedgelike approach from mercury to
glass.

To present a possible theory of
the dielectric starting mechanism, a
magnified section of Fig. 1 is shown
in Fig. 2. No particular significance

need be applied to the exact geome-
try of the meniscus with a quiescent
pool because in ordinary operation
surface ripples always exist which
continuously change the form of
the meniscus. It is therefore as well
to consider a meniscus bounded by
plane surfaces. Calculations of the
electrostatic forces involved and de-
forming the meniscus are given in
the appendix.

The lines of force of the electric
field pass from starter core wire, W
through the glass dielectric (dielec-
tric constant £ = 5) to the mercury.
Others also pass through the menis-
cus depression (§ = 1) into the
cathode pool (Hg). The voltage ap-
plied to the starter is E, and E, and
d are voltage drop and width along
a line of force across the layer, while
E.; and 3 are correspondingly voltage
drop and length of field line across
the vacuum gap that is formed by

Fig. 2—Field configurations of the starter element upon which the
principles of this article are based
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Fig. 3—Ignition characteristics of the dip-in starter elec-
trode. Ignition occurs for voltages above 3.000 or 4,000 volts

the meniscus. The field in the dielec-
tric layer is F, and F, is the field
in the gap. )

E+E=E

Now
and F; = EFI
or E,/6 =t E/d
Therefore
E1 = Ez d/f 5
d
and E=E (l + 3
Hence, E; = 3 and Fy; = p]
1+ — 5+ —
£é ¢

and for 6¢¢ d we have approximately F, =~
¢ E/d.

Therefore, applying 5 kv to the
above starter (E = 5000 volts) the
field at the bottom of the gap may
build up to

Fy = 5 X 5000/0.0075 = 3300 kv per cm

while the strain on the insulating
layer is not larger than

Fa2 > 660 kv per cm

Thus, without undue strain on the
dielectric layer, an exceedingly high
field is built up on the edge of the
mercury pool. Since cold emission
starts at around 1000 kv per cm* it
appears that under favorable cir-
cumstances a starter of the described
dielectric type may initiate a dis-
charge from a pool at as little as

1500 to 2000 volts. This is indeed
the lower voltage limit at which occa-
sional discharges are observed
around the starter.

If the mercury in such a tube
develops an oxide film or if, due to
other chemical impurity (copper or
barium amalgam, for instance) it
gets sticky, the meniscus depres-
sion disappears and the mercury
starts to wet the surfaces. Such tubes
get insensitive, for although the
starter may be satisfactory in every
other respect, it cannot raise the
critical field strength to the cold
emission limit. It seems to be a fact
strengthening the above theory that
at the same degree to which the
meniscus depression disappears (due
to gradually developing stickiness)
starting sensitivity is reduced.

Under favorable conditions cold
emission adjacent to the starter is
followed by formation of a self-sup-
porting gas discharge and a cathode
spot on the mercury pool. Such
favorable conditions are a gas or
vapor pressure sufficiently high to
cause ionization of the emitted elec-
trons at such a distance that the
ions will strike back on the original
point of emission without too much
dispersion. For these reasons, start-
ing below freezing temperatures is
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difficult unless some inert gas is
added to the mercury vapor in the
tube.

The time of buildup of the di-
electrically ignited discharge has not
been accurately measured experi-
mentally, but from theoretical de-
duction it can be assumed to take
place within a few tenths of a micro-
second (see appendix) which is also
approximately the pickup time of
thyratron and ignitron tubes.

No appreciable heat appears to be
involved either in dielectric ignition
or in support of the mercury pool
cathode spot. A field strength of the
order of 100 kv per cm enables the
free conduction electrons within the
atomic structure of a metal to over-
come the barrier of the surface
forces and to leap the surrounding
space. In contrast to thermionic
emission this so-called cold emission
is not affected by temperature, at
least in the range between room
temperature and incandescence,” but
it is mainly a function of voltage.®
Similarly, as shown by L. Tonks and
others, the cathode spot on a mer-
cury pool consists of a high ionie
charge in so close proximity to the
pool surface that electrons contin-
uously are liberated. The luminosity
of the cathode spot is not a temper-
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ature radiation but it is due to
excitation and recombination of
ions. Therefore, although the arc

develops in the immediate proxim-
ity of the thin, vulnerable starter
coating, no evidence of heating of
that glass layer has been encountered
even with currents rising in a few
milliseconds to thousands of am-
peres, as happens in some welding
applications.

It has often been suggested and it
probably will be the future trend
to use dielectric starter materials
with a higher dielectric constant.
Pyrex glasses have a dielectric con-
stant of about 4 to 5; there are
glasses with £ = 16; there are ceram-
ics containing Rutil (TiO,) with § =
100 and with certain crystals much
higher dielectric values have been
observed. With such high dielectric

of the meniscus depression, cleanli-
ness of the mercury, the possible
effect of free charges on the glass,
ete. Therefore, the prediction of
ignition of a dielectric starter from
a probability (random) law is as
impractical as the prediction of back-
fires in a high voltage tube. Test
results are shown in Fig. 3 for a
mercury pool tube with a single dip-
in starter of the type described
above. The curve gives average val-
ues and is arranged to cover as many
measured points as practicable.
These points were measured using
an ignition counter and a response
counter while the tube was excited
from a 60 cps peaker transformer
with an impulse voltage 30 deg in
width at base of wave. Using sine-
wave excitation the distribution of
points is more erratic and average

Fig. 4—View of pool cathode with floating starter assembly

material, sufficient field strength at
the mercury-dielectric point of con-
tact could be obtained using a much
thicker dielectric layer and therefore
possibly be cut into such thick lay-
ers to further increase the area
available for the formation of menis-
cus depressions at the contact edge
to the mercury pool.

Experience shows that the igni-
tion voltage limits, below which the
dielectric starter will fail to ignite
and above which it will operate re-
liably, are not sharply defined. A
great number of independent fac-
tors influence ignition potentials,
as, for instance, the erratic shape
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starting values are between 10 per-
cent and 20 percent higher. The
measurements were made with mer-
cury condensing at room tempera-
ture.

The influence of age on the start-
ing characteristic is not yet suffi-
ciently explored to allow giving defi-
nite information in connection with
surface deterioration and insensitiv-
ity as may influence life. Such
effects, however, may be caused by
impurities which however do not
necessarily follow with extended use
of the tube. In contrast, only a slight
initial decrease in sensitivity and a
remarkable stability thereafter have

been observed with properly pro-
cessed tubes during about one year
of operation on welding duty.

Vibrations upset measurements of
the starting characteristic by caus-
ing frequent ignitions at exception-
ally low voltages. Sudden variations
of the meniscus shape and perhaps
also friction phenomena are believed
to be the reason. Very similar to
the influence of mechanical vibra-
tions is the effect of steep wave
fronts on the starting voltage. Here,
too, the meniscus is suddenly agi-
tated and may be ruptured in some
cases by the rapidness of appear-
ance of the electrostatic force. (See
appendix for calculations.)

Above the zone of erratic be-
havior, and below the breakdown
limit of the glass, a relatively wide
range for reliable practical opera-
tion exists. This practical range
(from 5 to 9 kv) is sufficiently wide
and stable to grant the practical
applicability of the dielectric starter
types in their described present state
of development.

In tubes containing mercury
vapor alone, most favorable starting
conditions fortunately prevail at
normal operating temperatures. At
low temperatures, around 0 deg C,
operation stops in tubes of the usual
construction. The starter produces
tiny sparks at the edge of the mer-
cury, but the ensuing discharge is
not concentrated enough to produce
the high local ion density necessary
to build up the luminous cathode
spot. Towards higher temperatures,
on the other hand, the limit of oper-
ation is reached beyond 80 deg C. At
this temperature the mercury pres-
sure is so high that a glow forms
around the starter lead inside the
tube. This glow drains the ignition
voltage source and reduces the
starter potential below the value
required for ignition.

The capacity of a single starter
element which dips 1 ¢m into mer-
cury is about 15 ppf. Such single
starters are not practical; present
day tubes contain several starter
elements connected inside of the
tube to their common supply lead
through fusible links. If one starter
element should contain an overlooked
manufacturing flaw, or, due to acci-
dental overvoltage should become
punctured and make connection to
the pool, the fusible link is blown,
and the rest of the starter assembly
is kept operating as before. Such
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assembly starters have capacities be-
tween 30 and 150 puf, the lower
values corresponding to the dipping
type used for smaller tubes and the
larger values to the floating type in
bigger and more expensive tubes.
(See Figs. 4 and 5). At 3 kv rms
such starters draw a charging cur-
rent of 30 to 150 microamperes at
sinusoidal 60 cps excitation, or con-
sume about 150 to 750 milliwatts.
Resistors of the order of 10 to 100
megohms are allowable in the igni-
tion circuit. To pass the increased
amount of instantaneous charging
current these values must be re-
duced by the factors 10 or 100 (de-
pending on steepness) if peaked
starting impulses are used.

Several outstanding features of
the mercury pool tube with a dielec-
tric starter appear from the fore-
going description. It combines the
peak current carrying ability, in-
herent to mercury pool cathodes,
with a very low starting power re-
quirement; the dielectric starter
does not overheat from excitation at
high frequencies, and no rectifying
means are necessary in the starter
circuit. Though present experience is
too limited to review the practical
applications of the new tube, it can
be stated that its life and reliability
seem amply sufficient to grant it a
place of its own amongst the re-
lated members of the tube family.

Appendix

A typical starter has the follow-
ing dimensions:
Radius of conducting core r =
0.325 mm
Thickness of
d = 0.075 mm
Dielectric constant of
§=5
Voltage applied between core
and mercury pool E = 5 kv peak

insulating layer

layer

1. The highest dielectric stress in
the layer, at its inside bordering the
core wire:

E -
r+d
In (—_r )
At breakdown voltage E; = 12 kv
the field across the layer becomes
1780 ke per cm,
2. The electrostatic force deform-
ing the meniscus gap and pressing
the mercury on the layer:

1
P=—¢ttFul;
2

= 740 kv per cm

v E
Hy = ——
(r+ d)In (’+ d)
£, = 0.886 X 10-1 2P ¢
volt em

WaHsec
3

= 0.08 ——— or 0.82 Kg/cm?

or about 11 pound/square inch**

At 60-cps excitation this force varies
120 times per second between zero
and full value and is responsible for
a visible stirring of the pool sur-
face and for a variation of starter
capacity and pickup voltage.

3. The capacity of a single dip in
starter of the above dimensions,
dipping about ! = 10 mm into the
mercury pool, in farads, is

2w £ Ed
(r+d)
in
5

Experimental values are about 15 puf.

C= = 133 X 10-©

Let 1, be the cold emission current, having
a value of 1 ma,
i: be the anode current after establish-
ment of the discharge, and having
a value of 10 amperes,
{ be the time required to establish the
discharge,
it be the electron transit time from
cathode to anode, determmed from
the equation, (2md?/e E) %
Z be the number of ions formed by one
electron during one transit, and
having a value of approxlmately
0.15 for 1 micron pressure and 50
volts average electron velocity,
d be the distance between cathode and
anode, equal to 5 cm,
E be the anode voltage, (100 volts),
and
¢/m be the ratio of charge to mass of an
electron, and equal to 1.77 X 108
absolute electromagnetic units per

gram

1
io=i.+ (Z/tg)fi dt

div= (Z/ty) i dt]

Then,

t=0;t=1.
it = i exp (Zt/tr)

Fig. 5—Assembly of tubes with dielectric igniter, as used
in industrial equipment

4. On the capacitive current of
the starter there is superimposed
an ohmic leakage current of the same
amount of a few microamperes. Re-
sistance measurements with a dip
in the starter showed almost the
same value of 3 X 10° ohms at room
temperatures with d-c and 60-cps
excitation for voltages between 3 kv
and 5 kv. From this, the resistivity
of the glass layer is found to be 10"
ohms per cm.

5. The pick-up time of the dielec-
trically started discharge may be
calculated as follows:

_Kt breakdown voltage the electrostatic

force across the layer rises to almost 2
atmospheres.
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(t:/Z) In (%/70)
9.7 X 10 -8 sec.

A more exact calculation should
take into account the increase of ¢
due to ionizing collisions and would
lead to a somewhat greater value
of t.
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MASS PRODUCTION for

By HOWARD J. EMERSON

TIMULATED by the greatly increased demand

of recent months for their products, manufac-
turers of precision radio equipment, including
receivers and transmitters, have adopted mass pro-
duction methods to replace the formerly used “custom
built” methods. It has been necessary to maintain
the accuracy and quality of workmanship achieved
by a few skilled workers building a complete unit
from the ground up. A few organizations have made
this transition successfully, and others are still work-
ing to adjust their factory technique to get the most
out of the heavy influx of new orders.

As an example of how straight-line production can
be made to produce precision electronic equipment in
large quantities without sacrificing quality, ELEc-
TRONICS offers a study of the production line at The
Hallicrafters Co., Chicago. One of the leaders in the
manufacturing of communication receivers and low-
powered transmitters, Hallicrafters has stepped up
production to an estimated 35,000 units for 1941
through the development of this new technique. Their
engineers have worked out a form of straight-line
production which is a modiflcation of the factory
plan used by most manufacturers of home receivers,
except that the assembly line is interspersed with
inspectors at frequent intervals to keep each opera-
tion at a high quality level.
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It is a very easy matter to say that this type of
apparatus should be produced in a high speed
assembly line, but it is quite different to design such
an assembly line to do the job. Different concepts
of how various operations should be performed are
necessary. Methods which are entirely satisfactory
for home receivers may or may not be adequate for
the precision equipment under discussion. Time
and motion studies must be made and the new per-
sonnel trained. In addition to the usual difficulties
of setting up a production schedule, there are the
difficulties of an organization which is used to think-
ing in terms of a very small number of units per
day, week or month, suddenly swinging over to manu-
facturing large numbers of units in the shortest
possible time.

In the Hallicrafters plant, the chassis of a receiver
or a transmitter travels directly along the assembly
line from the time it is stamped out until the com-
pleted unit is placed in a cabinet and checked against
laboratory standards or government specifications.
As the chassis is passed along the line the various
parts and sub-assemblies are inserted and connected
in much the same manner as it is done in standard
mass production lines for home receivers. Probably
the greatest difference between the Hallicrafters “pre-
cision” production line and the standard production

November 1941 — ELECTRONICS
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PRECISION EQUIPMENT

line is in the method of inspecting the partially
assembled units. Here, inspectors are placed after
every third operator to catch defects as soon as pos-
sible after they occur. In addition to physical tests,
the circuits are also given electrical tests to insure
that they operate properly as soon as they are com-
pleted. At a given inspection station, all the work of
previous operators is reinspected so that by the time
a receiver or transmitter is completed, some of the
work may be inspected as much as half a dozen times.
It is this rigid inspection plus a large number of
simple assembly operations performed by relatively
unskilled workers that permits the high quality of
custom built apparatus to be maintained in the face

On arrivel at the factory, all com-
ponents are inspected and checked

against the laboratory specifications

Hallicrafter’s Super Skyrider receives
final checking before engineers plan
a flow-sheet for ils mass production

‘l Finished engineering model of a
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PHASE SHIFTING

H

.  UP to 360 DEGREES

T is well known that in a circuit

composed of resistive and reac-
tive elements in series the voltage
drop appearing across the various
elements may be either in phase with
the current or leading or lagging it
by any angle up to, but not exceed-
ing 90 degrees, depending upon the
circuit proportions. It is a patent
fact that the great bulk of the phase
shifters in use today utilize this
principle in its simplest form. There
appears in the literature little speci-
fic information on phase shifting
bridges and circuits, with the re-
sult that many phase-shifting jobs
are done in a makeshift manner,
and no doubt many are not done at

“all. It is the purpose of this paper

to survey the general types of
phase shifters available, and to de-
scribe a continuously adjustable
0-360 degree phase shifter for oper-
ation over a wide range of fre-
quencies.

Single-Reactance Bridge Phase Shifter

A bridge involving a single re-
active element capable of a phase
shift from zero to almost 180 degrees
is shown in Fig. 1. A capacitance
is shown, although an inductance
would work practically as well. In
general, capacitive reactance ele-
ments are preferred over the induc-
tive because of the higher Q readily
attainable and because of economy,
and freedom from extraneous fields.
The principle of operation is dem-
onstrated in the vector diagram of
Fig. 1. The current I, flowing
through X. and R gives rise to
voltage drops I,X. and I.R which are
mutually perpendicular. The out-
put voltage is that vector voltage
appearing between the junction of
LR and I.X., and the junction of
IR, and I,R;.

If R, is equal to' R; the output
voltage will be equal to half the in-
put voltage and will remain constant
as long as the input voltage is con-
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Fig. 1—The single reactance bridge phase shifter and its vector

diagram.
angles

B

Output Yaltage
] o b

The output voltage is constant for varying phase
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Fig. 2—Diagrams showing how the circuit of Fig. 1 can be made

to produce varying output

stant. Figure 2 shows the effect of
an inequality between R, and R,.
If it is desirable to have an output
voltage that varies in a specified
manner with the phase angle varia-
tions, this feature may prove useful.
The output voltage can be made to
increase, decrease, or remain con-
stant with phase angle merely by
adjusting the ratio of R, to R, The
resistance (R, 4+ R;) could be a
potentiometer with the output volt-

voltages for varying phase angles

age connected to the slider for ease
in adjusting this ratio.

The impedance offered to the
source and to the load depends upon
the setting of R. For instance, when
E = 0, the input impedance is R,
and R, in series shunted by X., and
when R is a maximum (which is very
high compared to X.), the input
impedance is very closely R, and R,
in series shunted by R. Buffer
amplifiers or impedance-matching
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A review of the general subject of bridge phase shifters plus a description of a continu-
ously variable 0-360 degree phase shifter which is independent of frequency over a wide

range. A pair of ganged potentiometers having continuous resistance elements are used

Bv F ALTON EVEREST Oregon State College

transformers may be used to mini-
mize the effects of this variable im-
pedance. A tapped transformer wind-
ing may be used in place of R, and
R; if desired.

Double-Reactance Bridge Phase Shifter

A phase shifter similar in many
ways to the shifter described above
is the double-reactance phase shifter
illustrated in Fig. 3. An examina-
tion of the vector diagram will re-
veal that it is built up of two halves,
each similar to that of Fig. 1. In-
stead of terminating one end of the
output voltage vector at the fixed
junction of R, and R, as in the
single-reactance bridge of Fig. 1, it
is terminated at the junction of R,

ELECTRONICS — November 1941

Fig. 3—Double-reactance bridge

phase shifter and its vector dia-

gram. Note that the output voltage
is equal to the input voltage

Fig. 4—Laboratory model of the

circuit of Fig. 3. At 1000 cps a

phase shift of about 174 degrees
can be obtained

Fig. 5—Suitable resistance tapers
for bridge phase shifters. The
variation of phase shift with ro-
tation of the resistance shaft de-
pends upon this taper

Ll

Phase Shift-Degrees
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and C, which point moves with
changes in R,—R, setting, always be-
ing diametrically opposed to the
opposite junction point if B, = R.
and C, = C..

One of the big advantages of this
bridge circuit is that the input and
output voltages are always equal
as long as the resistance arms are
equal and the reactance arms are
equal. A 180-degree shift is available
if the resistance of R, and R, is
made infinitely large compared to the
reactance of C, and C.. The expres-
sion for the phase angle is:

X.
§ =180 — 2 arc tan —
R

The impedance of this type of
shifter also varies with the setting
of the adjustable arms. The input
impedance varies approximately
from a reactance of half that of one
reactive arm to a resistance whose
magnitude is half that of one re-
sistive arm. The output impedance
varies in a similar manner.

Percent Rotation
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An inexpensive double-reactance
bridge of this phase shifter is shown
in Fig. 4 built up in a form con-
venient for laboratory purposes. It
utilizes 0.01 microfarad condensers
for the reactance arms and a dual
250,000-ohm potentiometer for the
resistance arms. At 1,000 cps this
bridge will give a phase shift up to
about 174 degrees. The taper of the
resistance elements determines how
the phase shift varies with rotation.
For the shifter described above,
taper G (or taper 6) was selected,
which is readily obtained (in dual
form) on special order. Taper C (or
taper 1) spreads the calibration out
fairly well. (See Fig. 5.) The ideal
arrangement would be a tap switch
with the resistance of each point

say, -
degree steps. The -calibration of
these bridge units, and in fact any
of the simple phase shifters, will
hold for only a single frequency.
The constancy of the output voltage
of the shifter of Fig. 4 is shown by
the oscillogram of Fig. 6. The input
voltage was applied to one pair of
cathode-ray tube deflection plates,
the output voltage to the other pair
(through matching transformers to
work into the single-ended oscillo-
scope), and the exposure was made
while the knob was rotated.

adjusted accurately for,

Three-Arm Phase Shifter

All of the phase shifters described
so far, and many others, have double-
ended characteristics. It is often
very necessary to carry a common
lead (ground, perhaps) from the
input to the output. The phase
shifter of Fig. 7 does this. The in-
put voltage is applied to three arms
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(Left) Fig. 6 — Superimposed Lis-

sajous fiqures to show the constancy

of output voltage of the phase shifter
of Fig. 4

in parallel, one predominately in-
ductive, another resistive, and an-
other capacitive. The current
tlirough the L arm lags the appiied
voltage almost 90 degrees, . that
through the R arm is in phase with
it, and the current through the C
arm leads the input vcltage by al-
most €0 degrees. The voltage appear-
ing across the coupling resistors,
then, bear similar relationships to
the input voltage, because their re-
sistances are low compared to the
main reactance or resistance, so that
their presence is not disturbing. A
center-tapped potentiometer whose
resistance is high compared to the
coupling resistors is used to vary
the phase of the output voltage from
nearly + 90 degrees to neariy — 90
degrees.

One of the chief characteristics
of this phase shifter is that the
output voltage is very much smaller
than the input voltage. For this rea-
son, the impedance of the center-
tapped potentiometer should be as
low as possible consistent with
coupling resistor size to minimize
hum pickup. The component values

Fig. 7 — Three-arm
phase shifter in
which the input and
output have com-
mon leads. The out-
put voltage is about
one percent of the
input voltage

Fig. 8—The 360-degree phase shifter

in which are used two ganged po-

tentiometers whose contact arms are
set 90 degrees apart

shown in Fig. 7 are satisfactory for
1000-cps operation. For this case,
the output voltage is about 1/100 of
the input. For constant voltage out,
X, = R=X.,and R, = R, = R..
This phase shifter will work after a
fashion without the R-arm. The in-
put impedance is essentially con-
stant, although the output impedance
varies with potentiometer setting.

360-Deqgree Phase Shifter

Inasmuch as a maximum of 90-
degree phase rotation can be ob-
tained with an inductive reactance,
and a rotation of close to 90 degrees
in the opposite direction with a
capacitive reactance, special arrange-
ments must be made to obtain
greater than a 180-degree phase
shift. The diagram of the 360-degree
phase shifter to be described is
shown in Fig. 8. The heart of the
device is a pair of potentiometers
with a continuous resistance ele-
ment and a slider that can rotate
360 degrees. The resistance element
has a tap every 90 degrees. The
two potentiometers are ganged and
arranged so that, if corresponding
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WWW_americanradiohistorv. com




gL

Input Voltage (Ze)

Output Ivo//age

o
o™
o
=
o
>
o
2
=
5
&
@

180
Shaft Rotation-Degrees

Fig. 9—Voltage curves of the 360-degree phase shifter
showing variation in output voltage as the phase is shifted

Amplifier

(Constant
output
voltage)

Fig. 10—Circuit of a 360-degree phase shifter which is
independent of frequency

(Left) Fig. 11—Laboratory model of the 360-degree phase
shifter whose circuit is shown in Fig. 8. (Right) Fig. 12—
Lissajous figures taken with the 360-degree phase shifter
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taps are in line, the sliders are mu-
tually perpendicular. A voltage is
applied to terminals C and D on
one potentiometer, and the same
voltage shifted 90 degrees is applied
to the corresponding taps (4 and
B) of the other unit.

Any voltage appearing between
terminals A and B will cause equal
currents to flow down each side of
the potentiometer, establishing mid-
points at O and O’. The midpoints
of both potentiometers will be at
the same potential provided the re-
sistance elements are constructed
uniformly and the taps located accu-
rately. Therefore, we know that if
the slider moves between A and B
the voltage between the slider and
the midpoints will vary in magni-
tude but not in phase. The same
applies to the voltage from the other
potentiometer, but there will be a

Fig. 13—Composite Lissajous figures show-
ing constant input voltage and changing
output voltage of the circuit of Fig. 10

phase difference of 90 degrees be-
tween any AB voltage and any CD
voltage. Therefore, the axes shown
as an insert to Fig. 9 may be set
up. If the sliders are in the positions
shown in Fig. 8, one voltage com-
ponent will be half of O’A and the
other half of O’D. These two com-
ponents are in quadrature and com-
bine to give a resultant which is the
output voltage. As the shaft is ro-
tated through 360 degrees, the CD
and AB components vary as shown
in Fig. 9, assuming 0 degrees shaft
rotation is the position shown in
Fig. 8 and that the rotation is clock-
wise. The output voltage varies be-
(Continued on page 122)
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Electronic Pyrometer Control

A single tube control circuit automatically controls temperatures up to 3300 deg. F. in

industrial furnaces using a thermocouple to measure temperature and a meter movement

which sets the circuit into oscillation

By F. B. MacLAREN

Formerly with
The Bristol Company, Waterbury, Conn.

HE application of electronic cir-
cuits to industrial apparatus has
simplified and improved the per-
formance of many electrical and me-
chanical control systems. In the
field of pyrometry, for example,
mechanical devices have been used
for a number of years to regulate
the fuel supply of industrial ovens
and furnaces where constant temper-
ature is required. These employ a
motor-driven chopper bar to engage
the pointer of a millivoltmeter pyro-
meter and thereby actuate an elec-
trical contact as the temperature
varies above and below the set con-
trol point. Although satisfactory
operation is obtained, there are sev-
eral disadvantages to this method.
Electron tube control circuits will
eliminate most of these disadvan-
tages; for example, mechanical en-
gagement of the pyrometer pointer
and objectionable time lag. In addi-
tion _all. of the moving parts are
eliminated, making for much sim-
pler construction.,

The control circuit is shown in
the accompanying diagram. It con-
sists of a single-tube oscillator, plate
and filament voltages being supplied
by transformer T, fed from the a-c
line. A relay M, controls the load
circuit and is actuated by the plate
current of the 2516 tube. A screen
potentiometer R, is used to adjust
the normal half-wave plate current
to an average value of 10 milliam-
peres, as indicated by meter M. The
oscillating circuit itself constitutes
an untuned grid coil L, and plate
coil L,, forming a type of Hartley
oscillator capacity coupled through
condenser C; and inter-electrode ca-
pacity within the tube. Another coil

50

Schematic wiring diagram of the elecironic pyrometer control unit
L]

L,, which is effectively a portion of
L., by virtue of its connection through
condenser C, is degeneratively
coupled to L, to normally prevent os-
cillation. When an aluminum vane
attached to the millivoltmeter
pointer enters the field between L,
and L, it acts as a shield to isolate
them electromagnetically and pre-
vent the degenerative action of L.,
thereby allowing the circuit to oscil-
late. Through the action of grid
leak resistor R, and condenser C, the
plate current then drops to its mini-
mum value of 0.5 ma. Another con-
denser “C;"acts as an r-f by-pass for
the screen grid. .

When the temperature is low, the
control circuit is not oscillating; the
plate current is at its maximum
value of 10 ma average; relay M,
is energized; and fuel is being sup-
plied to the oven or furnace under
control. As the vane attached to the
millivoltmeter pointer enters the
field of the coils L, and L., oscilla-
tion gradually increases as the coils
are more completely shielded from
each other, until the plate current
reaches its minimum value. This
region of current variation is, of

course, determined by the width of
the coils, which is normally 1/16
inch, and the shape of the leading
edge of the vane. The relay M, is
adjusted to operate at an average
current of 5 ma or at the mid-point
of the coils, to give a factor of safety
in each direction. Since the mil-
liammeter M indicates at all times the
operation of the circuit, it provides
a check on the condition of the
vacuum tube so that it may be re-
placed before it fails. The screen
voltage may be adjusted by means
of R, to increase the plate current
as emission drops off, or to compen-
sate for regional difference in line
voltage. Tubes have operated con-
tinuously in this circuit for over
four years without serious loss of
emission, or any change in the con-
trol point.

This particular type of circuit was
chosen for several reasons: (1) it is
extremely simple and stable, (2) any
failure of the tube or line voltage
will shut off the fuel to the furnace,
and (3) it eliminates all electromag-
netic and electrostatic force on the
millivoltmeter pointer. With a sensi-

(Continued on page 78)
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ATTENUATOR DESIGN

Formulas for Calculating Resistance Networks

The design of resistance networks, or pads, for matching the impedances of two connected
circuits, or for inserting a definite attenuation in a circuit, is simplified through the use of
design charts applicable to a wide variety of networks

By DAWKINS ESPY

KFI-KECA, Hollywood, Cal.

Chart II— Minimum Loss 1

T, H, T, O, Balanced Hand Balanced O |
Types of Pads

o
a
s
]
n
o
-l
: |
3 hac
£ 1]
¥ Formula
R2=/mpedance rctio 21
Simple voltage dividing network having N=dlecrbel loss BT,
given input impedance and specified loss, . N=20 logyy (R+VR?-7)
design data for which is worked out as
Problem 1

ETWORKS whose elements con-
N sist of pure resistances and whose

attenuation does not vary with
frequency are known as attenuator
pads. There are two common uses of
these resistance pads, namely, to match
the impedance between two circuits
and to insert a definite loss in a cir-
cuit. The physical interpretation of a
pad is a transmission line which has
no reactive characteristics, but rather
may be considered as a group of series
and shunt elements which are pure
resistances.

Three factors determine the design
of a pad. They are: (1) the input im-
pedance, (2) the output impedance,
and (3) the loss in decibels. For every
input to output impedance ratio there
is a definite minimum loss for which
the pad can be designed so that (2)
and (3) are not completely independ-
ent. To attempt to design a pad with
less than this critical loss would re-
quire that at least one of the resist-
ances be negative, which is physically
meaningless for attenuators built of
customary resistor elements.

In order to know which pad to em-
ploy for a particular use it is neces-
sary to know the electrical character-
istics of the various networks. When

5 4 5678510

Impedance Ratio

The minimum loss of any pad inserted in a circuit is given in

decibels for impedance ratios, Zi/Z, of from 1 to 100. The range

may be extended for values of from Z,/Z; = 0.01 to Z,/Z. — 1.0 by
forming the ratio Z./Z; which will be greater than unity

working into a high impedance device,
it is usually possible to use the simplest
form of attenuator, the potentiometer.
In this type the sum of the two resist-
ance arms is constant, but their ratio
is varied. When it is not necessary
that the impedance, looking back into
the output terminals of the attenuator
be equal to the load impedance, an L
type of attenuator may be used.

Pads of the T, H, =, and O types are
useful where the attenuator impedance
must match the load impedance. Such
a situation occurs in low level, low im-
pedance mixing and, in amplifiers with
eritical input impedance. When a pad
is in a ecircuit which must be balanced
to ground such as the input of a push-
pull amplifier, the balanced U, O or H
attenuators may be used. Formulas
are also included for the bridged T,

ELECTRONICS REFERENCE SHEET
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bridged H and bridged-balanced H.

The resistance values actually used
may deviate from the calculated values
by 5 percent without mismatching the
impedance by more than that amount,
and varying the loss more than 0.5 db.
Since the T and 7 pads occur most fre-
quently a second set of formulas which
are easier to work with than the al-
gebraic type, are included.

Very often it is desirable to have a
volume control which reflects a con-
stant impedance in both directions. It
is for this purpose that the bridged
version of the pads are most frequently
used. The bridged T, for example, has
the advantage over the ordinary T
that one less resistance must be varied,
yet it still retains the advantage of the
T in having zero insertion loss for
matching equal impedances.




Graph of hyperbolic func-
tions, which are used in
many design equations of
resistance networks. Note
that multiple scales for
the functions are given,
and that the sinh and cosh
functions are broken at
© =3 s0 as to obtain
greater accuracy

Graph for determining
percent distortion by not-
ing the gain required to
produce the original out-
put of a network, when
the fundamental frequency
is removed by use of high
pass filter
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Chart1ll
Hyperbolic Values

Formulas

Sinh 6= e"‘ze 8
Cosh O= "’*—29’9
Tonk 8= ef-e9

2 ad
Where e=2.718

—|
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Design Procedure

The steps in the design of any pad
may be summarized as follows:

1. Determine from Chart I the type
of pad best suited for a particular
use. In some cases particular networks
will be required; in other cases several
network arrangements are possible, as
indicated above.

2. Calculate the ratio of input to
output impedance (or output to input,
whichever is the larger), and by using
Chart Il determine the minimum loss
possible for the given impedances.
Chart II holds for T, H, =, O balanced
H, and balanced O types of pads.

3. From Table I find the value of K
corresponding to the desired loss in
decibels which must be equal to or
greater than the minimum loss deter-
mined in step 2.

4. Calculate the values of resistance
for the various elements from the
formulas given in columns 2 or 4 of
Chart I. If the hyperbolic form of the
formulas are used in the case of the
T, H, =, O, balanced H, and balanced O
pads, it is first necessary to check the
desired loss as explained in step 2 and
then determine © from the formula ©
= 0.115N, where N is the loss in db.
Then values of sinh ©® and tanh © in
the case of the T, H, or balanced H, or
the sinh © and cosh © in the case of
the =, O, or balanced O can be found
on Chart III. It will be noticed that
the curves for the sinh © and the cosh
O are broken up into two sections for
increased accuracy. .

5. When it is necessary to insert a
loss of more than 30 or 40 db it is
usually advisable to use two pads in
series such that the sum of their losses
is equal to the required amount rather
than a single pad.

Distortion Measurcments

For measuring harmonic distortion
a good method is to adjust the output
of the amplifier to the desired level
with a constant frequency input. A fre-
quency of 400 cps is usually used for
this purpose because the distortion at

»zemme: - this -frequency represents a good aver-

age of distortion throughout the audio
range. Then a high pass filter of good
characteristics is inserted to eliminate
the fundamental, and the amplification
in db necessary to bring the level back
up to the previous value is determined.
This may be accomplished by removal of
pads of known loss. Then by referring
to Chart IV, the harmonic distortion
corresponding to this attenuation may
be found. For example, if it were neces-
sary to remove a 30 db pad to regain
the original level, there would exist in
this particular amplifier 3.16 percent
harmonic distortion.

Chart I, at the right, shows the most
common resistance networks for communi-
cation uses, together with the design equa-
tions for both equal and unequal im-
pedances between which the pad works
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Mismatch Loss

If it is desired to calculate the loss
incurred by mismatching two circuits,
this can be determined from the follow-
ing equation:

N = 20 loguw I:(I‘i2 -+ 1)/21?]

where N is the loss in db, and R is the
impedance ratio. This is shown graphic-
ally in Chart VI. If, for example, the
mismateh was from a 1000-ohm circuit
to a 500-ohm circuit, or a 500-ohm cir-
cuit to a 1000-ohm circuit, the imped-
ance ratio would be 2:1 and would cor-
respond to a loss of 0.51 db.

Examples

Problem I. Design a potentiometer
having an input of 100,000 ohms and a
loss of 15 db.

Solution

1. From column 2 of Chart I the

formulas are:
=72 (K—-1)/K
R2 = Z]/K

2. From Table I the value of K for a
15-db loss is found to be 5.62.

3. Using this value of K in the
formulas above, the values of R, and
R, are found to be:

R, = 100,000 (4.62)/5.62 = 82,200 ohms

R, = 100,000/5.62 = 17,800 ohms

Problem II. Design a 20-db T pad
having input and output impedances
of 500 and 200 ohms, respectively

Solution:

1. The impedance transformation
ratio is 500/200 = 2.5. From Chart II
the minimum loss = 9 db.

2. From Chart I the formulas to be
used are:

”'Rl _ Z _ N
tanh ¢ sinh 6
B N2z
*~ "tanh 6 sinh @
P vV 7,2,
®~ " sinh 6

3. To use the hyperbolic functions it
is necessary to know the value of 6,
from which the hyperbolic functions

can then be found from Chart III,
9=0115 N = 0.1156x20 =23
. tanh 8 = 0.98
. sinh 8§ = 4.9
4. The values of the required resist-
ors are then:

o= 290 V500 x200
NSF o u

0.93 4.9
— 510 — 318 _ 510 — 65 = 445 ohms
49
Re= 2% _ 65— 204 — 65 = 139 ohms
7098 .
318
Ry = 19 - 65 ohms

Problem III. Design a bridged T
pad with 25 db loss and 500 ohms input
and output impedances.

Solution:

1. The formulas in column 6 of Chart
I are used.

Ri=Z(K—1)
Ro=2Z/(K—1)

2. From Table I the value for K for
25 db loss is found to be 17.78. Thus

K~—1=16.78

R = 500 x 16.78 = 8390 ohms
500

R2 = 16—78' = 29.6 ohms

Problem IV. Design a T network to
work between two 500-ohm circuits and
having a loss of 10 db.

Solution:

1. Formulas for the T network in
column 3 of Chart I indicate the de-
sired resistances are

R =R, =2 (K—-—1)/(K+1)
R, = 2Z,K/(K* — 1)

2. From Table I, K — 3.162

3. The resistances of the arms is:

R, = R, = 500x2.162/4.162
— 341 ohms.

R, = 1000x3.162/(10 — 1)
= 352 ohms.

—|Chart VI-Mismatch
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T |Formula

2= [mpedarce rotio 21 | | |

T 4 5467

M= decibe/ /0552

=20 logsy (RZ; ’)

[ I
8910 20 X 40 5060 R0 WD

Impedance Ratio z"fx’z [T

TABLE |—TABLE OF K VALUES
Loss Loss Loss Loss
in dh in dh in db in db
N K N K N K N K
S SR a00aE0R0 1.122
20 ..l 1.259
30 ool 1.412
40 ........... 1.585
50 ...l 1.778
60 ........... 1.995
U osocacas0a0 2,238
80 ........... 2,512
9.0 ........... 2.818
100 ........... 3.162
1.0 ........... 3.350
120 ....ohnnnn 3.981
130 ... 4.467
140 ........... 5.012
150 ..ovnnnne 5.623
160 ...t 6.310
170 .oovnnnnn 7.079
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The loss incurred by joining
together two circuits of differ-
ent impedance may be deter-
mined by finding the imped-
ance ratio and then reading off
the mismatch loss, K. above

Conclusion

It is hoped that the foregoing will
afford the reader the necessary data
for an intelligent approach to the de-
sign of any attenuator pad which he
may require. The author believes that
much of the material given here is
original with him, but mention should
be made of the article, ‘“Designing
Resistive Attenuation Networks” by
P. K. McElroy in the March 1935 issue
of the Proe. I. R. E., and the section
on Pads and Attenuators in the “En-
gineering Handbook of the N. A. B.”



Photoelectric
COOLING
CONTROL

Hot ore on a conveyor passes under an infra-
red sensitive photoelectric relay which
operates a solenoid valve to spray cooling
water on the ore as it is needed

By PHILIP EWALD

Tennessee Valley Authority, Wilson Dam, Ala.

ERTAIN industrial processes involve the calcina-

tion of ore in a kiln with subsequent cooling,
crushing, and finally, transportation of the product
on a conveyor. The cooling presents no complications
when material of uniform particle-size is discharged
from the kiln. The cooling problem is more difficult,
however, when lumps varying in size from dust fines
to large lumps are discharged.

At the TVA Fertilizer Works, phosphate is agglom-
erated before it is used in the electric furnaces for the
production of phosphorous and phosphoric acid. In the
preparation process, raw phosphate is passed through
a kiln, cooled in a rotating drum, and crushed to lumps
two inches or less in diameter. The hot crushed
material is discharged into a pan conveyor and subse-
quently onto a rubber belt conveyor. The pan con-
veyor between the crusher and the belt proved to be
too short for adequate cooling of very hot material,
resulting in the discharge of red hot lumps onto the
rubber belt with consequent burning. A continuous
water spray of sufficient capacity to cool the hot pieces
flooded the finer, cooler material, making a mud that
clogged the equipment.

An automatically controlled water spray located
over the pan conveyor transporting the crusher
product to the belt conveyor proved to be a satisfactory
solution to the problem. The spray was arranged to
turn on when hot material actuated a phototube relay
that was installed directly above the pan conveyor and
was sensitive to radiant heat from hot particles
passing beneath it.

The phototube relay operates a 110-volt solenoid
water valve, which controls the flow of water to the
spray head that is located far enough behind the photo-
tube assembly to compensate for the time lag in the
relay circuit. The sensitive relay in the tube circuit
has a drop-out 80 percent of its take-up value, which
provides satisfactory spray regulation. The equip-
ment may be adjusted to operate at any desired
radiant heat by adjustment (Continued on page 80)

}

Merocid
relay
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Circuit diagram of the infrared sensitive photoelectric relay. The three phototubes
conrected in parallel are mounted within a Pyrex glass cylinder. (Below) The
ore moves from right to left on the pan conveyor. The water spray (A) is mounted
away from the phototubes (B) to permit the ore to reach it before the water flows

The wall-mounted relay unit. Note that the sensitive relay is enclosed in glass
for protection against dust particles commonly found at an ore ireating plant
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TUBES AT WORK

Life of receiving tubes in aireraft equip-
ment, adapting television receivers to

new stand:rds, dew-point recorder and

antenna coupler in this issue

Receiver Tube Operation
in Aircraft

By J. E. M. LaAGaAssE, Radio Technician
W. W. H. DEaN, Radio Engineer

Trans-Canada Airlines

THERE HAS BEEN A RECENT tendency
among airlines on this continent to set
a definite maximum life limit on re-
ceiver tubes in aircraft equipment.
This has been as low as 500 hours in
certain cases, although the average is
1000 hours. A careful record of 28
montns operation has indicated that
this figure is much too low and that
tubes may be run in excess of 3000
hours without trouble. In fact, it can
be shown that much more reliable serv-
ice may be obtained by this method of
operation.

In June 1939, a card was set up for
each type of receiver carried in the
aireraft and a column provided for
each tube. Each time a tube was re-
moved because of a complaint, a nota-
tion was made in the proper column
giving date, aireraft number, hours
and type of complaint. The type of
complaint was given a code number,

hence a very brief notation was re-
quired to cross-index all tube troubles.

TABLE 1
Total number of tubes tested.. 1912
Total number of tubes rejected. 548
Time at Which Tubes Were
Rejected
On installation............ 24.0%

During first 100 hours....14.4%
During second 100 hours..10.8%

Beyond 200 hours.......... 50.8%
Function of Tube Rejected
Audio ......... ..ol 63.5%
All others ................ 36.5%
Reason For Rejection
Microphonic .............. 58.1%
NOISY ©ovvriiiiie e, 22.8%
Weak ......covevvernennn 8.5%
Open heater .............. 3.2%
Erratic .....cooviiieiinn.. 2.5%
Dead ....oivviiiniinenen,. 2.0%
Internal short............. 2.0%
Mechanical damage........ 0.9%

In all, 1912 tubes were checked and
of these, 548 were rejected, either at
the installation test or during subse-
quent operation. Table I is a summary
of the rejected tubes, showing the ac-

. cumulated hours on rejection, type of
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operation giving most trouble and the
types of trouble encountered. It will
be noted that 25 percent of the bad
tubes were caught on installation and
an additional 25 percent rejected dur-
ing the first 200 hours. This indicates
that careful checking in the early life
of an installed tube will reduce by 50
percent its chance of subsequent fail-
ure. Audio tubes are much the worst
offenders, as twice as many of this
type were replaced although they only
represent 35 percent of the total re-
ceiver tubes in use. The reason for
this is undoubtedly that most of the
rejections are due to microphonies or
other noise which might not affect the
operation of the same tube in an r-f.
circuit. Indeed, only 10.5 percent of
all the rejects have been for reasons
which would cause complete failure of
the receiver.

A more detailed survey of the num-
ber of tubes rejected during each 100
hours of service is shown in Fig. 1.
The first step of the graph is the
rejections at ‘“zero hours,” or on in-
stallation. Each of the following steps
represent the number removed during
each 100 hours up to a total of 3000
hours. A broken line joins the mid-
point of each 100 hour step to illus-
trate the rapid elimination of poor
tubes early in their life. This is quite
marked during the first 200 hours then,
for some reason, slows up until the 800
hour mark is passed, when it again
falls to a low and almost constant
level. The pronounced peak between
1200 and 1400 hours was caused by an
epidemic of heater failures. A number
of the receivers under observation
have passed the 3000 hour mark but
others are still between 2200 and 3000
hours. When all units have passed
3000 hours, it is expected that the lat-
ter part of the curve will be raised to
show a constant rejection of two or
three tubes per 100 hours. This is
extremely low, representing less than
0.25 percent of the number in use.

That the tubes are still in good con-
dition electrically and have not lost
any emission power is shown by the
sensitivity curve of Fig. 1. This is the
average sensitivity of a representative
group of communication receivers. No
change in sensitivity has yet been
noted up to the 3000 hour mark. In-
deed, it is not known whether emission
failure or mechanical fatigue will
eventually make replacement neces-
sary.

One fault which suddenly appeared
after about 1200 hours life was the
burning out of tube heaters. As all
commercial aireraft use 12- or 24-volt
storage battery electrical systems, it
is standard practice to connect two
6-volt tube heaters of the same cur-
rent rating in series. A number of
series groups are then connected in
parallel to give a 12-volt bank of
heaters. For 24 volt operation, two
such 12 volt banks would be connected
in series. When heaters are connected
in series, if the resistance of each is
not the same, there will be an unequal
distribution of voltage across the two.
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CINCH OFFERS A REAL METAL-PLASTIC
SERVICE FOR SMALL AND INTRICATE ASSEMBLIES

Making the metal parts, molding bakelite, fabr:cating its own

laminated material—"'vciniTe’". . . the manufacture, placing and
assem>ly of small parts is complerely done by cincm. For over a
_ quarter of a century cin¢e has constantly served a large number of
: /-) exacting users of their products. Its engineering and experimental
\J departments often effect savings by making s:mple mechanical
changes which lend themselves to high speed production. Adequate
special equipment available for assembling small parts in large
volure facilitates production of National Defense work.

Cinch and Qak Radso Sockets are licensed under H. H. Eby Sscket Paterts. ‘

& CINCH MANUFACTURING CORPORATION
2335 WEST VAN BUREN STREET, CHICAGO, ILLINOIS

SUBSIDIARY OF UNITED-CARR FASTENER CORP., CAMBRIDGE, MASS.
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A Gull Line of

RESISTORS AND
RHEOSTATS ¢ ¢ o

and a large stock of
component parts

Since 1924 H-H resistance devices
have been giving excellent service
in “tough spots” —where their stur-
diness and ingenuity of design are
vitally essential. During these six-
teen years, old customers have
ordered more, and hundreds of new
customers have learned that they
can rely upon our products.

Our regular stock includes over
100 standard resistor sizes—flat and
tubular—from 4 to 400 watts; and 9
standard size rheostats from 10 to 500
watts—ready for quick delivery
whether your needs be standard or
special.

Our engineering service—as
Tesistor specialists—is at your com-
mand. Our cooperation is offered to
collaborate with you in meeting
your needs most economically.

May we consult with
you on your next order?

HARDWICK
HINDLE:Inec.

NEWARK, N.J, U.S. A.
®

Resistors * Rheostats * Radio Frequency Reactors
Power Line Chokes O Line Voltage Reducers
Custom-made resistance devices of all types

www americanradiohistorv com

The current being the same, the tube
with the higher resistance will have
the higher voltage across it and will
dissipate more power. It has been
found that the resistance of all tube
heaters increases somewhat with use
and if one heater is running hotter
than the other, its resistance will in-
crease more rapidly, thus aggravating
the situation. Tests of new tubes have
shown as much as 0.5 volt difference
between a series pair; 3.5 volts dif-
ference has been observed after con-
siderable service. The worst unbalance
occurs when the series mate of a high
resistance tube is replaced with a new
tube.

This unbalance in voltage between
tubes causes greatly reduced life for

582 PR 5
6F6 Lo 1125
2051 £3
61510 Comparison of Re jections
6L7 0 WiH"\J Various Typer of Tubes
1246 ! During 3,000 Hours Service
6X7hmy 5

. 6KT7G M8

Rejection foctor

e Tofal No. of each tube Fipe reected
OHB G (o |9 " Mo of the Fype in one aircralF

0 10 20 30 40 50 60

Rejectian Factor,

Rejection factor of a variety of tubes
used in aircraft equipment. Tubes for
audio service gave the most trouble

the higher resistance heater. The dis-
tribution of voltage may be equalized
very conveniently by connecting to-
gether the midpoints of each series
group. This is equivalent to connecting
a number of tubes in parallel to give a
6-volt bank, then connecting the banks
in series. As all aireraft receivers
have at least six tubes, this places a
minimum of three tubes in each bank
(for 12-volt operation) and, with
random selection of tubes, the chance
of having an excessive voltage dif-
ference between the banks is negligible.
All the receivers under observation
were so modified and no further
heater failures occurred.

Several other steps have been taken
to reduce the number of tube com-
plaints. All tubes are given a vibration
test by the manufacturer. When
checked on a mutual conductance
bridge, any change in reading after
vibration rejects that tube. On in-
stallation they are again checked in
the receiver by tapping the tube vig-
orously and listening for noise in
the receiver output. The emission is
checked in an emission checker and
also by comparing receiver sensitivity
with the previously recorded value.

A chart was made of the number of

(Continued on page 62)
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SOLANTITE, 1NC. has, within the past vear, increased its
I production of high-quality precision ccramic parts to
five times the former output, in order to keep pace with
the constantly increasing demand for its products in
urgent defense work.

This exceptional inerease in output has been made pos-
sible by purchase of new cquipment which utilizes exist-
ing plant facilities to the full, by increasing operations
to a twenty-four-hour basis and by effecting every pos-
sible cconomy in manufacturing time.

Large as this increase is, Isolantite recognizes that a
still further expansion in output is necessary to antici-
pate the nceds of industry for quality ceramic parts.
With this end in view, Isolantite has initiated a program
of plant construction and improvement that will double
present eapacity—raising Isolantite’s output to ten times
the level of a vear ago.

Coustruction of a new three-story building that will
add 80,000 square feet to existing productive areas is a
major phase of Isolantite’s expansion program. The
new building will be provided with machinery of the
most modern type, and production lines will be planned
to maximum capacity. Rearranged facilities in exist-
ing buildings will contribute to the increased flow of
Isolantite” products.

Isolantite. Inc.is also concentrating its efforts towards
new and improved manufacturing methods. Modern
facilities and engineering research will maintain present
high quality standards for which Isolantite has heen the

60

leader. New hodies are now in the course of develop-
ment which will oifer to the electronic industry improve-
ments in both eleetrical and 1mechanieal properties. Per-
sonnel is being expanded to meet the demands of these
new and broadened facilities.

The recently ereated “Radio Specialties Division” is
constantly developing new items involving metal parts
in combination witlhe Isolantite for transmission line,
antenna and other important radio and allied produets.

Work has already begun on this expansion program.
With its completion in the early spring, Isolantite will
be ready to render more eflicient service in meeting
the demand for its ever-growing list of new products.

Legisiered frade-nante for the prodwcets of Isolautile, Ine.

L s &

N AVANTLTE

P N N z b 102

¥ _ == L
CERAMIC | LATORS
ISOLANTITE, INC. FACTORY: BELLEVILLE, NEW JERSEY

SALES OFFICE: 233 BROADWAY, NEW YORK, N. Y,

November 1941 — ELECTRONICS

WWW_americanradiohistorv com




Vacuum Tube
PERFORMANCE begins on
Eimac’s own MACHINES

Eimac tubes are different. Different in their outstandingly
superior performance capabilities ... the shapes of the
bulbs. .. the rugged design and the maierials used. They are
the only tubes on the market which are unconditionally
guaranteed against premature failures which result from gas
released internally.

So exacting are the production reqairements for Eimac
tubes that the tools are specially mace in the Eimac fac-
tory. The glass lathes . . . the vacuum pumps . . . there’s
many a “gadget” so unusual that procarement from a con-
ventional tool maker is impossible.

Follow the leaders to ®

TuBE®

Eitel-McCullough, Inc.
San Bruno, Calif.

;(. ]

J_/‘é' v

EIMAC REPRESENTATIVES

1'.‘

-

Texas, La., Okla., Ark.

Califorria, Nevada
HERB BECKER, 1530 W.
104tk 5t., Los Angeles, Cal.

. Y, N. J., Penn., Md., Del.,
Dist. ¢f Col., Maine, N. H.
R. ., Conn., Mass.

ADOLPE SCHWARTZ, 262

Graysoa Place, Teaneck, New

Jersey.

Wesh., Ore., Idaho, Mont.
GENZRAL SALES CO.,
Vemer - C. Jensen, 2605-07
Szconé Awve., Seattle, Wash.

Colo, Wvo.,, New Mexico,
Agizana, Utah
RICHARD A. HYDE, 4253
Cuitman St., Denver, Colo.

Chicago, lllinois, Wiscons n
G. G. RYAN, 549 W.
Washington Blvd., -Chicago,
Iil.

N. Caro., S. Caro., Georgia,
Tenn., Flor., Ala., Miss.
JAMES MILLAR, 316 Nirth
St. N. E., Atlanta, Georgia.

Expcrt Rgants: Frazar & Co., Ltd., 301 Clay Street, San Francisco

J. EARL SMITH, 2821 Live
Oak St., Dallas, Texas.
Ohio, Mich., Ky., Ind., Minn.,

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




DECADE AMPLIFIER

MODEL 220

MODEL 300
ELECTRONIC
VOLTMETER

MODEL 220
DECADE AMPLIFIER

e e

NEW ACCESSORY FOR MODEL 300 VOLTMETER
FOR MEASUREMENT OF VERY LOW A-C VOLTAGES

Decade Amplifier: This is a highly stable amplifier giving
accurately standardized gains of 10x of 100x over a fre-
quency range of 10 to 100,000 cycles. Operated by self-con.
tained batteries having a life of over 150 hours. Used with
our Model 300 Electronic Voltmeter (as shown in cut)
A-C voltages.down to 0.00003 volt (30 microvolts) can be
measured. By means of special circuits the gain is independ-
ent within 29, of circuit constants, battery voltages and
tubes. Fully described in Bulletin 7.

Electronic Voltmeter: A popular instrument for the
measurement of A-C voltages, 10 to 150,000 cycles, 1 milli-
volt to 100 volts (up to 1000 and 10,000 volts with Model
402 Multipliers). Logarithmic voltage scale and auxiliary
uniform decibel scale. A-C operated. By means of special
circuits indications are independent of line-voltage, tubes
and circuit constants within 39, over entire frequency range.
Several accessories, such as an artificial ear, vibration pickup
and multipliers are available. Fully described in Bulletin 6.

MADE BY

Ballantine Laboratories. Inc.

BOONTON, NEW JERSEY
ELECTRICAL AND ACOUSTICAL (INSTRUMENTS
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each type of tube replaced divided by
the total number of that type in one
aircraft installation, bringing ecach
type to a common denominator. This is
shown in Fig. 2 and quickly reveals
the tube types giving most trouble.
The metal types shown (12A6 to 6BR)
have been in use for nine months only
but the figures have been multiplied by
a factor to extend them as for 28
months service.

The greatest comparison is betwceen
the 6K6G and 12A6 tubes. The latter
is a beam output tube having a 12 volt
heater but otherwise interchangeable
with the 6K6G as used in the aircraft
receivers. As the 12A6 is so much
superior in performance, all output
tubes have now been changed over to
this type. The 6B8 metal tube also
shows up as superior to its glass twin,
with the result that the glass type
are now being replaced. It will be
noted that the 6C5G tubes are divided
into r-f. and audio service classes with
the audio tubes making a very poor
showing. Investigation is under way
toward using metal types for this pur-
pose.

As mentioned above, the greatest
source of trouble is with microphonics
and noise in audio tubes. Investigation
has shown that some types of audio
tubes perform better than others. It
is often possible to change the type
of tube in a receiver with a minimum
of modification. The cause of the noise
is vibration, hence, with metal, glass
and bantam tubes all available in most
types it should be possible to find one
less susceptible to this source of com-
plaint. In some cases, tubes of different
manufacture employing different ele-
ment structure may prove superior.

In conclusion, it might be said that
this report is not complete in that it
does not arrive at actual life figures.
However, proof has been presented
that the maximum reliability is ob-
tained by operating receiver tubes be-
yond 3000 hours. It will now be necces-
sary to watch the operation of these
tubes until complaints begin to in-
crease due to mechanical fatigue or
until emission begins to drop. It
would then be desirable to set a maxi-
mum life figure safely below that
which could be expected of the poorest
tvpe tube. All tubes in a unit would be
changed at that time to simplify ree-
ords and yet provide the greatest
service.

Tubes are now starting to play an
increasingly important part, not only
in aireraft radio, but in other indus-
trial applications where they are sub-
jected to severe vibration. It is felt
that with continued improvement in
manufacture, careful selection of tube
type and structure and thorough test-
ing beforc installation, tubes may be
as dependable as any other part of the
circuit. This is particularly true when
it is realized that once a tube has
graduated from the first few hundred
hours of service, it is actually better
than a new tube and has an excellent
chance of giving several thousand
hours of trouble-free service.
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Adapting Television Receivers
To the New Standards

SEVERAL READERS HAVE REQUESTED in-
formation concerning the modification
of television receivers, originally de-
signed for the RMA Standards, so that
they will operate satisfactorily on the
NTSC standards, recently adopted for
commercial broadeasting by order of
the FCC. The changes in the standards
which affect receiver operation are the
increase in the number of lines per
frame from 441 to 525 and the adop-
tion of frequency-modulation for the
sound channel. Fortunately, both of
these changes may be accommodated in
existing receivers with minor adjust-
ments of the circuits. The performance
of receivers so modified will not be
equal to that of a receiver especially
designed for the purpose, but it will be
satisfactory as a temporary measure
until opportunity is found for exten-
sive alterations.

Increasing the Number of Lines

The increase in number of lines per
frame from 441 to 525 is accomplished
simply by increasing the frequency of
the horizontal scanning generator from
13,230 c¢ps, which produces a 441-line
picture, to 15,750 cps, which produces
a bH25-line picture. In most receivers,
the range of the frequency control of
the Thorizontal scanning generator
(horizontal hold control) is sufficient
to permit reaching the new value
merely by turning the knob. This has
been found to be the case with the two
receivers described in recent years in
the pages of ELECTRONICS. In- the
“laboratory” receiver (ELECTRONICS,
December, 1938 page 16, Fig. 1), the
adjustment is made with R, and R, in

PLASTIC COLOR FLUORES-
CENT LAMPS

Thin strands of Tenite, a shatterproof
plastic, wound into a tight spring-like

spiral and slipped over fluorescent
lamps, serve a double purpose. Made
in various combinations of clear trans-
parent and translucent colors, they add
to the decorative value of the fixture
and aid in color correction. They may
also be used to reduce any glare and
to add warm color to the lighting if
this is required

ELECTRONICS — November 1941

GLASS
BASE. =
RECORDING
DISCS

for broadcasting stations, sound recording

studios, schools, musicians, etc.— available for

prompt delivery in the professional 16 and 12

inch sizes.

FEATURES:

Durable, flexible special glass base.

Standard overall thickness—every
disc uniform thickness—no change of
the cutting angle necessary.

Smooth, guaranteed, accurate - size
holes—accurate in diameter—accu-
rately centered — drilled directly in
the glass base—the same as
aluminum.

Extra smooth outside edge—no cut-
ting your hands.

Coating better than the original Al-
lied aluminum base discs, which have
been preferred and used in leading
studios for the past five years.

Fit any standard make recorder or
transcription equipment.

Carefully packed and shipped in spe-
cial, convenient, safe, easy-to-open,
easy-to-use containers—every disc in
every shipment guaranteed to reach
you in perfect, ready-to-use condi-
tion.

IF you have not been using or have not yet tried Allied's New

Glass Base Discs, a trial will convince you of their merits and
superior quality—at no premium in the cost to you. We invite
you to try this disc—that is how we obtain new customers. We
feel certain that you will re-order—that is how we build sales

volume«—from satisfied users.

Your telephone call, letter, wire

- . d -
or cable will receive our prompt and courteous attention.

ALSO AVAILABLE
recoating service for your
old aluminum discs. Deliv-
ery in one week. Details
on request.

v 21-09 43rd Ave,,

www americanradiohistorv com

ALLIED RECORDING PRODUCTS CO.

PROMPT DELIVERY direct from the

manufacturer—to any part of the United
States, Canada, South America and fto

some foreign counfries.

Long Island City, N. Y.
Cable: "Alirecord ‘New York L
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" WRITE FOR THESE
RESISTOR DATA BULLETINS

Invaluable as enginéering, design or buy-
ingguides, theseBulletins are available for
every IRC fixed or variable resistor typa.
ﬂhéy contain complete information ‘ta
‘assist you in selecting the rightresistors for
'1h.e: job—of the right size, type and shape
‘—with the pfoper protective coalings—
with the right terminals—and dé‘signed_lon

_utmostease of hcsndling_’on yourassembly
line. Plzase ask for them by bulfetin num-

ber as specified” under the_illustsations.
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"IRC or equa]" appearing on
the majority of defense equipment
specifications is the direct result of

IRC’s long years of intense speciali-

S zation and resultant leadership in
e oaxed . . !
._“s“\‘:;.—-;fﬁ\\ the design, production and appli-
‘\‘ai\

cation of quality resistance units.

This leadership means the conven-
ience of securing all resistor types
from a single source of supply. It
means doing away with guesswork
in making resistor selections. It
means eliminating experimentation
with units which have not fully
proved themselves under ultra-ex-
acting defense conditions. It helps
avoid delays—safeguards against
annoying rejections — and insures

proper functioning in service.

Equally important, it means the
immediate availability of skilled
engineering help, fully familiar
with defense needs, fully equipped

to aid in the selection of the

best resistor for your application.

IRC Resistors are also produced and
used for vital defense requirements in
Canada, England, Australia, and Russia.

INTERNATIONAL RESISTANCE COMPANY

401 N. BROAD ST., PHILA,, PA.
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Voltage can go just so far
with this lamp

« Western Eleclr:
CALLITE

XCESSIVE SURGES of current and voltage can seriously affect a tele-
E phone exchange. To help safeguard costly central office equipment,
Western Electric developed this “safety valve" resistance lamp.

Western Electric must carefully select the components of this ultra-impor-
tant tube. The fact that Callite supplies the three-piece hook leads testifies
to the engineering and performance characteristics of Callite products.

These copper to dumet to nickel leads seal perfectly to glass, eliminating
destructive leaks at that point. They are but one of many Callite contributions
to progress in the electronic industry. The vast store of knowledge, experience

and resourcefulness behind these constant
achievements is yours today to command

cctlceverent

conlttecled

i . ; f & Bring your “metallurgent” problems to
/;/ e o . Callite. Our research and engineering staff
i //" s is at your service.
i j/ * * *
i ;'f Callite specializes in the manufacture of elec-
’ J-,/ { trical contacts of refractory and precious metals,
5 f ki-metals, lead-in wires, filaments and grids,

jormed parts and raw materials for all elec
fronic applications.

CALLITE TUNGSTEN

CORPORATION

544 -3%9th STREET UNION CITY, N. L
L “EALLITES"

BRAMCHES: CHICAGO = CLEVELAND
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the horizontal blocking oscillator ecir-
cuit. In the “home” receiver (ELEC-
TRONICS, September 1939, page 16, Fig.
1), the adjustment is made with R,,.

In receivers employing electric de-
flection, this inerease in the horizontal
scanning frequency should have no
detrimental effect except that due to
shortening the scanning retrace. This
effect may be recognized as an irregu-
lar brightening of the left-hand edge
of the picture. It is due to the fact
that the scanning spot does not fully
retrace during the blanking interval,
and hence resumes normal brightness
before the end of the retrace. Part of
the left hand edge of the picture is
thereby cut off and “tucked under,” so
to speak. Usually this defeet is not
serious. It can be corrected only by a
thorough redesign of the scanning
generator.

In receivers employing magnetic de-
flection, increasing the horizontal sean-
ning frequency from 13,230 eps to
15,7560 cps causes a corresponding re-
duction of the horizontal scanning
amplitude. The scanning amplitude is
reduced to about 16 percent. The effect
arises because the current flowing
through the inductance of the scanning
coils is inversely proportional to the
frequency. This effect can be counter-
acted by increasing the setting of the
horizontal width control (R, in the
laboratory receiver, R, in the home
receiver). If the range of this control
is not sufficient to bring the picture
width to full size, the plate supply
voltage of the horizontal scanning
generator may be increased by adjust-
ment of the plate or screen voltages
of the 61.6 horizontal output tube (tap
G on the power supply bleeder in the
laboratory receiver, tap C in the home
receiver) or both. If these measures
fail, the second anode voltage on the
picture tube may be reduced (by ad-
justment of the auto-transformer in
the laboratory receiver, adjustment of

Y

ZWORYKIN RECEIVES
RUMFORD MEDAL

Dr. Vladimir K. Zworykin, center, asso-
ciate director of the research laborato-
ries of the Radio Corporation of Amer-
ica, is shown as he received the award
of the Rumford Medal of the American
Academy of Arts and Sciences from Dr.
Harlow Shapley for “‘outstanding con-
tributions to the subject of light.” Dr,
Norton Kent, chairman of the Rumford
Committee, is an interested spectator .
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FOR ELECTRICAL DEVICES /

ANY of the electrical devices which the defense program
requires in such profusion are being made with hand-
somely marked panels in Formica. These markings are printed
in gold and silver and protected with a hard, durable, baked-on
film of protective material; they are engraved, or stamped. For
use in night-flying airplanes where visible light may not be
used they are printed in fluorescent inks which glow in black
or invisible licht. The panels may have high insulating quality
where that is required. All have handsomely finished surfaces
and are immune to injury from grease or sol-
vents. They are printed and machined complete
at the Formica factory and shipped ready for
assembly. Send your blue prints for quotations.

THE FORMICA INSULATION COMPANY

4661 Spring Grove Avenue o Cincinnati, Ohio

FLUORESCENT
MARKINGS
ARE
AvaltABLE/

PROTECTED

DURABLE PRINTING
IN GOLD AND

S/LVER ./

ORMICA
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§ Ll s i R,. in the home receiver). The reduc-
o ’ tion in second anode voltuge will re-
duce the picture brightness slightly
and will increase the deflection in both
horizontal and vertical directions. A
h slight reduction in the vertical scan-
e ning amplitude will be necessary to
The best act, the beSt song' t preserve the proper aspect ratio in the
best station become headliners. latter case. . _
h in ref- In magnetic deflection, the previ-

People see and hear them in p

ously mentioned irregular brightening
erence to others. Headline

of the left-hand edge of the picture,
due to reduction in horizontal retrace

stations from coast to coast use time, may also occur. Adjustglent of
: g ™ the horizontal damping rectifier cir-
Blaw-Knox Vertlcal Radlators be cuit resistor (3500-ohm resistor in

series with the plate of the 1-V tube in
the laboratory receiver, R, in the home
receiver) will correct this condition to

cause they give better broadcast-
ing results. And these better

results are inherent in the struc- 4| some extent. o
, f o The principal differences which will

tural and electrical advantages o be noted in the picture, after the
Blaw-Knox Vertical Radiators change in number of lines has been
. made, are an increase in the vertical

the natural benefits of an experi- . detail by about 19 percent, and a re-
ence that covers virtually the i duction in the horizontal detail by 16

i percent. These changes will be clearly

entire history of radio. Whatever evident when viewing a test chart, but
will not be noticeable when viewing

| y
your antenna problem, we'll program images, unless the maximum

gladly diSCUSS it with you effective video frequency is less than
' 3 Mc. The increase in number of lines

makes it highly desirable that the

B ‘ maximum video frequency be as close
a K N O x } ‘ to 4 Mc as possible. The horizontal

[ 5 definition with 525 lines is about 81

VERTICAL | lines for every megacycle in the maxi-

mum video frequency, that is, 4 > &1
| id ¢ , th 4
T O R S ! = 336 lines for 4 Mc maximum video
frequency.
BLAW.KNOX DIVISION of Blaw-Knox Company

Farmers Bank Bldg., Pittsburgh, Pa.

Offices in principal cities Adapting the receiver to frequency
modulation in the sound channel in-
volves a complete redes’gn of the sound
second detector system. Howcver, if
an increase in distortion is permissible,
a compromise measure may be adopted

Readjustment of the Sound Chounel

{
- KING INSPECTS CADET
TRAINING

B

King George waiching a cadet using
= an intertank communication {ransmi:-
— — ter in an officers training course in
GTtavyvbaR

ELECTRIC COMPANY England

Dicvaiburon
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% The extensive range of Ohmite types and
sizes makes possible an almost endless variety
of regular or special resistors to meet every
need. Core sizes range from 2-1/2” diameter
by 20” long to 5/16” diameter by 1” long, and
are available with standard or special wind-
ings, terminals and other features.

You can often save time and cost by find-
ing the resistor you need in the many Ohmite
stock units. In unusual applications, the spec-
ialized experience of Ohmite Engineers is
very helpful.

Ohmite Vitreous Enameled Resistors have
proved their ability to give long, trouble-free
service under the most critical conditions in
every climate from the arctic to the tropics.

That’s why they are so widely specified in

ELECTRONICS — November 1941

Industry and National Defense — for indus-
trial, aviation, radio, electronic aad scientific
applications. With grea:ly increased plant and
production capacity, everything possihle is
being done to meet today’s emergency reeds.

SEND FOR 96-PAGE
CATALOG 40
This unusual Catalog and
Engineering Manunal No. 40
is a complete, helpful guide
to the selection of Resistors,
Rbeostats and Tap Switches.
Write on company letier-
bhead for your copy todayv.

OHMITE MANUFACTURING COMPANY
4817 Flournoy Street, Chicago, Illir ois, U.3.A.

ll. .

i Ferrule Resistors

Edison Base Resistors

Precision Resisto-s

\"W

Inductiye Resistor

Non.

Q <
OHMITE

Resisfors
Tap Switches
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ATTENUATION NETWORKS

SERIES 690 AND 692

for Transmission-Efficiency, Power-Level Measurements, Impedance
Adjustments, Gain or Loss Measurements on Amplifiers, Filters, Pads

The Series 690 network consists of plug-in input and output
adjusting networks, and a Units and Tens attenuation controls.

The Series 692 network is essentially the same as the 690
with the exception that a Tenths, a Units and a Tens attenua-
tion controls are provided. Both types, 690 and 692, are
offered in either "T" or "Balanced H" networks.

The attentuation controls are constant impedance, zero insertion loss
networks each having 10 steps of attentuation. The Daven Series 6900

Impedance Matching Networks ("plug-in" units)] may be obtained in
a wide range of impedance and loss.

TYPE yA RANGE CIRCUIT PRICE
T-690-A 500 0-110 Db. in step of 1 Db, “T" Network $60
H-690-B 500 0-110 Db. in step of 1 Db. Balanced ""H’* Network 80
T-690-C 600 0-110 Db. in step of 1 Db, “T* Network 60
H-690-D 600 0-110 Db. in step of 1 Db. Balanced ""H" Network 80
T-692 500 0-111 Db. in steps of 0.1 Db. "T'' Network 80
H-692 500 0-111 Db. in steps of 0.1 Db. Balanced *'H" Network 100
T-693 600 0-111 Db, in steps of 0.1 Db, “T" Network 80

H-693 600 0-111 Db. in steps of 0.1 Db. Balanced ''"H" Network 100

Supplied complete with one set of 6900 networks. Unless otherwise specified, these will
be 500 ohms or 600 ohms, zero loss networks. Base impedances other than 500 ohms or 600
ohms available upon request.

THE DAVEN COMPANY

158 SUMMIT STREET = NEWARK, NEW JERSEY
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which involves merely retuning the
r-f circuits. In most receivers the
sound i-f amplifier has a band-pass
characteristic extending over several
hundred kilocycles to allow for oscil-
lator drift. If the slope of the edge
of the i-f pass band is approximately
linear and extends over a region 100 kc
wide, frequency modulation may be
converted into amplitude modulation
by tuning the oscillator so that the
intermediate frequency carrier falls in
the middle of the low-frequency slope.
When the frequency of the incoming
signal deviates under the influence of
the modulation, the carrier runs up and
down the slope, producing amplitude
variations at the output of the i-f amp-
lifier which are detected by the second
detector in the usual way. If the trans-
mitter frequency deviation reaches high
values (plus or minus 75 ke is the legal
limit) the carrier may ride up onto
the flat top portion of the i-f pass-band,
or down into the cut-off region. This
will produce severe distortion, but at
low modulation levels surprisingly good
quality may be obtained. The adjust-
ment is made by tuning the local oscil-
lator until the sound is heard free of
distortion.

The sound i-f system may be re-
tuned to produce the necessary width
of slope at the edge of the pass-band if
sufficient width does not already exist.
A frequency-modulated signal gen-
erator and cathode-ray oscilloscope
should be used for this purpose.

This compromise method of convert-
ing the f-m to a-m does not offer the
noise-reducing properties of f-m trans-
mission, since no limiter is used, and
since the receiver is fully sensitive to
the amplitude modulation components
of whatever noise is present. However
in areas of strong signal strength it
will often serve satisfactorily. The
audio output of the second detector de-
pends on the gain of the i-f amplifier,
since the peak audio output cor-
responds to the peak i-f voltage de-
veloped by the last i-f stage. Usually
it will be found that the audio level,
for a given input signal, is somewhat
lower than that offered by an a-m sig-
nal. Usually there is sufficient reserve
audio gain to make up the difference
in level.

If full advantage of the f-m system
is desired, three steps must be taken:
the i-f amplification must be increased
to a gain of 100,000 or more; a limiter
amplifier must be inserted; and the
second detector must be replaced by a
frequency discriminator detector. The
reader interested in following this pro-
cedure should refer to the articles by
J. R. Day, “A Receiver for Frequency
Modulation” ELECTRONICS, June, 1939,
page 32, or Marvin Hobbs “F-m Re-
ceivers, Design and Performance,”
ELECTRONICS, August, 1940, page 22.

A receiver specifically designed for
the new standards and incorporating
such additional features and as gamma
control is now under construction. It is
expected that a description of this re-
ceiver will appear in ELECTRONICS in
some future issue.—D.G.F.
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MAGNET WIRE

Preferred in Peace,
Demanded for Defense!

The battleships for America’s Defense require the
finest materials human ingenuity can provide . . . even
down to the hair-like strands of magnet wire that be-
come a part of energizing, controlling and signaling
equipment, There must be no failure in any compo-
nent mechanism of these sea fortresses.

Twenty-five years of experience and unsurpassed
quality standards will fashion the REA wire furnished
for America’s Navy, Army, and Air Force require-
ments. It will be produced on the most modern equip-
ment in the industry . . . how, when, and exactly as
wanted . . . “tailor-made” when necessary for special
applications.

Maximum uniformity, longer continuous lengths, and
superior spooling are REA quality characteristics
which will help speed up Defense production.

Submit your procurement, engineering and |
production problems to us for fast action!

MAGNET WIRE COMPANY, INCORPORATED
FORT WAYNE, INDIANA, U. S, A,

b MANUFACTURERS OF THE FAMOUs REA °"'"OVER THE HEAD'' TENSION UNIT *
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Continental-Diamond ;s no
Tyro in this PLASTICS age

The progress of man has been “mile-stoned” by the utility of the mate-

rials that he has put to work for his advancement.

Stone o
Copper
Bronze o
Iron e
Steel o
Aluminum e
Magnesium Alloys e

PLASTICS o
C-D research technicians have in recent years replaced many weighty,
corrosive, costly or hard to get metals with Celoron Molded Fabric

Plastics. Experts often said, “It can’t be done” . . . but, C-D did it!
Molded Fabric Celoron . . . is :

1/6 the weight of brass . .. 1/5 the
weight of cast iron . . . 1/2 the
weight of Aluminum. Celoron,.for
all practical purposes . . . is chemic-

ally inert, insoluble, and infusible
. . . it is little affected by moderate
concentrations of sulphuric, hydro-
chloric, and such acids. Sudden
changes of temperature have practi-
cally no effect . . . it will withstand
up to 290° F.

Put your "What Material?”
problem up to C-D experienced
research technicians

Send for this booklet!

. . includes a ready reference chart
showing best type of electrical insulating
material to use for specific problems , .
gives complete data on standard sizes,
forms, colors and finishes of C-D insulat-
ing Materials . . . Ask for folder GF-12.

/&ZZ&/—“ @W

Since 1911~

E A P b E L A W A R E

"Manufacturers of Laminated Plastics
N

Photoelectric Dew-Point
Recorder Safeguards
Against Freezing
By J. A. SETTER
Industrial Department, General Electric Co.
Denver, Colorado
To PREVENT CONDENSATION of moisture
and possible freezing of its gas lines
during the winter months, the Colo-
rado Interstate Gas Company, which
furnishes Denver with natural gas
from Texas fields, has built a novel
dew-point recorder utilizing a photo-
electric relay. With the recorder, con-
tinuous readings of temperature at
which condensation occurs are made
where the gas enters the Denver meter-
ing plant. If calculations based on the
readings show the dew point to be too
high, instructions are dispatched to
dehydrating plants to remove more
moisture before trouble occurs.

The equipment consists of a small
tank filled with anti-freeze solution
into which is immersed a U-shaped
highly  polished gold-plated tube.
Through this tube passes a continuous
flow of natural gas from a by-pass
valve in the main pipe line. Both ends
of* the tube are provided with plate-
glass windows. Above the windows, a
light source and phototube relay are
mounted so that the light shines
through the tube and is reflected to
the phototube.

c‘_%%%g%@/oo - Recording fernperature

! retay and pressure gage

i @ —7elechron 60-7pm
! lr’ motor&agitator
I PJ. 23 Proto- 7 reawarr
3 fgbe—o -yo H 110-volt

LT ; clear bulb
i

V| 7Brottle valve
~~Light
receplacles

Cooling coilsd  “Condensing tank

1500-watt Nichrome heating unitd |

Refrigerating expansion valve-

Dewpoint recorder

WWwW americanradiohistorv. com s

Diagram illustrating the equipment in
which the photoelectric dew-point
recorder is used

For controlling the temperature of
the anti-freeze solution, the tank is
cooled with coils of a small domestic
refrigerator and heated with suitable
strip heaters. As the cooling system
reduces the temperature of the solu-
tion, the gas is chilled until a film of
condensate is deposited on the inside of
the highly polished tube, thus reducing
the reflection of light to the phototube.

Being sensitive to a change of 2
foot-candle, the phototube operates to
disconnect the cooling coils and connect
the heaters to warm the solution. When
the solution is warm enough, the con-
densate disappears and the process is
repeated. A small motor-driven stir-
ring paddle in the anti-freeze solution
equalizes the temperature of the bath.

A recording-bulb thermometer im-
mersed in the solution records the tem-
perature of the solution. On the same

November 1941 — ELECTRONICS
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Solar Mica t-ljm-titnrs; add vital depemiuﬁ_i!v o
radio ond u_ﬁ_nménié_qtimisi equ_ij:ment‘_: for the Armed

“ Servite Bronthes of the Gouvernment.

The “Quality Rbove A incorporated in these

units is féﬁnluéd from o wenlth of exsperience.

If Mita Copacitors are port of your present prob-

lems, ronsult S_éllul"flnl‘éll ready solution.

Ash for Catalog 12-€

SOLAR MFG. CORP., BAVONNE, N. ).
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chart, the natural gas pressure is also
recorded. From these two records, the
dew point is calculated. The tempera-
ture chart curve looks like a sine wave,
with the tops and bottoms of the loops
about two to three degrees apart, and
with a frequeney of about one eycle
every 10 to 15 minutes depending on
the rate of flow of gas, change of pres-
sure, and other variables. The appa-
ratus was conceived and constructed
by W. R. Beardsley and L. F. Carter,
of the Colorado Interstate Gas Com-
pany.

Ultrahigh Frequency
Antenna Coupling Unit

By RoBERT D. RIETZKE,
Communication Engineer
Radio Technical Bureau, Police Department
Los Angeles, California
THIS UNIT WAS DEVISED to permit elec-
tronic coupling for four ultrahigh fre-
quency receivers operating on different
frequencies, to a single antenna and
provide a proper match at the receiv-
ing end of the coaxial line.

|
|
|

receiver|
No. 4

S
2y
b3
N
8

line fo

6SK7

Patented U-shaped 3 < i |
bow spring. action o= 1
. € . . ¢ : . s | |

Tune #o
o 3722 Mes.
05 Co-axial

6SK7

Now serving a large number of
the leading radio and electrical
equipment manufacturers. Complete

manyfacturing facilities — experi-
enced, skilled engineers — quality '
raw materials used — guaranteed 1

ULTRA HIGH FREQUENCY ANTENNA COUPLING UNIT

workmanship.

 65K7

May we discuss your design prob- {
lems with you or quote from your !
% blueprints? Your inquiry will receive 1 | s :Q:
rompt attention. ' g0
promp 39 \5
I 3 <
; s o8N ~
| ig gl M
L4 u o
| :; 3 S v
| & s ) oy -~ & S
2 3 1
S v 8
Sod " ez
A. W. FRANKLIN MFG. CORP. [REFNWIT iy reamiil
) g o
175 VARICKSTREET . . . . NEWYORK, N.Y. ‘ 3 §-§
S8 J
—_—

Sockets * Terminal Strips * Plugs * Switches * Metal Stampings

Circuit diagram of antenna coupling unit
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Congratulations, old man!

Becoming the chief engineer of a radio

station is a big job with a lot of responsi-
bility. It’s a job which should give you a great
deal of personal satisfaction, for it puts you
on the road to accomplishing many things
you’ve dreamed of doing.

The roots of your job go deep. For the
chief engincers of the past 20 ycars—through
their eternal quest for new and better ways
to put a signal on the air—have contributed
much to the high technical plane on which
the industry is now established.

Now and in years to come, you can count

on Western Electric to help you in every

way possible to advance the art of broad-
casting still farther.

Since radio began, Western Electric has

played a leading role in changing it from a
drcam into a vital part of everyday life.
Stabilized feedback, crystal control, vertical
radiators, directional antenna arrays, the
Doherty high efficiency amplifier, are a
few of the improved tools provided by
Bell Labs and Western Electric to help
you in your job.

And now,although our energies are engaged
in cooperating with the Defense Program,
you may be sure that our interest, and the

interest of our distributors, in broadcasting
and in you who are a part of it, is as keen
today as in the past.

DISTRIBUTORS:

1o U. S. A.: Gravbar Electric Ce., New York, N. Y.
In Canada and Newfoundland: Northern Electric Co.,
Lid. In other countries: International Standard Elec-

Wesfter: eclric
EQUIPPED FOR

BETTER BROADCASTING

ELECTRONICS — November 1941
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DESIGN

e S

Available in any capac-
ity, and rms ratings of
from 15,000 to 40,000.
Can be furnished with
fixed capacity, variable
capacity, or a combina-
tion of fixed and vari-
able sections. Other va-
riations  include gear
housing for right angle
drive and insulated shaft
coupling.

CJ;EZ&JJyuzoBISTIRU(:TIOIQ

76

Compact design and low price are features
of Johnson Gas-Filled Condensers. Dry. oil-pumped nitrogen
under pressures up to 350 pounds make possible closer
spacing, greater capacity, and higher voltage rating. Gas
tight joints prevent leakage over long periods of time.
Designed for commercial application, these condensers are
being widely used by broadcast stations and other high

power transmitters.

ASK FOR NEW CATALOG 967-E

E. F. JOHNSON CO

WASECA, MINNESDTA

EXFORT: T5 WANHEN KT, A0W YOAR, % T,

- —WWW americanradiohistorv. com

“MANUFACTHRERS OF RADIO TRANSMITTING EQUIPMENT"

This system of coupling, although a
compromise, has worked out very sat-
isfactorily with the installation of a
single antenna on the top of the 137-
foot quarter-wave grounded vertical
radiator employed to communicate
with the cars using a medium fre-
quency.

The gain in this unit more than off-
sets the advantage of separate receiv-
ing antennas. The antenna is an RCA
ground plane type adjusted to a mid-
band frequency of 37,220 kec. The
coaxial cable from the antenna to the
antenna coupling unit is Communica-
tions Products Z-inch gas filled type.
The receivers are two Fred M. Link
Type 9-UAR-Ed 2 on one rack, and
a Pierson DeLane 30-41 MC Type PR-
15 UH in the other rack.

The frequencies employed are: 35,-
100; 35,220; 37,220 and 39,380 ke.

The coaxial line from the antenna
is inductively coupled to the tuned cir-
cuit which is connected to the grids of
four 6SK7 tubes. The tubes are op-
erated with 100 volts on the screen and
150 volts on the plate. The* blas of
—3 volts is obtained from=g: %cathode
resistor. The plates of the 6%’7'tubgs
are 1nd1v1dually tuned and llnk-eeupled
to the receiver operating on the fre-
quency to which they are tuned. _Am-
phenol connectors and flexible coaxial
cable is used between the coupler and
the receivers.

This unit makes it possible to op-
erate one hundred and fifty two-way
police units covering an area of more
than 300 square miles, each unit of
which operates satlsfactonly for dis-
tances up“to 25 miles from the receiv-
ing point. The mobile units operate
with 28 watts output, and are a prod-
uct of the shops of the Radio Technical
Bureau of this Department. Consid-
ering the terrain which includes moun-
tains, desert, metropolitan area, indus-
trial areas, and harbor waterways the
operation of the unit has proved very
satisfactory.

BANK OF CHINA
CARRIES ON

A two-way radio communication serv-

ice is one of the features of the Bank

of China’s head office in Chungking.

When this picture was made, the equip-

ment was in operation although Japa-

nese dairmen outside were dropping
bombs on the city
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Now
Available
THREE
TYPES!

% FOR HIGH EFFECTIVE
PERMEABILITY

% FOR HIGHEST Q VALUE

THREE types of G.A.W. Carbonyl Iron Powder
are now in production. Cores made from these
powders are providing a degree of performance
that establishes a new high standard in carrier
and radio frequency service. % For all grades the
average particle size is less than 5 microns. Note
the spheroidal particle, a characteristic unique

with G.A.W. Carbonyl Iron Powder.

FOR INFORMATION ADDRESS

CARBONYL
IRON

POWDER

MAGNIFICATION 400 X

THE MANUFACTURER

GENERAL ANILINE WORKS

435 HUDSON STREET

NEW YORK CITY

OR THE DISTRIBUTOR

ADVANCE SOLVENTS & CHEMICAL CORPORATION

245 FIFTH AVENUE

ELECTRONICS — November 1941
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THE GOVERNMENT

COMES FIRST

Ward Leonard is under National Defense production. The
goods we make are not used by themselves but become com-
ponent parts of other equipment that may not be finished for
many months. It is vital, therefore, that we give the govern-
ment earliest possible deliveries.

There is room in our shop from time to time, however, for
non-conflicting requirements which we wish to make available
to our old friends. Yes, we want your inquiries . . . we will
give them our best attention possible.

WARD LEONARD ELECTRIC COMPANY
32 SOUTH STREET, MOUNT VERNON, N. Y.

WARD LEONARD

relays . . . resistors . . . rheostats

ELECTRIC CONTROL DEVICES SINCE 1892

wwwW americanradiohistory com
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Electronic
Pyrometer Control

(Continued from page 50)

tive measuring element even a small
potential difference between the coils
L, and L, will cause electrostatic
forces on the vane which affect the
accuracy of the reading. The sche-
matic diagram shows coils L, and L.
electrically connected to ground so
that no appreciable voltage can ex-
ist between them. To make the elec-
tromagnetic forces negligible the
untuned coil L, has very few turns
so that its field is very weak, but
will still effect operation of the os-
cillator circuit. Grid current flow-
ing in coil L, is limited by resistor
R, and therefore produces a negli-
gible flux density, and no electromag-
netic force on the vane. The fre-
quency of oscillation is in the neigh-
borhood of 10 Mc although it is not
critical since the amplitude of oscil-
lation is the only important factor.
1t should be noticed that no tuning
condensers are used and the circuit
is therefore not subject to variation
with ambient temperature or humid-
ity. The coils themselves are not ex-
tremely critical although for maxi-
mum plate current change they must
be held within a few turns to main-
tain the proper feedback ratio. The
coil forms are narrow and rect-
angular in shape for maximum
sensitivity, and are made of poly-
styrene in order to minimize dielec-
tric losses. The spacing between the
coils is 1/16 inch for best per-
formance, although a wider gap may
be used with increased high fre-
quency flux.

Many other applications of this
type of control circuit are apparent
where movement of a sensitive mem-
ber is required to actuate a control
mechanism at some point in its
travel. The range of plate current
change may also be increased to 25
or 30 ma by increasing the screen
potential, although tube life will be
somewhat decreased. The small
number of parts required and ex-
treme stability of the circuit make it
readily adaptable to many applica-
tions where more complicated cir-
cuits are now used, as, for example,
phototubes or variable capacity sys-
tems.
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LITTLE THINGS

that a Battleship’'s Life Depends On
i+ x » » Require the Most in Precision

g Absolute dependability at all times and under the most severe conditions
is required of all parts that go into the making of a battleship — the most

T important single unit of our first line of defense.

All important to a battleship is its nervous sysltem, a complex masterpiece
of electrical communications and controls upon which thesafety of thousands
of lives and the efficiency of millions of dollars worth of fighting equip-

= ment depend.

The Chicago Transformer Corporation is proud of its ability to furnish parts

4 < RAN& inkeeping with the tradition of excellence and precision required of units that
Q
é’ ﬁ o make up the world’s mightiest fighting machine—The American Battleship.
el
v @ <
5 ”

CHICAGO TRANSFORMER
T 1

O N
3

3 501 WEST A DD S TRE T CHICAGDO

C OR P OR A
I SON s
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HOW TO MAKE
ACCURATE WAVEFORM
MEASUREMENTS QUICKLY

r-

A3t
A

Mr. Lloyd Morris, Ass’t Director of Research at Galvin Manufacturing Corporation is seen
operating the 300A Harmonic Wave Analyzer. Left — The 205A Audio Signal Generator

Galvin Manufacturing  Corporation — makers of the famous
Motorola radio equipment — find —hp— instruments extremely
useful in checking performance of these well known products.
In service at this factory is a Model 300A Harmonic Wave
Analyzer and a Model 205A Audio Signal Generator.

With the 300A measurements of the individual components of a
complex wave can be made. A unique selective amplifier makes
it possible to vary the selectivity over a very wide range. The
205A combines a resistance tuned oscillator (5 watts output)
with an output meter, attenuator and impedance matching system.

Write today for complete detailed information about these
and other —hp— laboratory instruments.

HEWLETT-PACKARD

Laboratory Instruments for Speed and Accuracy

483 PAGE MILL ROAD e PALO ALTO, CALIFORNIA

— www americanradiohistorv com

Cooling Control

(Continued from page 55)

of the grid bias control on the
vacuum tube. The accompanying dia-
gram shows the circuit of the photo-
electric system.

Three phototubes sensitive to in-
frared rays, connected in parallel
and spaced inside a length of 23-inch
pipe cut away on the underside to
allow entry of radiation, constitute
the heat-sensitive element of the
apparatus. Since it is necessary to
mount the assembly close to the
conveyor to attain the sensitivity re-
quired, the tubes should be enclosed
in a Pyrex glass cylinder and a cur-
rent of air blown past them to pre-
vent overheating by the hot
material directly beneath.

The major part of the relay equip-
ment, with the sensitive relay housed
in glass as a protection from dust, is
mounted at a convenient wall loca-
tion, about 20 feet from the photo-
tube unit. The relay vacuum tube
and the 2-megohm and 100,000-ohm
resistors are mounted in a box close
to the phototube assembly to reduce
the capacity between the leads.
Excessive capacity would prevent
operation of the equipment should
the vacuum tube be placed at any
great distance from the phototubes.
The phototube pick-up, vacuum relay
tube housing, spray head, and the
wall-mounted relay equipment are

The Aurora Borealis or northern lights
which caused radio and communication
disturbances throughout the East on
Sept. 18 is shown as they appeared
over New York from atop the RCA
building. New York City is in the fore-
ground and New Jersey in the back-

ground beyond the Hudson River. The
ribbon of light at the right is the George
Washington Bridge
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SO FISHERMEN TAKE THEM,

THE Captains of tuna boats go where the

fish are and that means rough weather
much of the time. Radio is vital because one
captain radios others when he finds a school.
Radios must work perfectly through shivers
and shakes and terrific impact.
It is under conditions like these that the Syl-
vania Lock-In Tube is designed to perform its
fpost vital service. Once in place it stays in,

regardless of position, vibration or impact.

—— A e

e
e

The Lock-In Tube is locked in place and per-
forms under unbelievable punishment, so
that is why it is a better tube for small boats
and big boats—battleships, destroyers, dive
bombers, fighting planes, tanks, jeeps, home
radios, automobile radios, in fact everywhere
where service requirements are tough. It is
the big answer to consumer satisfaction no
matter whether the consumer is the Army,

Navy or you.

Sylvania Radio Tube Division

HYGRADE SYLVANIA CORPORATION

EMPORIUM, PA.

5300 FIFTII AVE., NEW YORK + SALEM, MASS. -«

ST. MARYS, PA. « IPSWICH, MASS. - TOWANDA, PA.

Also makers of Hygrade Lamp Bulbs, Hygrade Fluorescent Lamps and Miralume Fluorescent Light Fixtures
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A TOUGH, UNIFORM,
RESISTANT INSULATION

The many applications and superior qualities of IRVINGTON

VARNISHED CAMBRIC AND TAPE have made them pre-

ferred items for electrical insulation by many manufacturers.
P :

7 ﬁ&;g:i‘z«% el e
h3 3 :

\ W
T, A

=

Ward Leonard
Electric Com-
pany uses lrv-
ingtonVarnished
Cambric Tape
on their Reactor

Coils

Here is an insulation that is pliable, tough and highly resistant
to abrasion, moisture, acids, and lubricating oils. Surfaces
are uniformly smooth. Dielectric strength is excellent. Fur-
nished in dry, tacky and oily finishes.

A few of the applications are: In sheet form on corners
and between layers of field coils, as slot insulation for arma-
tures and stators, between laps on end turns of armatures,
as phase insulation for stators and as coil wrappers, etec.
Suitable for application by hand or machine.

For more data on the several types and colors of IRVING-
TON VARNISHED CAMBRIC AND TAPE

Write Dept. 106

[ d L %
< Lo VARNISH & INSULATOR CO,

PLANTS AT IRVINGTON, N. J. and RAMILTON, ONT., CAN.

IRVINGTON, NEW JERSEY, U. S. A, Representatives in 20 Principal Cities

.....
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shown in the photographs. The
spray control is a 3-inch solenoid
water valve, actuated by the relay
equipment. In operation, the valve
is either completely open or com-
pletely shut. :

Operation of Equipment

In adjusting the equipment for
operation, the controllable grid bias
on the type 77 tube is increased
until the spray comes on, and then,
while no hot material is immediately
beneath the phototube assembly, the
grid bias is reduced to the point
where the spray shuts off. To main-
tain sensitivity, the glass protection
tube around the phototubes should
be wiped clean periodically, after
which the grid bias control usually
should be reset. It is essential that
the flow of cooling air be maintained
as long as the phototube apparatus
is in position near the hot material,
otherwise the heat would cause the
tubes to fail. The apparatus had
operated satisfactorily for two years
until changes in operating proce-
dure eliminated its need. Some im-
provement in operation could have
been attained by the use of a grid-
controlled rectifier tube to actuate
a throttling valve on the water line
to vary the flow of spray water
according to the radiant heat from
the hot material.

CONTROL TOWER OF
WASHINGTON AIRPORT

The glass inclosed tower atop the air-
port building at Washington, D. C., pro-
vides an angle of view of 360 degrees
for directing the traffic of planes into
and out of Washington. The station is
also used as a local weather bureau




LIGHT MEASUREMENT IS Simple.
EVEN THOUGH LIGHT IS M4
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5

i - [yt <
A - e
e % iy R

- WESTO)

iILLUMINATION METERS

(VISCOR FILTER EQUIPPED)

measure the illumination from any single or
any combination of light sources direct . . .

without correction factors!

Model 703 —Sightmeter—
for maintaining lighting
at efficient levels. A com-
pact instrument for use
in office, factory or home.

SING Fluorescent lighting? You canmeasure it directly
U with a WESTON Illumination Meter. Are there locations
in your plant where fluorescent is combined with daylight,
or with incandescent lighting? You measure the com-

bined lighting in the same simple way! Just hold the Model 603—Ifiu-

WESTON at the working surface, and you get an instant, pigaligpMecer=

aprecisioninstru-

accurate measurement direct in foot-candles. No compli- ment for lighting

. surveys and mea-

cated corrections are ever necessary, regardless of the surements requir-

m = A . ing a high degree

color composition of the light. And these WEsTON Illumi- of accuracy over

. . . . a broad range of
nation Meters are available in types, sizes and ranges to light values.

suit the requirements of shops large and small . .. as well

as for laboratory use. All supply the convenience of direct
Model 614 —Illu-
mination Meter-
offers compactness
and wide range cov-
erage. Hinged cell
tilts at desired
angle.

measurement . . . and all furnish the measurement surety
which is typically WESTON. Full details can be secured
from the WESTON representative near you, or, by writing
...Weston Electrical Instrument Corporation, 618 Fre-
linghuysen Avenue, Newark, New Jersey.

= s

. Laboratory Standards . . . Precision DC and - Specialized Test Equipment .. . light
AC Portables . . . Instrument Transformers Measurement and Control Devices. ..
. . . Sensitive Relays , . . DC, AC, and Exposure Meters.,. Alrcraft Instruments., ..
Thermo Switchboard and Panel instruments, Electric Tachometers.. .Dial Thermometers.
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THE ELECTRON ART

Methods of conserving tin, an automatic

road sign, the use of ceramics in tubes,

communication systems necessary for

airport operation,

an application of

phototubes to meteorology, and resist-
ance tuning are discussed in this month’s
review of the technical literature

Conserving Tin

SOLDER 1S USED in the manufacture of
almost all communication equipment.
Ever since tin, an important ingredient
of solder, was placed on the govern-
ment priority list much attention has
been given to ways of conserving and
possibly developing a substitute for
this valuable material.

The Dutch Boy Quarterly, house or-
gan of the National Lead Company
contains an article which briefly covers
the present status of the search to
conserve or eliminate tin in solder.
It is called “Conserving Tin in Solder”
and appears in Vol. 19, No. 3, 1941,

The article points out that there is
no known substitute for tin which will
produce a solder having the character-
istics of tin-lead solder. However, if
it is feasible for a given job, to use
solder with a relatively high melting
point, or one with a low melting point,
but with less strength, then it is pos-
sible to reduce and in some instances
actually eliminate the tin content of
solder. One suggestion recently made
was that silver be substituted for tin
in solder. Silver-lead solders have been
known and used for some time. The
2% percent silver-97% percent lead al-
loy is the eutectic composition, and
the melting point is 580 degrees F. An
outstanding quality of this solder is
its strength at high temperatures. A
6 percent silver alloy has three times
the shear strength of “half and half”
tin-lead solder at 350 degrees F. The
suitability of silver-lead solder for a
particular job depends on the allow-
able soldering temperature. Some ma-
terials now being joined with tin-lead
solder would be seriously damaged if
not destroyed completely by the high
heat necessary to melt silver-lead
solder.

Other substitute solders which have
been suggested include lead-free alloys
of cadmium and zine, and cadmium
and silver. However, these have high
melting points, they are more costly,
and at present are not available. Aside
from these, no practical tin-free sub-
stitute is available. The only alterna-
tive is the use of solders in which a
portion of the tin has been replaced by
some other metal or in which the tin
content has been held to a minimum.
Only two tin-reduced solders have been
developed so far. One is a wiping sol-
der containing 68 percent lead, 23 per-

84

cent tin, and 9 percent cadmium. The
other is one containing 45 percent tin,
45 percent lead, and 10 percent bismuth,

As for the expedient of using more
lead and less tin in solder, it has its
limitations too. The strength of sol-
der, and its fluidity is generally pro-
portional to the tin content. Since
these factors are important they can-
not be neglected. On the other hand,
where it is possible to relieve the strain
on solder by reinforcement of the joint
by bolting, riveting, or the use of in-
terlocking seams, or for the wide varie-
ty of applications where solder is
used merely as a filler and strength is
secondary, solders containing a higher
proportion of lead than now used might
prove entirely satisfactory.

Automatic Road Sign

A NEW INNOVATION in automatic road
signs is described in the Engineering
News Record of August 28th, 1941.
The device, perfected by George E.
Sykora of Minneapolis, Minn., is used
to warn drivers that a junction or
other traffic interference is ahead. At
the same time the speed of the mov-
ing car is flashed on the sign so that
the driver may reduce his rate accord-
ingly.

The sign is actuated by means of
two detectors which may be phototubes
or some magnetic detectors. These are
placed from 750 to 1,000 feet ahead of
the sign, about 40 feet apart. When
the car passes the first detector the
sign lights up, and after the second
detector is passed the sign records the
speed of the vehicle. Thus the driver
is able to note his speed, and has
plenty of time to reduce it if necessary.
Another feature of the sign is that
traffic counters may be placed on the
equipment to record the number of
cars travelling at various speeds. At
the end of any given period, highway
officials can determine the total num-
ber of cars that travel on the roadway,
and also the speed at which they were
travelling, The device is directional
so that cars which come from the left
side of the road, opposite to the direc-
tion facing the sign, do not operate
the sign.

The Use of Ceramics in Tube
Construction

MUCH WORK has been done in Germany
along the lines of using ceramiecs in
tube construction. The advantage in
using ceramics becomes apparent at
ultrahigh frequencies where the losses
introduced by the glass in ordinary
tubes are quite large. The result of
an investigation into the use of low-
loss ceramic material for tube seals,
with particular reference to the work
which has already been done in Ger-
many appears in the August 1941 issue
of FElectronic Engineering (a British
journal). The article is entitled “Cera-
mies in Valve Construction” and was
written by R. Howard.

Apparently the electrical advantages
in using ceramics are somewhat offset
by the special techniques necessary for
sealing the tubes. In many cases glass
is used as the sealing means. For ex-
ample, in Fig. 1A is shown a method

When a car approaches this automatic sign a photoelectric
speed measurement circuit informs the driver of his speed
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NEW TEMPERATURE COEFFICIENT VALUES

/o: ERIE CERAMICONS

REG. U.S. PAT. OFF.

—— L2 e,

e

HEN Erie Ceramicons were first developed over 5 years ago, the

engineering department of Erie Resistor standardized on 19 differ-
ent temperature coefficients ranging from -.00012/°C to—.00068/°C.
A recent analysis of the sales of these ceramic dielectric lixed condens-
ers revealed that a large portion of user’s requirements called for certain
temperature coefficients not included in this original Ceramicon set-up,
and that many original temperature coefficients were not in demand.

As a result of RM.A.Committee meetings new standards of tem-
perature coefficient ratings more nearly paralleling user’s requirements
were drawn up. The new temperature coefficients which range from
+4.00012/°C to —.00075/°C with available maximum capacities of in-
sulated and non-insulated Ceramicons is shown at the left. Units listed as
N750 are identical in all respects to those formerly designated as N680.

It is believed that this greatly simplified classification will fit
practically all normal applications of Erie Ceramicons and provide de-
pendable compensation for reactance drift due to temperature change.
For those isolated cases that require other temperature coefficients, Erie
Resistor will continue to manufacture special Ceramicons having the
desired coefficient. A complete catalog giving specifications and charac-
teristics of the new ratings of Erie Ceramicons is available on request.

The complete line of Erie Resistors, Condensers and Molded Plastics will be on display at Booth 26, Rochester Fall IR E Meeting.

ERIE RESISTOR CORP., ERIE PA LONDON, ENGLAND - TORONTO, CANADA.
F b e —— |
= S i

S -
s e . &3
$£315TORS
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A NEW METHOD OF MOLDING

MY GALEX

OF particular interest to the radio, electronic, industrial control
and heating industries is a new development by the G-E Plastics
Department—the injection molding of Mycalex, the superior insulator
possessing low dielectric power losses and the ability to withstand
high temperatures.

A material consisting of ground mica and a specially developed
glass, Mycalex has been compression molded for some years in plate
and bar form and machined to required designs. By the injection
process, the material now can be produced in more intricate shapes
and thus be available for further applications.

G-E Mycalex has superior electrical characteristics and good me-
chanical strength. It has a low power factor, high arc resistance, chemi-
cal and dimensional stability and a low coefficient of thermal
expansion. |t is impervious to water, oil and gas and is unaffected by
sudden temperature changes. Metallic inserts can be readily molded
into the parts.

General Electric is molding Mycalex for rectifier seals, brush
holder studs, tube bases, switch insulation, structural parts in radio
transmitters, arc chutes, relay insulators, terminal insulators and as in-
serts in die castings and organic plastics. For further information write
Section B-105, Plastics Dept., General Electric Company, 1 Plastics
Avenue, Pittsfield, Mass. T

PLASTICS DEPARTMENT

GENERAL @) ELECTRIC

WWW_americanradiohistorv. com

of sealing a metal lead to a ceramic
envelope by means of a glass seal. The
lead is wetted, jigged into position, and
sealed to the ceramie, usually in an
atmosphere of hydrogen. Hard glasses
are mainly used for these small seals
because soft glasses of similar coeffi-

Fig. 1—Glass is used to seal the joints
between a metal wire or cap and the
ceramic

cients of expansion as the ceramic pre-
vent effective heating of all the ma-
terials to be interconnected, and create
difficulties in the choice of materials
to be used for leads. Where large seals
have to be made, the metal part is
shrunk on to the ceramic material, and
the glass is used to make the joint
vacuum tight rather than the joint it-
self. This is shown in Fig. 1B. A
joint where the glass actually does
form the seal is shown in Fig. 2A.
Metal-ceramic seals are more ex-
pensive to manufacture but they have

Gloss~]:

A

Fig. 2—Illusirations of glass-ceramic
and silver-ceramic vacuum tight joints

--lead-out |

Foce

Fig. 3—A silver-ceramic joint making
use of a metallized ceramic surface

many advantages over glass seals.
There is no loss at ultrahigh frequen-
cies, they are not sensitive to critical
temperature changes and so are easier
to de-gas, and they are not prone to
cracking or seepage with the subse-
quent loss of vacuum. There are two
main types of metal-ceramic seals. The
first is similar to the glass seal shown
in Fig. 1A except that silver is used
as the sealing material, and the seal
does not extend for the entire length
of the lead in the ceramic. It is shown
in Fig. 2B.

The second type of seal is more com-
plicated. If two surfaces of ceramic
are to be joined together, they should
fit as precisely as possible at the point
of contact. An adherent layer of metal
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MAK‘ING INSTRUMENTS DIRECT READING
*  with VARIABLE RESISTORS

N RESEARCH and production testing the convenience of

having instruments read directly in the quantities they
measure has been appreciated for some time by the manu-
facturer and the user of electrical measuring instruments. So
rapid have been the improvements in most direct-reading
instruments that they now have considerably greater accuracy
than similar units manufactured several years ago without the
direct-reading feature.

In general, direct-reading scales are used only with resistors
and capacitors; the accuracies obtainable are high, frequently
as great as 0.19, of fullscale. In order to maintain high
accuracy in a direct-reading instrument, consfant frac-
tional accuracy must be obtained and the rate of varia-
tion of the unknown should be logarithmic. In any linear
scale the fractional accuracy decreases directly with the
quantity varied.

The circuit used with any direct-reading instrument has
to be chosen so that the magnitude of the variable
element is proportional to the unknown.

One of the most interesting examples of a direct-
reading instrument is the Type 650-A Impedance Bridge. This
bridge measures five quantities over exceptionally wide ranges
with the following maximum errors: for resistance, 2% for

Type 650-A Impedance Bridge, direct-readi . . .« . .
e P s e capacitance, 29%,; for inductance, 10%,; for dissipation factor
Resistance: I milliohm to 1 megohm; Capac- 3 ) / )
itance: 1 micromicrofarad to 100 microfa- (R/X) 20 /o and for s+°rage facfor (X/ R) 20 /0‘
rads: Inductance: 1 microhenry to 100 henrys For the measurement of so many different quantities and

for the very large ranges obtainable from this bridge, four
circuits and a number of multipliers are selected by two multi-
position switches. The balances are obtained by the use of
two of the four variable resistors.

The semi-logarithmic scales on the four dials . . . the CRL,
D, DQ and @ dials . . . are direct-reading. The potentiometers
used with these dials are wound on tapered cards. The scales
can be made direct-reading either by hand calibration of
each point to fit the irregularities introduced by variations in
wire size and spacing, or these irregularities can be controlled
to fit a pre-engraved scale.

Originally the CRL dial of this bridge was hand calibrated
with every line set to its proper resistance value. Later, the
calibrations on a production lot were averaged and a master
constructed. From this master calibration, other dials were
engraved on a pantograph engraving machine. These dials
are now photo-etched. In the quantities in which these instru-
ments are now manufactured, it has proven much more eco-

The cam on the CRL potentiometer. The con-

tact arm is not connected directly fo the nomical to provide the CRL potentiometers with the photo-
potentiometer shaft, but turns freely on it. etched dial scale and to compensate for irregularities by means
At the outer end a spring is pressed against of a flexible cam, than to engrave each dial separately.

a follower which rides on the cam. The cam Many other General Radio direct-reading instruments use
ivilowen Rocking Hemand ikewx Smm iSmcain resistors as the variable element. The dial scales are calibrated
changes the angular position of the contact in a manner similar to these on the Type 650-A Bridge.

arm and the scale. Adjustment of the eight
screws will take up all differences between
individual potentiometers and the master po-

tentiometer which itself is an average. GENERAL RADIO COMPANY

Cambridge. Massachusetts
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is then applied to the two faces, either
by sputtering on in a vacuum, by elec-
trolysis, or by sintering powdered
tungsten or molybdenum or carbonyl
iron on to the surface of the ceramic.
The two surfaces are then ground so
that they fit accurately. The ground
faces are then pressed together and
heated to the melting point of the
metal used and the joint is made. If it
is not desired to heat the joint to a
high temperature, a metal or solder

Leod-out-- o
Metal cap
Solder
--Ceramic
e
Metal envelope-

Fig. 4—A metal-ceramic-solder joint
made without matallizing the ceramic

with a low melting point can be used
to join the two faces. A variation of
the latter method is used to seal tube
leads to the ceramic envelope. It is

\ shown in Fig. 3. A bush is formed by
metallizing the surface of the ceramic
’ ’ as has been described. An annular

ring is soldered to the lead coming
out’ of the tube. This ring is then

soldered to the metallized ceramic by
means of silver.
] EEE A method of soldering metal directly

in the Field of Electronics IR
CAVALRY RADIO

Control of both flux and alloy—as to both quality and quantity—
the positive control that you get with Kester Rosin-Core Solder—
insures permanently corrosion-proof and trouble-free electrical
circuits. ’

The alloy in Kester Rosin-Core Solder is all pure, virgin metal! It
resists bending, shock, vibration, contraction and expansion.
Failures due to solder impurities are unknown.

The patented plastic rosin flux will not corrode terminals or injure
insulating material. It is self-contained in the solder, in exactly
the right amount for perfect results. This convenient form makes
production move faster, too!

Consult Kester engineers, backed by 42 years of specialized
experience, about any question involving solder. Write them
fully; there is no obligation.

KESTER SOLDER COMPANY

4204 Wrightwood Avenue, Chicago, Ill,

Soldiers of Troop B of the 107th Cav-
Eastern Plant: Newark, N. J. Canadian Plant: Brantford, Ont. alry Regiment of Ohio sending and
receiving radio messages using a port-
able pack radio set at the recent army

maneuvers in Arkansas. This equip-
c 0 R E D s o L D E R s ment can be used on the ground as

well as on the pack and has a range

STANDARD FOR INDUSTRY of from 25 to 50 miles. It weighs ap-

proximately 170 pounds
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Plants large and small who are making savings like
Stromberg-Carlson’s by eliminating operations with Self-
tapping Screws have a right to be pleased. But happiest of

Here’s one of the many uses Stromberg-Carlson makes of
Parker-Kalon Self-tapping Screws. Type “I'"” Screws are
used to fasten a cardboard loop to .096” steel brackets.

all are the production men who are making those savings Replacing machine screws in tapped holes, or bolt, nut and
stick through the use of Parker-Kalon Quality-Controlled lock-washer fastenings, these screws save Stromberg-
Self-Tapping Screuws. Carlson an estimated 60% in labor! Add security, too.

Assurance of saving comes with rigid laboratory control
of Parker-Kalon Self-tapping Screw quality. A laboratory
——without counterpart in the screw industry-—eliminates
“doubtful secrews™ . . . screws that look all right but some
of which fail to work right. It means that you can drive
every screw you start. And count on it to hold!

So. when you specify “Parker-Kalon”, vou can add the
advantages of eliminating “doubtful screws” to the out-

standing advantages of Self-tapping Screws themselves. : | C
No tapping costs. No lock washers. No fumbling with bolts S[ I_F'TAP pl NG S(R[WS

and nuts. No riveting. No tapping plates for thin sheet
metal. No inserts in molded plastics. And, with genuine
P-K, no slow-ups for “doubtful screws” in assembling
sheet metal, heavy steel. die cast or plastic parts. Parker-

Kalon Corp., 192-194 Varick St., New York. GWethe Green llght OB pefﬂﬂse'Assemblies

SELF-TAPPING SCREWS FOR EVERY METAL AND PLASTIC ASSEMBLY ... AND OTHER FASTENING DEVICES
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of the ne¥
4-HOLE
GLASS BASE

. in holes
o Three d""bo'l”e in nev

. peﬂ"' coating

o flawless surface in cut-
o less static charg®

AUDIODISCS for professional recording

ting ,orface nais® of broadcasting stations, sound and movie studios, and all
) lov'd’ terioration other critical applications. Double and single faced types
¢ . .
e no ily designe l":i for lateral or vertical recording,
o spec od pack’

conventional electroplating process.

for general use

¢ Yellow Label Audiodiscs, “wide latitude™ type, popular
priced for radio recordings, diction classes, sales talks
demonstrations, amateur, home and school recording.

4

Audio proudly serves in our nation-
al defense activities. Thousands of
Audiodiscs are leaving our plants Special safety cartons are now
monthly in fulfillment of govern.

trade ping 1 to 3 Audiodiscs. Write for
further information on these suc- -

ment contracts. However,
deliveries are also normal,

*

* SAFETY PACKAGE
for reshipment

fw

avaliable to you at cost for reship-

Y cessful shiping cartons.

CALL YOUR JOBRBER, OR WIRE US FOR COMPLETE INFORMATION TODAY.

90

AUDIO DEVICES

I NCONPODHARATERD

1600 BROADWAY NEW YORK CITY

WWW americanradiohistorv com —— =

CHOOSE THE

FOR YOUR SPECIFIC NEEDS

From top-quality professional recordings —
down to filing and test-cuts — there’s a new
4-hole Audiodisc designed and priced for every
recording need. Enjoy normal operating condi-
tions and new economies, too. Specify Audio-
discs for each of your particular requirements.

* Red Label Andiodiscs exceed the most exacting demands

¢ Master Audiodiscs for making copics (pressings) by the

¢ Reference Recording Audiodiscs for extreme economy
in making test-cuts, filing and reference recordings.

STANDARD HIGH QUALITY AUDIODISCS

A

to .ceramic without premetallizing the
ceramic surface is shown in Fig. 4.
A ceramic tube with annular grooves
at either end fits into two metal caps.
Into the grooves is placed solder in
powder or wire form. The lead may
be fastened to one or both of the metal
caps. The entire joint is heated in a
reducing atmosphere, or a vacuum, the
solder taking to the metal and to the
ceramic, thus forming a vacuum-tight
joint. The problem of the exhaust
tube through which the air is pumped
out of the tube is also discussed.

Airport Communications

THE PRINCIPAL COMMUNICATION re-
quirements of an airport, and a de-
scription of some of the most modern
equipment now in use are given in an
article called “Airport Communica-
tions” in Vol. 20, No. 1, 1941 of Elec-
trical Communications. Particular
reference is made to the facilities at
La Guardia Field, the Municipal Air-
port of the City of New York, includ-
ing those provided by governmental
agencies and the commercial airlines.

Airport communications facilities
fall into four groups; internal com-
munication, communication with out-
side fixed points and with other air-
ports, communication with aireraft,
and auxiliary services such as radio
direction finding on land, instrument
landing and radio beacons. Internal
communication is usually effected by
means of a private automatic branch
telephone exchange. Intercommunica-
tion between departments is sometimes
carried on by means of intercommuni-
cators, but it has been found that the
advantages of such a system decrease
with expansion of the number of inter-
phones involved. Experience indicates
that interphone systems should be used
to supplement, but never to supplant
an internal telephone system. The lat-
ter system also makes connection with
the public telephone exchange easy. At
La Guardia airport a PAX system is
used for inter-office communication and
a PBX system for interdepartmental
communication and connection with the
local central office exchanges. A loud-
speaker interphone system serves the
general offices, the communication cen-
ter, ticket center, agents, and air mail
and baggage offices. There is also a
teletype service which is used to com-
municate with airports over short dis-
tances when traffic is heavy; to dis-
seminate flight information relayed
from planes to the Airways Traffic
Control; and to link the ticket, sales,
reservations, and general offices.

To keep in constant touch with air-
craft in flight, most airports use both
the radiotelephone and the radiotele-
graph. The airport must be equipped
to maintain contact with aireraft
within the perimeter of its particular
zone. If individual equipment is not
installed by the commercial airlines,
alternative arrangements must be made
for governmental or other agencies to
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New ...Gammatron High Vacuum Rectifiers

) ) Type 253 953-B | 953-D | 953-E
to meet the expanding needs of the electronic
. . . . . Peak | Volts........... 15,000 30,000 75,000 150,000
industry. This series of Gammatrons is designed caldImverse Yol ’ ’

. . Max. Peak Current, ma._..... 1,500 80 120 400
by the pioneers of tantalum tubes specifically Max. Average Current, ma. .. | 380 % 60 -
for high volfoge recﬁﬁcoﬁon‘ They are SUibe'G Filament.................... Thor. Tungsten | Tungsten | Tungsten Tungsten

. . . Filament Volts............... 5.0 7.5 7.5 15
for a wide range of new applications because
Filament Amps............... n 6.5 b 15
they are not affected by temperature extremes | Longn, tnches.............. . % P
and no warm up period is required. Rugged | Diameter,nches. ... % 2 % 5

. . . Base..................o.ls 50 Watt M. 4 Pin 50 Watt 50 Watt
mechanical and electrical construction assure )

NetPrice .................. $18.50 $12.00 $30.00 $75.00

long life and great stamina. Write for full data.

GAMMATRUNS of course!

{ HEINTZ e KAumm}

SOUTN SAN F!ANCISCO LYo, CALIFORNIA U-5-A-
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Three very small but
important parts of a
permanent  Sapphire
Stylus Cartridge for
Astatic Low Pressure
Pickups.

SMALL BUT MIGHTY

® GCoing into the manufacture of Astatic Crystal
Products are many small parts, every one of
which must be designed, produced and assem-
bled with the utmost skill and precision. The de-
gree of perfection with which this is accom-
plished is a true measure of the operating
efficiency of products of which they are a part.
No one is more aware of these facts than those
associated with the difficult problems of design
and engineering. The dependability and effi-
ciency of Astatic Crystal Microphones, Pickups,
Cartridges and Recording Heads, over a long
period of years, reflects the accuracy and care
with which Astatic unit parts are manufactured
and assembled for the highest degree of per-
formance and satisfaction.

Consider the time-tested and proven effi-
ciency of Astatic Crystal Products for your
particular field or requirements.

THE ASTATIC BUHFURATII]N

TU“HESTI]'I'I'H OHID
o o

o —WWW americanradiohistorv.com

render this service and to keep in con-
tact with aircraft at least until the
zone of the next airport is reached.
All flight activity in this country is
subject to instructions from Airways
Traffic Control of the Federal Civil
Aeronautics Administration. At La
Guardia Field, it supervises flight op-
erations in the New York area. In-
structions to commercial airplanes
while in flight between airport control
tower areas are relayed through the
ground-airplane radio facilities of the
airline concerned. However, contact
with military and itinerant planes is
made directly by radio from Airways
Traffic Control until the plane comes
within the airport control tower area.
For this latter service a transmitter
which operates on a fixed frequency of
209 ke is used. It is modulated con-
tinuously with tone at a level which
permits speech to be imposed on it with
adequate intelligibility. One receiver
monitors 3,105 ke for reception from
itinerant planes, and another monitors
4,495 ke from military planes. In
addition, the tone signal of the range
transmitter is monitored (on 209 ke)
and the local control tower on 362 kec.

Thirteen sets of teletype equipment
are used by the weather reporting serv-
ice at the field. Each set consists of a
printer with its associated reperfora-

UNIVERSITY OF CALIFOR-
NIA MICROSCOPE

Completing seven months of work, 24-
yvear-old Floyd Luther graduates at the
University of California, realizing the
fruit of investigation in foreign labora.
tories with the completion of the elec-
tron microscope shown above. Assist-
ing Mr. Luther is Don MacFarland. We
cannot resist the temptation to pass on
to our readers the fact that the original
caption for this photograph announces
that in the construction of this micro-
scope was utilized “revolutionary new
grinding process employed in the con-
struction of three sets of electric lenses”
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STACKPOLE Offers You Facilities to Immediately Produce
Small Parts and Sub-Assemblies for Your Defense Contracts

As the demand for increased defense production grows

ﬁ ‘Our Facilities Include: B greater and greater, the sub-assembly service offered by

Bakelite Molding Equipment for
parts and sub-assemblies for equip-
ment and instruments.

Complete Punch Pressing Depart-
ment, engineer-craftsmen.
Complete Assembly Equipment for
production of small parts.

Design and Production Engineer-
ing for special ideas and new
designs.

: Stackpole becomes of particular importance. Our entire
resources are available for making small parts and sub-
assemblies under your defense contracts and to help
solve production problems involving Switches, Resistors,
Iron Cores and other units for use in radio and electri-
cal instruments, motors, etc. We invite manufacturers
to share our experience and efficiency in designing and
producing various types of small units.

will be glad to go into full details.

MAY WE DISCUSS YOUR DEFENSE PROBLEMS WITH YOU? Our engineers
This service is yours, of course, without obligation.

F:

BRING YOUR PRODUCTION
PROBLEMS TO STACKPOLE

, PENNA. U.S. A.
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DONT LET RESISTORS CRAMP
YOUR ENGINEERING STYLE

For several years Sprague Koolohm resistors have been doing the jobs
“that couldn’t be done.” A few of the outstanding recent applications
of these remarkable resistors follow:

@® A radio transmitter manufacturer used the simplified and
completely ceramic insulated mounting features of Koolohms
to reduce size and weight of his unit—and met a pre-
viously ‘‘impossible’’ specification.

@ The extremely high resistance values available in small
Koolohm sizes with high wattage and voltage ratings per-
mitted an instrument manufacturer to redesign his products
for great material and cost savings.

@® Another manufacturer increased efficiency and lowered
costs when we proved that one close tolerance Koolohm of
special design would replace eight conventional resistors
previously used in his product.

@ A user of Precision Meter Multiplier Resistors was pleas-
antly surprised to find that Koolohm multipliers are rated
at 150° C., eliminated the need for special mounting loca-
tons, and that 4 megohms could be obtained in a unit
5-5/16” long, completely sealed to withstand even salt
water immersion tests.

And so on, in one tough application after another, we can almost
guarantee that Koolohms will solve your resistor problems. Your inquiry
will bring an engineering catalog, samples and engineering consultation.

WOUND WITH CERAMIC-INSULATED WIRE . . .

. that is 1000° C. heat-proof and moisture-proof
and which affords ample high-voltage insulation.
Layer or interleaved windings permit important con-
struction advantages.

Sprague Specialties Co., Resistor Division
North Adams, Mass.

SPRAGUE KOOLORMS

Totally Different Outstandingly Superior

94,
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tor and a transmitter. The reperfora-
tors are used when required to per-
forate a tape simultaneously with the
reception of information in printed
form on the printer. The tape may
then be transferred to the transmitter
for transmission of the reports to
other distribution points and to local
subscribers. A similar set of equip-
ment is used for the flight control and
progress report circuit.

The American Airlines communica-
tion facilities are covered in some de-
tail. Four transmitters are located at
the Jamaica Bay Station, about 10
miles south of the airport. Two are
multi-channel transmitters made up
of a power unit, one telephone radio
frequency unit and two c-w telegraph
units. Each of the r-f units is rated at
3-kw antenna output and is arranged
for selection of six operating fre-
quencies by remote control. The third
transmitter is a single channel c-w or
telephone unit with an output rating
of 1 kw, and is arranged for remote
selection of ten frequencies. The fourth
is a 250-watt unit for remote selection
of six frequencies on c-w telegraph
onlv. In addition, three auxiliary
transmitters for telephone use only,
rated at 50 watts and operating only
on two frequencies, are installed near
the operating positions in the com-
munications center.

Seven receivers, each crystal con-
trolled for two frequencies, are lo-
cated at the station on nearby Rikers
Island. Four similar auxiliary re-
ceivers are installed near the operating
positions in the communications cen-
ter. All of the transmitters and re-
ceivers are wired into a jack field
where circuits from the operating po-
sitions also terminate. The remotely

PLANE SOUND LOCATER

A trio of soldiers from Fort Totten,

N. Y.. operate a plane sound locater

on exhibit at the National Defense Ex-
position in Grand Central Palace
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Shielding
Hook-up Wires

Millions of feet of Belden wire are being used in
radio communication equipment for the Signal
Corps,in tanks, planes, and in many other neces-
sary defense operations.

Through the years, Belden wires have been de-
veloped to meet just such unusual requirements,
Specialized experience in wiring all types of elec-
trical equipment is back of each product. Perform-
ance records show what each wire is designed
to do. Close inspection in every step of manufac-
turing maintains each essential characteristic.

On your orders for defense equipment, specify
Belden—your wire insurance.

Belden Manufacturing Company
4625 W. Van Buren St., Chicago, Il

Belde

CABLE

The Rauland Corporation
uses Belden Wire in the manu-
facture of ‘Walkie-Talkies,”
tank transmitters, and similar
communications equipment
for the United States Army.

ELECTRONICS — November 1941
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IN AUTOMATIC ELECTRIC RELAYS/

Automatic  Electric  relays are
world-famous for quality. Tested
by time through years of exacting
use . . . constantly improved by
endless laboratory tests . . . backed
by the “know how” gained from 50
years of specialized manufacturing
experience—these relays give you
the superior performance and long

life that mean genuine economy.

The complete Automatic Electric
relay line includes units for every
operating condition. All are char-
acterized by positive action and de-
pendability—for which you pay no
premium.

Send for your free copy of our
comprehensive relay catalog.

AMERICAN AUTOMATIC ELECTRIC SALES COMPANY
1033 W. Van Buren Street, Chicago

BUD RADIO,

CLEVELAND, OHIO
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You Can Always
Rely on BUD

. - . for your sheet metal re-
quirements, CABINETS,
RACKS, CHASSIS, PANELS

. everything necessary for
all types of industrial clec-
tronic applications and com-
mercial station installations.
For prompt quotations, send
your prints or specifications.

INC.

installed radio equipment is under com-
plete control of the operators through
the remote control units at each oper-
ating position. A teletype operating
section is also included in the facilities
of the American Airlines.

A number of new type radio instru-
ment landing systems are being in-
stalled at the airport. Through beams
of ultrashort wave energy transmitted
from highly directive equipment at
the airport the pilot, by means of an in-
strument on the instrument board of
the plane, can determine the exact line
of approach laterally to the concrete
runway and also the exact line of
descent when five miles or more away.
Two marker beacons along the line of
approach to the landing runway indi-
cate to the pilot when he should be at a
predetermined altitude and when he
passes the boundary of the airport.
The marker beacons operate at a fre-
quency of 75 Me, and the horizontal
and vertical guide beams which use
separate transmitters and antennas,
radiate at 109.9 and 93.9 Me respec-
tively. The use of ultrahigh frequency
permits smaller antennas, thus reduc-
ing obstacle hazards. In faet the
horizontal guiding beam antenna may
even be located underground, with a
slight reduction in range. The vertical
guiding antenna is placed to one side
of the field thus does not constitute a
hazard, and the marker beacons can be
placed beyond the danger zone.

The article is quite comprehensive
and merits the attention of ELEc-
TRONICS readers since almost all types
of communications equipment is used
at airports. There is also included a
radio direction-finding system installa-
tion. The indicating device is a cath-
ode-ray oscillograph having a 360-de-
gree azimuth scale around the periph-
ery of the screen. In the absence of
signal and noise the light spot is
centered with respect to the azimuth
scale. As soon as a carrier wave
reaches the collector system the spot is
deflected toward the azimuth indication
corresponding to the arrival azimuth
of the wave itself. The indication is
instantly and automatically unilateral
eliminating 180-degree uncertainty,
and the deflection can be read to within
two degrees when receiving from
planes up to a few hundred miles away
under favorable conditions.—E.E.G.

Phototubes in Meteorology

THE PROBLEM OF ATMOSPHERIC HAZE, a
phenomenon which results in a “false
horizon” which confuses aviators is
being studied at Stanford University.
Some of the obstacles encountered in
this problem and the results of the in-
vestigation are outlined in an article
entitled “The False Horizon,” by Vol-
ney Finch which appears in the Oct-
ober 1941 issue of Aviation.

In seeking data on the cause of haze,
an effort was made to determine its
relationship to relative humidity, con-
densation nuclei density, dust count,
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for
production
testing

the Model 14 is tried and proven

* Maximum economy
* Maximum dependability
* 10 frequencies as selected

#* Variable air condenser for each
frequency

* Range 100 k. c. thru F-M band

Additional information on this

and other Signal Generators on
request.

Monarch MANUFACTURING CO.
3341 Belmont Ave. Chicaqo, I
Cable Address "MONMACO"

FERRANTI
Quality Products

®
60 YEARS OF DEVELOPMENT

Transformers for every e]et.'ron-
ic, sound, communication; indus-
“4rial, and laboratory use — min-
iature aero transformers for air-
craft and portable work — high
power plate and filament trans-
formers — filters, equalizers,
modulation sets, rectifiers, etc.
— electrostatic voltmeters, port-
ablje

voltmeters, ammeters,

phase rotation indicators, spe-

cial testing ‘equipment, and -nu=
merous other instruments..
Prompt Secrvice = Low Prices

—Immediate Deliveries. Write

for literature and prices.

it

ELECTRIC,INC.

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

and the time of day. The method used |
was to project a light beam down an |
open field to a phototube, and measure
continuously the intensity of the beam
as it varied by reason of its light scat-
tered by the particles constituting the
haze. The nuclei density was obtained
and recorded by an apparatus pre-
viously used by Professors Bradbury
and Meuron for measuring the varia-
tion of the number of condensation
nuclei in the atmosphere throughout
the day. In this apparatus an air |
sample is drawn into a Wilson cloud |
chamber and expanded. The expan-
sion cools the air to below the satura-
tion point with the result that the
water vapor in the sample condenses
upon the nuclei present. A light beam
through the cloud chamber is directed
onto a phototube, and a relationship
has been established between the
amount of light extinction and the
number of nuclei present. A galvano-
meter is arranged to measure and
record the result on a photographic
paper mounted on a rotating drum.
The apparatus examines the sample
in fifteen minutes, and since it is oper-
ating continuously the record shows
the number of condensation nuclei
present in the atmosphere at the field
at intervals of fifteen minutes through-
out the day.

FOREIGN LANGUAGE
BROADCASTS RECORDED

With intense radio broadcasting activ-
ity under way by every major national
government in the world. propaganda
activities are continually being studied
and recorded in this country. Here are

shown a complete battery of multi-
lingual listeners who are tuning in to a
number of European broadcasts. It has
become practice for European nationals
to transmit the same news on two or |
more transmitters simultaneously to |
insure that it gets through the jamming

of a hostile nation |

ELECTRONICS — November 1941
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G vcirion THadtice

@® High processing costs and pro-
duction delays are wiped out by the
use of Richardson precision Molded
or Laminated INSUROK plastic parts
They come to

or finished products.

you ready for instant use.

Step up output by putting Richardson
Plasticians and facilities into your
INSUROK plastics
are manufactured in many types and

production line.

grades. Literature will gladly be sent

on request.

<74 RICHARDSON COMPANY

FOUNDED 1858
MELROSE PARK, ILL. LOCKLAND. OHIO
NEW BRUNSWICK. N. J. INDIANAPOLIS, IND
DETROIT OFFICE: 4-252 G. M. BUILDING

NEW YORK OFFICE: 75 WEST STREET
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Try a Hallicrafters Super Sky-
rider, Model SX-28 and know the
difference! — in operation, per-
formance and stability. This 15
tube, 6 band communications
receiver delivers dependable re-
sults, even under adverse operat-
ing conditions. Covers 550ke. to
42me. The controls are arranged
to give effortless tuning.

See the Super Skyrider model
SX-28 at your Hallicrafters dis-
tributor today.

N s

With setectivity Adjust phasing Retune Receiver to
awitch in XTAL controicarefully the stronger ampli-
sharp position iden- until this weak- tude and then adjust
tify the weaker am. er amplitude is pitch control until
ptitude — Tune Re- reduced to a you get note most

ceiver tothe weaker. minimum. pleasing to copy.

Resistance Tuning

THE IDEA of varying the frequency of
an oscillator by means of changing
the resistance in the inductance or
capacitance portion of the circuit is
not new. This scheme has not been
widely applied because of the limited
frequency range afforded by using this
expedient. However, recently several
interesting papers on the subject of
resistance tuning have appeared in
various journals. One of these is called
“Theory and Application of Resistance
Tuning”, by Cledo Brunetti and Eric
Weiss, and appears in the June 1941

issue of Proceedings of the ILR.E.
P — A
b1
d L
v
R, R,
Y
B
Fig. 1—Circuit of simplified ideal

oscillator

From the viewpoint of priorities and
technical interest, it merits our at-
tention here.

A simplified diagram of a resistance-
tuned oscillator is shown in Fig. 1.
The element to the left of A—B is a
negative resistance of constant value
r.. For this circuit, it can be shown
that oscillations will occur when

+9c+9L=0 1)

n
The frequency of oscillation will be
} 1= C oRe?
1 h T
T envic Y1=C Rt
L 4
Inserting Eq. (2) into Eq. (1) gives
L R R¢ 5
CBL+ER) T RiFEs @
Thus if either B, or R, or both are

—rh =

Cp?
-ERy
I-§£R?

__1
mvic

Frequency
Frequency

Resistance Resistance
(o) (b)

/
the hallicrafters co.

CHICAGO, U.S. A,
USED BY 33 GOVERMNMENTS

SOLD IN 89 COUNTRIES

98

Fig. 2—Frequency of resistance-tuned

oscillator. Curve A: R, = 0, R, varied

from 0 to VL/C. Curve B: R, = 0, R,

varied from 0 to VL/C. Curve D: R,

+ R, = k< VL/C. R, varied from 0

to k. Curve E: R, + R, = k/2; R,
varied from 0 to k/2

*

JACKSON

Resistance-Capacity Tuned

AUDIO OSCILLATOR

Model 652

Here is a tried, proven and accepted
Audio Oscillator whose brilliant perform-
ance sets it apart from other makes.
Audio Frequency voltage is developed at
its Fundamental Frequency—by the Re-
sistance-Capacity Tuned Principle. This is
not a ‘“beat frequency’’ oscillator and
contains no R.F. circuits. Operation is
vastly simplified. Characteristic faults of
old style methods are eliminated. Glass
enclosed direct reading dial is accurate to
within 3% or one cycle. Many other out-
standing features. Price $88.50.

Write for descriptive literature

THE JACKSON ELECTRICAL
INSTRUMENT COMPANY

123 Wayne Avenue Dayton, Ohio

B-1-W.

FLEXIBLE COAXIAL

CABLES

INSULATED with low loss rubber
compound or specially designed
beads providing a maximum of air
insulation.

CONDUCTORS used to give the
desired impedance within close tol-
erances.

COVERINGS of cotton braid for
maximum flexibility or high grade
rubber or synthetic sheath providing
suitable protection against humidity
and weather conditions.

ALL CABLES are made to order to
customers’  specific  requirements,
from a simple patch cord to a large
multi-conductor television camera
cable.

B. I. W. MANUFACTURES numer-
ous high quality wire and cable
products which today are being used
in defense equipment from large
aircraft to the smallest electrical
instrument.

BOSTON INSULATED
WIRE AND CABLE COMPANY
61 BAY ST., BOSTON, MASS.
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varied and 7, adjusted to maintain
Eq. (3) the frequency will vary in the
manner given by Eq. (2).

The curves in Fig. 2 show how the
frequency varies as the resistance is
changed in either leg of the circuit, or
in both legs simultaneously. It is seen
that by proper choice of L and C the
frequency may be varied over any
desired range for any predetermined

Summary of Resistance-Tuned Transitron
Oscillator Performance

Ratio of

Tuning Resist. Frequency

ance in Variation Wave Form
L arm 25 to 1 Variable®**
L arm 5101 Good
C arm 2t Good
Both L and C arms 50 to 1 Variable
Both Land C arms 20 to 1* Variable
Both L and Carms 1.5 to 1** Good

* Near-linear relationship between {re-
quency and resistance.

** True linear relationship between fre-
quency and resistance.

“** Waveform good over large portion of
range: approaches relaxation oscillations
over remainder of range.

range of variation of resistance. In
practice however, certain limitations
prevent complete attainment of the
theoretical behavior.

A large variation in frequency re-
quires so much resistance that wave-
form becomes distorted. The theoreti-
cal aspects of the nonlinear factors
which influence the frequency are dis-
cussed by the authors. They also con-
sider tuning by means of a variable
resistance in the inductance arm, in
the capactive arm, extended range tun-
ing by adding variable resistors to
both arms, straight-line tuning, the
effect of supply voltages on frequency,
and applications. The table sum-
marizes resistance-tuned transitron
oscillator performance. The resistance-

A battery of remote pick-up units in-

stalled in the Oval Room at the White

House at Washington, D. C., on Sept.

12 when President Roosevelt made his
historic speech

CENTER: Type MO2 unit is

ruggedly built for portable and

| mobile transmitters; 2,000kc.
to 30,000ke.

RIGHT: Type BC467T Preci-
| sion Variable Air Gap Temper-
| ature cor.trolled unit primarily

Broadcast frequencies.

Approved by F. C. C.

l for

i
|
]
l

|

LEFT: Type MO3 temperature
controlled unit specially de-
signed lor high frequencies.

—

BLILEY Crystal Units for frequencies from 20kc.
to 30mc.—three of which are illustrated—
conform to highest commercial standards of de-
sign and performance. Write for your copy of
Catalog G-12 describing the complete line.

BLILEY ELECTRIC COMPANY

'UNION STATION BUILDING

ERIE, PA.
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DON’'T BUY
ANY RESISTOR

until you investigate the % Ceramic Resistor

BRAND

® Your choice of a resistor is important. That’s why you should
find out all about Globar Brand Ceramic Resistors that are
serving industry in so many different ways.

They are non-inductive, chemically stable, mechanically
stroﬁg .. and available in a wide selection of types, shapes,
sizes and characleristics.

If vou are faced with any kind of resistor question. the s?rvice
of Globar engineers is yours for the ilwkillg.. Simply write for
Bulletin R and give us details of your requirements.

GLOBAR DIVISION
THE CARBORUNDUM COMPANY, NIAGARA FALLS, N. Y.

REG. U, §.PAT. OFF.

(Globarisaregistered irade-mark of The Carborundum Company)
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@ Introduced some time ago in the electro-
lytic type, Aerovox Plug-in Capacitors
are now available in wax- and oil-filled
paper types as well. Thus more than
ever before, these plug-ins are the logical
choice for aircraft, military, police,
sound system and other equipment
where continuity of service is the prime
requisite.

ELECTROLYTIC. ..

Available with plain foil and with etched
foil sections. Single, dual, triple and quad-
ruple section units. 25 to 500 v. D.C.W.
Corrosion-proof internally and externally.
Adequately vented. Octal base fits standard
octal socket.

WAX-FILLED . . .

Type 71, a wax-impregnated wax-filled
paper capacitor in aluminum casing. Octal
base. Single and multiple section units.
200, 400 and 600 v. D.C.W.

OIL-FILLED ...

Type 72, an oil-impregnated oil-filled paper
capacitor in aluminum-sprayed tin-plate con-
tainer with prong base fitting standard UX
socket. Hermetically sealed. Positively leak-
age proof. In single and multiple section
units. 400 and 600 v. D.C.W.

New CATALOG ...

Our Transmitting Capacitor Catalog has
been extensively revised and new loose-
leaf pages are now available. New edition
available to anyone actively engaged in
professional communication or electronic
fields. Use business stationery when writing,
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TUBES

For the first time no new tubes have been
registered by the RMA Data Bureau dur-

ing a calendar month.

Characteristics of

a number of phototubes are presented

Tube Registry

No new tube types were registered by the
RMA Data Bureau during September 1941

Phototubes
Types G-1 and V-1

General Scientific Corp.

PHOTOTUBES, gas-filled (G-1) and vac-
uum (V-1), cathode area 1% sq inch
(approx), seated height to center line

of cathode 11 inch, overall seated
height 3+ inches (max), diameter
1{5 inch (max), 4-pin base.

k

o

LN
§;F IED%
k3

5 1

o 2400 4000 5600 7200

Wovelength - Angstroms
I;‘l?; "gRed

A

Sensitivity
Gas-filled phototube = 63
pa/lumen
Vacuumn phototube = 10
ua/lumen

Operating Voltage = 90 v

Type 927
R.C.A.

Gas phototube, window area 0.4 square
inch, seated height to center line of
cathode 1% inch, overall length 2 15/32
inches (max), overall diameter 23/32
inch (max), 3-pin base.

ity
35888

—_—

s

. o I I
= YT
S

Woavelength, 0 9
Angstrom Units.
Thousands

Relative Sensitivi
Percent

Gas Amplification Factor — Not over 7

Luminous Sensitivity
0 cps {de) = 75 pa/lumen
1000 cps = 70
5000 cps = 65
C(cathode-anode) = 2.0 puf
Max Ambient Temp = 100° C
Max Anode Supply Voltage
=90v
Max Anode Current = 2 ua
Sensitivity (£ anode supply
= 90 vand Ri=1 megohm)
= 0.0050 pa/uwatt radiant

flux at 7500 A. See curve.

Types G-4 and V-4

General Scientific Corp.

PHOTOTUBES, gas-filled (G-4) and vac-
uum (V-4), cathode area 3 sq inch
(approx), seated height to center line
of cathode 13 inch (aprox), overall
seated height 2 inches (max), diameter
14 inch (max), supplied without base.

. b
Sensitivity g_ /\ v
Gas-filled phototube = 63 £ o
pa/lumen w2 T
Vacuum phototube = 10 § 3 o
ua/lumen 2400 4000 5600 7200
Operating Voltage = 90 v Wavelength - Angstroms
o« Ble e Red

cleas

Types G-6 and V-6

* General Scientific Corp.

PHOTOTUBES, gas-filled (G-6) and vae-
uum (V-6), cathode area 1% sq inch,
(approx), seated height to center line
of cathode 1% inch, overall seated
height 21 inches (max), diameter 1%
inch (max), 4-pin base.

6

L H)

<, } V]
=

S 240 200 500 1200

Wavelength - Angstroms
B et

A

Sensitivity
Gas-filled phototube = 63
pa/lumen
Vacuum
pa/lumen
Operating Voltage = 90 v

phototube = 10

Types G-7 and V-7

PHoToTUBES, gas-filled (G-7) and vaec-
uum (V-T), cathode area 14s sq inch
(approx), seated height to center line
of cathode 2% inches, overall seated
height 3% inches (max), diameter 1%
inch (max), 4-pin base.

o

N

€ 1

2400 4000 5600 1200

Wavelength - Angstroms
Blue Red

sponse
o

1

Relative Re:

A

Sensitivity
Gas-filled phototube = 63
pa/lumen
Vacuum phototube = 10
pa/lumen

Operating Voltage = 90 v
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Types G-5 and V-5

General Scientific Corp.

PHOTOTUBES, gas-filled (G-5) and vac-
inch
(approx), seated height to center line |
overall seated

uum (V-5), cathode area § sq

of cathode 17% inch,

height 2% inches (max), diameter 1
inch (max), supplied without base.
Seasitivityd N 2 6
sas-filled phototube = 63 &
#a/lumen é“ |
Vacuum phototube = 10 ¥2 N> ™1
pa/lumen % T 1|
Operating Voltage = 90 v o 2400 4000 5600 7200

Wavelength — Angstroms
Blue Red

Types G-8 and V-8
General Scientific Corp.

PHOTOTUBES, gas-filled (G-8) and vac-
uum (V-8), cathode area % sq inch
(approx), seated height to center line
of cathode 2+ inches, overall seated
height 375 inches (max), diameter 1+%
inch (max), 4-pin base.

A

o

T
1

IS

1

LA

N

-
2400 4000 5600 700

Wavelength — Angstroms
BI%L Red

Relative Response

k

Sensitivity
Gas-filled phototube
pa/lumen
Vacuum phototube
pa/lumen

63

10

Operating Voltage = 90 v

Types G-9 and V-9 '
General Scientific Corp.

PHOTOTUBES, gas-filled (G-9) and vac-
uum (V-9), cathode area 3§ sq inch
(approx), seated height to center line
of cathode 245 inches, overall seated
height 3% inches (max), diameter 175
inch (max), 4-pin base. |

A

2400 4000 5600 1200

Wavelength - Angstroms
l;‘l?:a Red

6
4
2

Relative Response

Sensitivity
Gas-filled phototube
pa/lumen |
Vacuum phototube
wa/lumen |
Operating Voltage = 90 v

63

1C

Types G-10 and V-10

General Scientific Corp.

PHoTOTUBES, gas-filled (G-10) and vac-
uum (V-10), cathode area 1¥s sq inch
(approx), seated height to center line
of cathode 21% inches, overall seated
height 4 inches, diameter 2% inches, |
flexible leads.

2o
Sensitivity §'4 | {
Gas-filled phototube = 63 &2+ T
pa/lumen U 1l
Vacuum phototube = 102240 4000 560 1200
pa/lumen Wavelength ~
Operating Voltage = 90 v Biue Red

}

TYPE 65X

It Actual Size

ll'! oOther typPes available in
II the lower values

RESISTOR
GIVES FUL

14 shows i“usfraﬁgns\ﬁ
ent types ©
Resistors an
truction, € .
‘::)':y,r with Price List, wi
on request.

L DETAILS

d c.;ivt;-s details
dimensions

BULLETIN 37

§ the differ-
hite Molded

abouf
, etc. A
1t be mailed

Write for it—today

moupED

fe mESiSToRS

-

values and
of temperature,
changes.

STANDARD RANGE

1000 ohms to 10 megohms.

NOISE TESTED

humidity and

For the

sistance of 1 part in 1,000,000.

HIGH VALUES

15 to 1,000,000 megohms.

WHITE

The S. S. White Dental Mig. Co.

Department E, 10

INDUSTRIAL DIVISION

HESE widely used Resistors are favored
because of their noiseless operation and
durability and because they retain their
characteristics under extremes
climatic

At slight additional cost, resistors in the
standard range are supplied with each resis-
tor noise tested to the following standard:

complete audio frequency
range, resistors shall have less noise
than corresponds to a change of re-

East 48th St., New York, N. Y.

NEW PRINCIPLE

One piece blade
with rolling spring

This new, simple principle
gives ACROSNAP
SWITCHES these out-
standing characteristics.

Millions of Operations.

Positive, frictionless snap
action.

Precision Operation.

Low Operating Pressure.
High Contact Pressure.

High Operating Frequency.
Small Size. Easy Installation.

ACRO EL

3145 Fulton Rd.
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Dept. K

T e B e e s T

OVERTRAVEL TYPE

This switch has 1/16" overtravel, that is, total travel
of 1/16" of which only approximately 1/1000" is re-

quired for actuation. The balance is usable in
adapting the switch to the mechanism which operates

it.

Write for information advising purposes for which switches are desired.

ECTRIC CO.

Cleveland, Ohio
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from the Original by Allen Houser, Grandson of Geronimo

FAST STEPPIN’ coo 5 meeae autcven osne RELAY'S!

% The fastest and best method of transmitting signals or im-
pulses yesterday ortoday ... RELAYS! But, for those who demand
the best means of this best method . . . Releys by GUARDIAN!

RELAYS by GUARDIAN

TUDAY—on defense contracts . . . Government approved Relays
by Guardian will speed production . . . outperform gear, cam,
spring and lever controls . . . prevent rejects and help you meet
and beat delivery dates.

PR

TOMORRow—when the end of defense demands leaves you
with expanded plant and production, your peace-time product
equipped with complete Electrical Control by Guardian, will cost
less to produce . . . sustain increased capacity . . . meet compe-
tition . . . return MORE PROFITS!

FREE—Inilial Your Letterhead for New Calalog “I*'. Write

GUARDIAN ELECTRIC

1625 West Walnut Street Chicago, Hlinois
LARGEST LINE OF RELAYS SERVING AMERICAN INDUSTRY

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

Types G-11 and V-11

General Scientific Corp.

PHOTOTUBES, gas-filled (G-11) and
vacuum (V-11), cathode area 1% sq
inch (approx), seated height to center
line of cathode 1% inch, overall seated
height 23 inches (max), diameter 13
inch (max), 4-pin base.

k

o

o~

7\
A A
[
2400 4000 5600 1200
Wavelength - Angstroms
Blue Red

r

Relative Response

Sensitivity
Gas-filled phototube
pa/lumen
Vacuum phototube
pa/lumen

Operating Voltage = G0 v

63
10

Types G-12 and V-12

General Scientific Corp.

PHOTOTUBES, gas-filled (G-12) and vac-
uum (V-12), cathode area 2 sa inch
(approx), seated height to center line
of cathode 11} inch, overall seated
height 214 inches (max), diameter
175 inch, 4-pin base.

AL

2400 4300 5600 1200

¥
s
@
&
¥
%
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¥ g
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Defense wanted the speakers moisture-proofed! In meet-
ing this requirement, CINAUDAGRAPH successfully test-
ed the MALLARD under water.
Whether it's for Defense, or just plain John Q. Public,
CINAUDAGRAPH SPEAKERS represent superior work-
manship, fine materials and intelligent engineering design.
Write now for the new Fall Catalog listing all speakers.
It's free!

CINAUDAGRAPH SPEAKERS, Inc.

Dept. ES, 921 W. VanBuren Street
CHICAGO ILLINOIS

R B
131 Ty

!
|
z
{
i
|
|
i
|
|
|
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Wavelength - Angstroms
Blue R

A

Sensitivity
Gas-filled phototube
pa/lumen
Vacuum

63

phototube 10
pa/lumen

Operating Voltage = 40 v

AERIAL WEAPON

L

i PR

A strange looking radio controlled
aerial weapon developed by a Mare
Island Navy Yard engineer has
aroused the interest of Army officials
at Vallejo, Calif. The winged tor-
pedo shown above operates on the
principle of the gyroscope and is de-
signed to fly at an altitude of 30,000
feet, carrying a load of bombs. John
Hodgdon, the inventor. is shown at the
left, with Bob Polson, who built the
working model shown

November 1941 — ELECTRONICS



’ Types G-13 and V-13 '

General Scientific Corp. [

kPHOTOTUBES’ gas-filled (G-13) and
vacuum (V-13), cathode area Z sq
| inch (approx), seated height to cen-
ter line of cathode 131% inch, overall

rm'rzn'r NE 2192348

Ne 75::“
Y Check

THE IMPROVED FEATURES OF THIS
BETTER PANEL LIGHT ASSEMBLY

i. Buib instantiy replaceabte from panel front.

2. “Slip-At" bezel of polished chrome slides out from
front—exposing bulb,

. Supplied with clear white ““Bulls-eye'’ and removable
color disc.

. Different cotored discs quickly inserted.
. Cofors show only when lamp is lighted.

. Also supplied with colored glass
diamond cut type.

. Precision engineered . ., made of finest materials.
. Can be adapted to many various applications.

No. 75 Type is only one of the big line of standard and
special Dial and Jewel Pilot Light Assemblies we make.

They are used hy most leading electrical, radio, and
airplane manufacturers.

Will You Write for Our Catalog?

w

smooth or

oON Do

DRAKE MANUFACTURING CO.

1713 W, HUBBARD 5T. » CHICAGOD, U.5 A

From AC to DC with
183=1t, RECTIFIERS

To know what to do is wisdom and to know
how to do it is skill. To combine wisdom and
skill and do the job right is service.

B-L engineers are backed by 25 years of de-
signing and building dry plate metallic recti-
fiers for industrial applications of an almost
endless variety, together with years of expe-
rience in manufacturing portable battery
chorgers for Railroad and Automobile bat-
tery servicing. They know their job and will
welcome the opponumly to solve your rec-

tifier problems.
‘\mmm

\u \
1)1y RECTIFIERS |

L

the BENWOOD LINIE CO.

Maenulacturers

ST. LOUIS, MO.

May we serve you?

Eaginwass =

1805 LOCUST STREET -

seated height 87 inches,
1% inch (max), 4-pin base.

26
g
2—4
&
32|
] .|
&-2400 4000 5600 7200
Wavelength - Angstroms
Blue Red
‘ A
Sensitivity
Gas-filled phototube = 63
paslumen
Vacuum phototube = 10
| pa/lumen

Operating Voltage = 90 v

Types G-14T and V-14T

General Scientific Corp.

TwIN phototubes, gas-filled (G-14T)
and vacuum (V-14T), cathode area 2
sq inch (approx) each cathode, seated
height to center line of cathodes 2
inches (approx), overall seated height
3 inches (approx), diameter 145 inch
(approx) 4-pin base.

o &8 o

Relzmw Response

2400 4000 5600 1200
Wavelength - Angstroms
Blue Red

Sensitivity
Gas-filled phototube
pa/lumen
Vacuum phototube = 10
pa,/ lumen

Operating Voltage = 00 v

= 63

Types G-15F and V-15F

General Scientific Corp.

PHOTOTURES, gas-filled
vacuum (V-15F), cathode area 1 sq
inch (approx), seated height to center
line of cathode 113 inch, overall seated
height 1% inch (approx), diameter §
I inch, 3-pin base.

86

3T

€, /1 | A

& L

5 U L

& 2400 4008 5600 1200
Wavelength = Angstroms

Blue ™ Red

Sensitivity
(ias-filled phototube =
pa/lumen
Vacuum phototube =
pa/lumen

] Operating Voltage = 90 v

063

10
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diameter

"...AND WE HOPE
- THERE WILL

ALWAYS BE A

KENYON”

One of the greatest reasons for

(G-15F) and |

Kenyon's leadership has been its
consistency of quality and de-
pendability . . .

Day after day our many cus-
tomers, the blue blood of the
electrical industry, say to us,
"We hope there will always be
a Kenyon."

These companies by past experi-
ence and justified faith have
come to rely heavily upon Ken-
yon products. We take that
responsibility seriously . . . and
to the best of our ability, there
will always be a Kenyon.

RENYON TRANSFORMER CO., Inc

840 BARRY STREET = HEW YOHE, N. Y

Cabiln Addross; "EENTAAN"—New York
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Relays . . . Relays . . . Relays
FOR DEFENSE!

Every department in the new G-M Laboratories plant is keyed for
Defense. Below is pictured a brand new and better Relay now being
produced in quantities to further the National Defense production Pro-
gram. If you are engaged in Defense production and need relays, or
any other G-M product’* write or wire for information.
* Other G-M items include Phototubes, Phototube
Equipment, small and miniature Meter Movements.
Exposure Meters, Sensitive Instruments, Step.
ping Relays, Sensitive Relays and Galvanometers.

New G-M Relay Type “J”’

1—Low weight, small size, rugged construction

2—Designed to withstand high acceleration and aircraft vibra-
tion

3—Suitable for use at high altitudes

4—Satisfactory under conditions of high humidity

5—Self cleaning contacts

4313 NORTH KNOX AVE.

CHICAGO, U. S. A.

PERFORMANCE AND DEPENDABILITY

Electronic Tubes by Continental represent the accumula-
tion of many years of experience in research, engineering,
and production. They are definitely better both in per-
formance and dependability.

That is why many of the country's foremost manufacturers
have made Continental-built Electronic Tubes standard for
their equipment. Your product, too, will perform better
with them.

Write today for engineering data on photo cells, mercury
rectifiers, ultra-violet lamps and other tubes produced by us.

CONTINENTAL ELEGTRIC CO.

Merchandise Mart Plant
Chicago, Illinois Geneva, lllinois

Cetron
6 amp. Rectifier

FAMOUS

for years . . .

for their uniform accuracy
and great strength ., . .
for the unique self-locking
feature on the '"Unbrako"
Hollow Set Screw with the
Knurled Points . . . for the
Socket Head Cap Screw
with the Knurled Head
that gears right to the
fingers and saves assem-
bling time.

"Unbrako" Products are
available in a complete
range of sizes from nume.
ber 4 up. For free samples
and literature, write today.
KNURLING of Socket
Screws originated with
"UNBRAKO' years ago.

REG. U.S. PATY. OFFICE

SCREW
PRODUCTS

Box 596, JENKINTOWN, PENNA.
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Types G-16 and V-16

General Scientific Corp.

PHOTOTUBES, gas-filled (G-16) and
vacuum (V-16), cathode area % sq inch
(approx), seated height to center line

of cathode 145 inch, overall seated
height 1i¢ inch (approx), diameter
g inch, 3-pin base.

26

2

(<4 5

 j/inczg

P=3 Zwvg 4],000 5600 1?200

avzeﬁh Ang;edmms

Sensitivity

Gas-filled phototube = 63

pa/lumen

Vacuum phototube = 10

ua/lumen
Operating Voltage = 90 v
Types G-18T and V-18T
General Scientific Corp.
TwIN phototubes, gas-filled (G-18T)

and vacuum (V-18T), cathode area
0.25 sq inch (approx) each cathode,
overall seated height 2% inches (ap-
prox), diameter 1 inch (approx), sup-
plied without base.

Sensitivity gb V\
Gas-filled plototube = 63 34
pa/lumen 3 2 l W
Vacuum phototube = 10 % L7
pa/lumen E 2400 400 SHo0 120

Operating Voltage = 90 v Wavelength - Asgstroms

Blue Red

TESTED

Dr. Vincent Salmon, mathematical phys-
icist of the Jensen Radio Mig. Co.. at
Chicago. inspects a plaster paris model
of one of the Hypex horns which he has
developed. It is believed that this is
the first time that experimental horns
have been cast of plaster paris in this
manner

November 1941 — ELECTRONICS




D-C AMPLIFIER

l
I
(Continued from page 31) i
i

perfect regulation with respect to
line-voltage variations. The addi- ]
tion of the connection AA’ puts in
a forward-acting correction and per- |
fect regulation with respect to line-
voltage variations is possibie.

In order to consider the circuit
further, let us refer to Fig. 10. In
this figure the generator V repre- |
sents the line-voltage variation, the
generator e, represents the equiva-
lent generator of the 2A3, the sym-
bols ps and s, represent the voltage
gains of the amplifying stages in
the regulator, and the k’s represent
the fractions of the total voltages |
which are picked off on the potential
dividers. The output e, of px is |
proportional to the algebraic sum of
the three input signals. Using the
symbols defined in the figure, we
may write:

V—meg— E=0 ®)

Also,
eg = po kB +k E+4 kYY) (7
Then, on eliminating e, we find

__E__=_ 1 — sk (8)1
v 14 ps oo pio k4 s poo ks

Hence we obtain perfect regulation
for

1
ke = (9)
M3 M 20

Slight variations from the ideal in
values of k., ps, or s still leave a
very large stabilization ratio due to
the large factors in the denominator
of Eq. (8). Thus, errors in the for-
ward-acting portion of the regulator
are greatly reduced through a high-
gain feedback amplifier. The effect
is that the circuit parameters and
tube constants are not at all criti-
cal, and essentially perfect regula-
tion may be obtained over a wide
range.

Measurements on the regulator of
Fig. 2 gave the following results:

(1) Total a-c component of out-
put voltage is approximately 0.5
millivolt in 250 volts, or 2 parts in
a million,

(2) Variation of line voltage from
95 to 125 volts changes output by
less than 0.4 millivolt. This is suf-
ficient regulation to make the amp-
lifier independent of line fluctuations
over the range given.

(3) The output resistance of the
supply is a fraction of an ohm. l

SILVER o PLATINUM
PALLADIUM

HARD ALLOYS FOR CONTACTS

PRECIOUS METAL IN ALL FORMS AND ALLOYS FOR
RADIO, ELECTRICAL, AND CONTROL EQUIPMENT

Foil Strip Fine Wire
Discs Gauze Wollaston Wire
Contacts Tubing Thermocouple Wire

SILVER BRAZING ALLOYS—SOLDERS—FLUXES

*

The American Platinum Works

N. J. R. R. AVE. AT OLIVER ST.

Newark New Jersey

EST. 1876
WRITE DEPT. "L" FOR INFORMATION

SHEP FIELDS

popular band leader with his
charming vocalist, ANN PERRY

Brilliant!

‘Pecfected” compound, homoge and EVEMLY
applied to entire orea of the glass fram "
of center to 118" of outer edge, ¢ ces surface
noise te a minimum whils expaading fhe ronge o
frequency response.

The GOULD - MOODY 'Perfected

GLASS BASE

RECORDING DISC

UNCONDITIONALLY GUARANTEED
against ANY and ALL defects
{mechanically, chemically, ete. . . .)
as well as against breakage while

in transit.

Available in 12 and 16 inch sizes, with
one or fwo holes (center hole
only or center and drive-
pin holes), whichever
you prefer.

Aluminum blanks
may be recoated
at a nominal charge.
IMMEDIATE DELIVERIES OF e - g

ALL STUDIO ORDERS! Recording Blank Div.

THE GOULD-MOODY CO.

395 BROADWAY NEW YORK, N. Y.

ELECTRONICS — November 1941 105

www americanradiohistorv com



USE

ERSIN MULTICORE

— the solder wire with 3 cores of
non-corrosive Ersin Flux — now enables
U.S A. manufacturers to eliminate poor
soldering and corrosive joints.

Supplied in any al-
loy or gauge.
Avoids dry joints.

Speeds up produc-
tion.

Increases  electrical
efficiency of joints.

Reduces overall
soldering costs.

Three flux cores guarantee flux continuity.

Used by manufacturers making
electrical apparatus for R.A.F. Aircraft
Immediate delivery from U.S.A. Stock.

For technical information, samples and prices, apply:

U.S.A. Representative: M. H. Kelsey.
6604, Buckingham Place, CINCINNATI, OHIO.

Eastern Sales Agent & Warehouse—Ben Joseph, 258 Broadway, New York, N. Y.

FLUCTUATING
LINE VOLTAGE CUNSTANT
VOLTAGE =

1

4|

I 1
.

e |

$
sng er |

Whether it’s I VA for an instrument or 10 KVA

Ask For . " for a production line—here’s constant, stable voit.
age for you at all times, even though the line voltage varies as much a2

BULLETIN thirty percent,

DCVY.74 They are fully automatic and instantaneous in operation—have no moving
plarts—requlre no maintenance—and are self-protecting against short
circuit,

You can build a SOLA CONSTANT VOLTAGE TRANSFORMER Into your
product, or incorporate it in your production line or laboratory and know
that every test will be made under identical line conditions. Compact—
economical. Standard designs are available, or units can be butlt to your
special specifications.

SOLA ELECTRIC COMPANY, 2525 Clybourn Ave., Chicage, Iil.

S 0L A

(4) The regulator ceases to func-
tion at a line voltage of about 92
volts, under load of the amplifier.

It may be shown that the output
voltage V, of the regulator of Fig. 2
is very nearly given by

Vo= Er; (ltg — Ru) /R4 (10)
where E;; is the voltage across tube
T, and the resistors are those shown
in Fig, 2.

Fig. 10—Block diagram illustrating that
the use of a feedback amplifier reduces
variations in a regulated power supply

From this equation we see that
any variation in resistors R. and R,
or variations in the reference vol-
tage will appear directly in the out-
put. Advance wire resistances have
been used to minimize temperature
drift effects, and a resistance-ca-
pacitance filter R,.C, used to elimin-
ate the reference-tube noise-vol-
tages. When the regulator is first
put into operation it is necessary to
adjust R, for a minimum of output
hum; this operation will seldom need
to be repeated.

Interstage Coupling Circuit

Another important problem in the
design of this amplifier is that of

Fig. 11—A possible, but not too convenient
solution of coupling two stages of a d-c
amplifier, requiring a requlated supply

coupling the various stages in such
a manner as to permit operation
from a single 250-volt plate source.
To get the net overall gain required,
still maintaining a large feedback
factor, it was necessary to have a
gain without feedback of about one
million. This required gain, to-
gether with the requirement of a
voltage output sufficiently large to
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‘at ill , make direct |

JONES 500 SERIES | o000l e question
0 ible solution is the use

PLUGS and SOCKETS | .: t}?z cIi)l(-)cSS;t shc?\(zz;] in Fig. 11. The
— — basis of this scheme is making the

\ R, voltage-drop approximately

-

PRODUCTS

equal to the platedrop of T, thus ob- FOR

AIRCRAFT
SOUND and other
POWER SUPPLY USES -

taining the proper grid-bias for T..
The transmission index of this coup-
ling system is R./(R, + R.); there-
fore it is necessary to make R, large
compared to R, in order to prevent
excessive loss of gain, In order to
make R. large compared to B, and at
the same time make the R., drop
equal to the voltage drop across T,
it is necessary that the negative
voltage E. be large compared to the
drop across T.. This is generally in-
convenient, particularly as it is |
necessary for E. to be regulated.
Mr. E. L. Norton of the Bell Tele-
phone Laboratories pointed out to
Polarized to prevent incorrect connec- the writer that the resistance R
tions. Easy to wire. Sizes: 2, 4, 6,8, |0 could be replaced by a cold-cathode
and 12 contacts. Thousands of uses. glow-tube, but at first glance it ap-
Write for Bulletin 500 today. peared doubtful whether much would
be guined since the minimum recom-

HOWARD B. .'ONES | mended current for these tubes is
2300 WABANSIA AVENUE, around one milliampere. For a mil-
CHICAGO TRRIN[e]y liampere of current through R, hav-

ing a resistance of one-half megohm,
E. would have to be about 500 volts.

SFY . | The point which is seldom realized
'an,l.on‘s is that the cold-cathode glow-tube
Ch(“ce : will function as a constant-voltage
lor device for currents as small as 10

s i | or 20 microamperes. This permits
Slnllon g ; the use of a resistor for E. as large
' 1 as 1 or 2 megohms, with an E., of
‘ onlv 30 or 40 volts. \

As actually used in this amplifier
design the coupling circuit has been |

é contact
Plug and
Socket

5000 volts and 25 amperes. Fulfills every
electrical and mechanical requirement.

Eng
managers are overly-
pleased with the ex-
ceptional high effi-

] d | in- o . tro, € Lokt motor ! e
B ook ok G:;o | altered as shown in Fig. 12. The ,moll\\lohiﬂ‘:?:.mw“
q . . . faiing 5¢
Ra‘?lahrt:“gnesi?hon' drop across R, is made up in the ‘;’;T,q\;.,eu.
writes: e signa . . . .
locelly with only 100 cathode circuit as is conventionally

watts power, compares
favorably with & 500
watts power station in
the same city!"

done in resistance-capacitance cou-
pled amplifiers. In fact, when the
circuit is drawn in this form it is |
possible to view the gas tube as a

(] blocking condenser which functions
One of the tallest right down to direct current. The | l i
iat thi . . . 0 . e e
fj:ﬁ’e"if,’fhe"{“,,d‘? transmission index of this circuit is 1 S !
415 ft. Lingo Re- . ¥ S P ) g |
o Bt fetes T | very ngal l}f' unity, and by a proper D Y R A o 0 5 l
WIBW, Topeka, alteration it may be made to func- sord a dEPOTE
Kansas. . . = pynamoto areral , rnnn oo
|t10n over almost any desired fre- | | e weply fof L e, @e BRG]
quency band l - proadeost ! ; requlalt RO
‘ . ext efficien® Thyg volts tput i
Z‘% wotts. tnput 4 {
750 volts ‘

Other Circuit Features

; ; Write or Wire for In[orn}ation ; -
PIONEER GEN-E-MOTOR-CORPORATION i
CHICAGO, ILLINOIS G
Export Address: 25 Warren 5t,, N. Y., N. Y. |
Cable: Simontrice, New York ’ {

i The first and second stages of the
| amplifier (Fig. 1) are of the cath-
ode-control type, and have already
been discussed. The selector switch |
JOHN E. LINGO & SON; INC., CAMDEN; N. f. in the cathode of T, is the

ELECTRONICS — November 1941 ' 107

www americanradiohistorv com



* For certain NATIONAL DEFENSE purposes,
Clarostat makes these multiple-section con-
trols even up to 18 wire-wound potentio-
meters connected in tandem! Also the most
intricate tapered and noiched and tapped
windings which only its unique winding
machines, plus 20 yearas of outstanding
winding experience, can produce.

Potentiometers, rheostats, attenuators,
power resistors, power rheostats, glass-
insulated ilexible resistors, precision re-
sistors, carbon-element controls, ballasts—
these and other types are available to
you, standard or special, one or a million.

% Submit that Problem...

If it has to do with control or resistance,
send it along for engineering collabora-
tion, specifications, quotations. Engineering
literature on requesi.

CLAROSTAT

MANUFAUCTIRING T,
=il

203 Norih Ni
IEra

108

gain control. The third stage, which
employs Ty, T, and Ths, is a form of
direct-coupled voltage amplifier. The
tube T is used to obtain a low-
impedance 40-volt drop in the cath-
ode of T..; the effective resistance
R., between the cathode of T and
ground is
) Fu/g
]\ eq = m (11)
where g is the transconductance of
T,.. In this manner the voltage
across R, can be made 40 volts with
R., = 400 ohms, and using a current
of only a few milliamperes. To get
a similar voltage-drop using a vol-
tage divider would of course require
100 milliamperes of current.
The output stage employing T
and T, is balanced in a forward-

L

Fig. 12—By replacing the resistor, R. of Fig.

11 by a gaseous discharge tube, improved

operation of the d-c amplifier is possible
using a single voltage supply

acting manner through R, and R,
and errors in resistance values and
differences in tube constants are re-
duced through the degeneration
caused by R, and R,. The resistance
R, is used to obtain the proper d-c
bias on T, Using resistances with
=+10 percent tolerance for R, R,
and R,, and resistances with =2 per-
cent tolerance for Ri,, Ry, R, and
R,. the output stage is Dbalanced
within 2 percent. The switch in the
cathode circuit of Ty and T, is used
to connect an external current load
in either of the two possible phases,
or to connect an internal current
meter into the circuit for the pur-
pose of lining up the amplifier.

Construction

Due care in construction is abso-
lutely essential in an amplifier of
this type. It should be remembered
that the maximum effective gain of
the instrument is over 100 db, and
that the output is a function of both
a-c and d-c¢ signals. Thus it is necés-
sary to shield low-level leads ade-
quately, to provide good ventilation,

with LITTELFUSE
MERCURY SWITCH

TaHT 1m GLOVE
COMPARTANENT.

Quick, dependable
switch for
hundreds of uses

Note in cutaway,
baffle at end of elec-

trode. Prevents

splashing of mercury.

Keeps light flicker-

free. Central posi- Sectional view showing
tion of electrode Littelfuse  anti-splash
makes it instantly baffle.

operative in any po-

sition. For low-voltage circuits up to 25 AC
or DC, up to 10 amps. at & volts, and 5
amps. at 25 volts. For lights, in auto glove
compartments, trunk, hood—radio, refriger-
ator door lights, pin games—many and varied
services.

FUSE POSTS

Types covering all

':\llo.t I?Jnd for ? AG fuses. requirements of
eots Underwriter’s require .

ments.  Tool and finger small fuse ap‘pllca.

operated types, tions and instru-

ments. Many types

are standard and stocked. Specials quickly
designed. Covers range from small glow fuses
to industrial fuses up to 30 amps. Write for
catlog

LITTELFUJSE INC.

4755 RAVERSWOOD AYE CHICAGO,

Low Ripple?"

Infinite care in selecting
armature steel and brush
materials; in winding, con-
necting and insulating; in
air-gap spacing and line-
up; in setting spring ten-
sion and holding bearing
tolerances — that's how
Eicor eliminates objection-

able A.C. ripple.
In every Eicor Dynamotor,

such important details are
a part of the “specs."

Eicor

EICOR, Ine., 1050 W. Adoms 51, Chicogo, UL5.A.

Eapast: Ad Rariame, 89 Brood 5., Maw Tork
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and to use low-temperature-coeffi- |
cient resistors at points where small

variations in resistance values will

cause noticeable amplifier drift.

There are few points in this circuit |
where the tolerance on resistance

values need be less than ==10 per- |
cent, but there are numerous points

where small variations in resistance I
during operation of the instrument ‘
will cause noticeable zero drift. In

particular, it was found necessary

to use Advance-wire resistances for |
the following: Rs, Ru, R, R, Ea,
Rm, Rzn R;s, R;e, Rn, Rm. Tubes Ts
and T, were mounted on sponge-
rubber cushions to eliminate micro-
phonic effects.

In closing, the writer would like
tc express his sincere appreciation
for the many helpful suggestions
and criticisms given by Professor
Truman S. Gray of M.LT. and Mr.
E. L. Norton of the Bell Telephone
Laboratories, Inc.

REFEREXNCES

(1.) Black, L. J. and Scott. H. J.. "A
Direct-Current and Audio Frequency Ampli-
fier”, Proc. I.R.E. v 28 n 6, June 1940,

(2.) Goldberg, Harold, “A High Gain D-C |
Amplifier for Bio-clectric Recording”, Electri- |
cal FEngineering v 59, n 1, Jan. 1944,

(3.) Landon, V. D., ~Distribution of Am- |
plitude with Time in Flnctuation Noise”,
Proc. I.R.E. v 29, n 2 pp 50-55, Feb. 1941, |

Editor’s Note—This article by Mr. Miller s |
an abridgement of a thesiy submitted in
partial fulfillment of the reguirements for the
degrees of Master of Science and Bachelor of
Science in the Electrical Engineering De-
partment of the Massachusetts Institute of
Technology. We believe it well illustrates
the point tkat a student need not necessarily
be engaged in industry to make useful con-
tributions in hix chosen field. ‘

PHILIPPINE ARMY
PRACTICE

Sergeant Juan Pablo of the Philippine
26th Cavalary Regiment puts up his |
sub-machine gun to man a telegraph
key at the United States naval base of
Olangapo, north of Manila |
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Jhe Latest in RELAYS ﬁes:’gned; Epfﬂb.@-—

for ELECTRONIC

canee

RUNNING TIME METERS

and

TIME DELAY RELAYS

are the choice of leading Radio Equipment Manufacturers and Radio
Technicians, because of their Reliobility, Appearance and small space
required for installation. Write and ask us about these and other
low cost Relays today.

RUNNING TIME METERS
Designed to automatically and cumula-
tively register total operating time, or
idle time of any circuit, machine or sys-
tem. Obtainable in minutes or hours.
W rite for Bulletin No. F-1

TIME DELAY RELAYS
Designed for use on alternat-
ing current circuit to supply
an adjustable or fixed time
delay between the closing
of one circuit and the
closing or opening of a
second circuit.

Write for Bulletin No. F-2

RW. CRAMER COMPANY Juc
CENTERBROOK CONNECTICUT

PATCH CORDS—
JACK PANELS

PATCH CORDS — PLUGS

These cords and plugs are built to take
abuse. Cords are heavy, reenforced at
ends. Unique construction of plugs not
only makes cords easily replaceable, but
provides for the ruggedness which is so
necessary. They will {it any standard
jack panels. Standard color, black.

Type Cord Length Price Type Cord Length Price

PJ-11 1 ft. List $5.40 ea. PJ-15 5 ft. List $6.00 ea.

PJ-12 2 ft. List 5.50 ea. PJ-10 10 f4. List 6.75 ea.

PJ-13 3 f+. List 5.65 ea. PJ-1 Plug only List 2.25 ea.
—— — *

These panels have standard jack spacing for use with any double plug. Mounting holes
fit all standard jacks. Pairs are so spaced that plug cannot be inserted incorrectly.
Panels are of solid laminated Phenolic. Slotted brackets for mounting. Fit standard
19" relay rack. Improved designation strip included. Panel width: double row (48 jacks)
21%4": Single row (24 jacks) 134",

PJ-31, as illustrated—-$5.45 PJ-33, single row-—-$4.75
PJ-31 panel with 48 PJ-118 jacks (normal contact) assembled—$29.20
REPRESENTATIVES

NEW YORK CITY................ Bruce 0. Burlingame, 69 Murray Street

HOLLYWOOD, CALIFORNIA...... Norman B. Neely, 5334 Hollywood Blvd.

DALLAS, AS ..Edward F. Aymond Co., 3750 Urban Avenue

CAN walter P. Downs, Ltd., 2313 St. Catherine St. W. Montreal, Quebec.

AUDIO DEVELOPMENT CO. ULREesls hinn:
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~ NOW MORE THAN EVER
w2 ATTENTION COUNTS

iy

For 2,200,000,000 “Breaks”
Bendix - Scintilla chooses Aeralloy

In a Bendix-Scintilla aircraft
magneto, a pair of contact
points must make and break 4
amps at 180 volts 2,200,000,000
times—as a minimum.

A tough job? Certainly. But
Bendix-Scintilla finds the an-
swer in Wilco Aeralloy—and

just as Wilco Contact Alloys
solve electrical problems so too,
do Wilco Thermometals (ther-
mostatic bi-metals) control tem-
perature or give unfailing posi-
tive reaction to temperature
changes. Write today for the
Wilco Blue Book.

the H. A.WILSON CO.

105 CHESTNUT ST., NEWARK, N. J.

Branches: Chicago and Detroit

- Premax Antennas

For Defense and Communications Service

Strong yet light-weight antennas, fully adjustable and
| | telescoping, meet the requirements for ship-to-shore, marine,
mobile, police and other uses. They are used by defensive
units wherever good two-way communication is essential.

MONEL ALUMINUM STEEL

Send for special Bulletin No. R-42 showing standard
styles of antennas and mountings.

Division of
[P emax roducts R
gara Falls, New York

SHEETS, RODS, TUBES, FABRICATED PARTS

NewRadiographic
Unit Aids Industry

(Continued from page 37)

The photograph of the x-ray unit
in the laboratory shows a general
view of the device in the GE labor-
atory as it is used in actual opera-
tion for the examination of large
castings. By means of the overhead
crane, the tube is placed in position
so as to irradiate that section of the
casting which is to be examined.
The x-ray film is placed in contact
with the casting immedjately below
the target of the tube so as to make
a contact print of any defects or ir-
regularities in the composition of
the casting. If welds are to be ex-
amined, the film is placed below the
weld so that air pockets or other
imperfections may be detected. Of
course the x-ray film must be pro-
tected from light since it is also
sensitive to radiations in the visible
spectrum, as is practically all photo-
graphic film.

With the film appropriately af-
fixed in position, the technicians op-
erate the unit by remote control
from a lead-lined operating room
which houses the control equipment.
The voltage and current are grad-
ually brought up to the desired
values and are maintained until the
desired exposure has been given.
The thickness and composition
(density) of the material to be ex-
amined determine the voltage and
current at which the radiographs
are to be made as well as the time of
exposure. The accompanying graph
will indicate suitable exposure condi-
tions as determined by one user of
this equipment. The graph will also
serve to indicate the relative place
of the new x-ray unit with respect
to older and lower-voltage radio-
graphic units for industrial pur-
poses, while for completeness some
measured and calculated values of
exposures with various amounts of
radium are also indicated. Not only
does the newer unit make possible

° it the examination of castings and

TAYLOR FIBRE COMPANY - welds which are very much beyond

Norristown, Pennsyivania ?3*5 the range of 200 kv and 400 kv

= units, but it greatly decreases the

time of exposure required, and by so
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ANUFACTURERS, exclusively, of
quality magnetic cores for all
radio, electrical and high frequency
uses—comply with the most rigid Na-
tional Defense specifications: for high
“@”, high resistance, and rust-proofing
against extreme climatic conditions of
temperature, humidity and salt air mois-
ture. Submit your R.F. or LF. coil prob-
lems for our engineering collaboration.
Samples, quotations, specifications sub-
mitted.

FERROCART CORP. OF AMERICA

Plant and Laboratory
Hastings-on-Hudson, N. Y.
Chicago: 149 W. Ohio St. Tel: Whitehall 7620
Los Angeles: 1341 S. Hope St. Tet: Richmond 9121
“‘Doing Our Bit to Keep 'Em Flying”

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

Paper interlayer sections—form wound
and bobbin wound coils.

Equipped for prompt production
on quantity or small orders.

REPRESENTATIVES
W. A. JORDAN PARAGON SALES CO.
295 Madison Ave., (
New York, N. Y. g
Philadelphia, Pa.
GILBERT GISLASON A. ). LOEB SALES CO.
82 St. Pau! St., 1836 Euclid Ave.,
Rochester, N. Y. Cleveland, Ohio

MAGNETIC WINDINGS COMPANY

Sixteenth and Butler Streets EASTON, PENNA.

doing opens up a field of application
: for the radiographic examination of
industrial materials.

The construction of the new unit
is indicated in one of the drawings.
| The tube, illustrated in another pho-
‘tograph, is concentrically mounted
in the resonance transformer, whose
secondary winding is tapped at in-
tervals to apply appropriate voltages
to the sections of the tube to limit
the voliage gradients between the
various sections. The transformer
also provides power to heat the fila-
ment. The construction of the radio-
graphic unit can be determined from
the sectioned drawing and the sche-
matic wiring diagram, which has
been somewhat simplified to indicate
more clearly the function of the
various parts of the circuit.

With the availability of x-ray
equipment- of higher voltage than
has heretofore been commercially
available, new avenues of industrial
research and increased use of rou-
tine radiographic investigations
are now possible, both of which are
of extreme importance in these days
of “all-out” defense activities. Units
such as that illustrated are now in
use by Babcock and Wilcox, Com-
bustion Engineering, Ford Motor
Co., and the General Electric Co. for
the inspection of castings up to 6
inches thick, of boiler drums, pres-
sure vessels, and of course, for weld
uniformity. The American Steel
Foundry Co. will shortly place one
in operation, and additional units are
scheduled for operation in two Navy
yvards and possibly also in one
arsenal.

Speed of operating the flexible,
convenient, portable unit, speed of
making the individual exposures be-
cause of the high voltage, and the
production of sharper images
through the use of the focusing
coil are all important factors in ex-
tending the possibilities of indus-
trial radiographic examination. It
should be pointed out, however, that
the design and use of million volt
equipment, such as is illustrated here
has, by no means, replaced the lower
voltage 100 and 200-kv units which
have given excellent service in the
past. Such units will continue to
| play an important part in the future

for certain kinds of industrial
radiographic work; their usefulness
will be supplemented, and not sup-
planted, by the million-volt equip-
ment.—B.D.
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VIBRATORS
“for DEFENSE!!"

VIBRATOR For use posy ag
- rrrs, e A LEd D0 Oppegyy

7 wreo.c e,
Bl ;.- veecrons e

PROVEN UNITS
of the

HIGHEST QUALITY

Engineered to perfection, ATR Vibrators
set high standards of performance and
construction. Available for any operat-
ing input voltage from 6 volts DC to
220 volts DC in a wide variety of de-
signs for practically any application.

In addition to the most complete
line of vibrators, ATR offers a very
extensive line ot Inverters and
other Vibrator-Operated Power Sup-
plies for changing one DC voltage
to another DC voltage or to invert
DC to AC

ATR vibrators, the heart of vibrator-
operated power supplies, are proven
units of the highest quality, engineered
to perfection. They are backed by
more than ten years of vibrator design
and research, development and manu-
facturing—ATR  pioneered in the
vibrator field. American Television &
Radio Co. has consistently devoted its
efforts and energies to the perfection
and production of vibrators and asso-
ciated equipment, and today, after
ten years of painstaking, persistent and
diligent work resulting in steady de-
velopment and progress, is considered
the World's leader in its field. All ATR
Products incorporate only the best
materials and workmanship and are
carefully manufactured under rigid
engineering inspections and tests,
making them the finest that can be
built.

For Additional Information
Address ATR Vibrator Division of

AMERICAN TELEVISION & RADIO CO.

ST. PAUL, MINN., US.A.
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THE INDUSTRY IN REVIEW

News

4+ Metallic selenium of the absolute
purity which is required in electric
current rectifiers is now being refined
in the United States in commercial
quantities to meet the requirements of
the International Telephone & Radio
Manufacturing Corp. for the manu-
facture of IT&T selenium rectifiers.
George Lewis, vice president of the In-
ternational Telephone & Radio Manu-
facturing Corp., estimates that the re-
quirements of ultra-refined selenium
may be 10,000 pounds monthly next
year compared with only 1,500 pounds
monthly at present. Selenium is
found chiefly in copper ore and years
ago it was tossed on the slag pile. In-
asmuch as the United States and
Canada together normally produce
more copper than the rest of the world
combined, Mr. Lewis says that selen-
ium is one metal of which a shortage
seems unlikely in spite of its rapidly
growing importance in the electrical
industry.

4+ Dr. Jesse E. Hobson, who was named
America’s outstanding young electrical
engineer for 1940, was recently named
director of the electrical engineering
department of the Illinois Institute of
Technology at Chicago. Dr. Hobson is
only 30 years of age and has been
in charge of application engineering on
electric power equipment for the West-
inghouse Electric & Manufacturing
Company in the northwestern district.
He has taught at the California In-
stitute of Technology, Earlham College
and Armour Institute of Technology.

Further indications of the f-m
audience came to light with the cal-
culation of figures from manufacturers
of f-m receivers, covering their actual
sales of sets during August. The sur-
vey, conducted by FM Broadcasters,
Inc. reports a national total increase of
47.6 percent during August.

4+ The Amplifier Company of America,
New York, has recently increased its
factory space at 17 West 20th Street.
The enlarged facilities for manufactur-
ing transformers, electronic equipment
and similar devices was made neces-
sary as the result of increased require-
ments in industry as well as for na-
tional defense program. ... To sup-
ply a new present-day business need
and one which will be increasingly im-
portant in the post-war world, Tele-
cast Productions, Inc., has recently been
organized at 30 Rockefeller Plaza, New
York, according to Myron Zobel, its
president. Telecast Productions is de-
signed to render a personal service to
agencies and advertisers by producing
“packaged” television programs for
commercial sponsors.
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+ Heintz & Kaufman announce the
sale of their compressed gas condenser
business to the Lapp Insulator Com-
pany, LeRoy, N. Y. This transaction
involved the transfer of all tools, dies,
patterns, designs, and stock of parts.
Due to the pressure of national de-
fense, all communications regarding
H. & K. condensers should be directed
to Lapp. Heintz & Kaufman is devot-
ing its entire energy to the manufac-
ture of transmitting tubes . . . J. S.
Knowlson, president and chairman of
the board of Stewart-Warner Corp.
and since June 1940, president of
RMA, was recently named OPM
deputy director of priorities and chief
aide to Donald M. Nelson director of
priorities The board of directors
of the Radio Manufacturers Associa-
tion elected Paul C. Galvin president
of their Association on Oectober 15 to
assume the position vacated by James
S. Knowlson, who recently resigned to
take on OPM activities. Mr. Galvin,
president of Motorola Radio, was for-
merly vice president of the RMA and
is present chairman of the Associa-
tion’s Set Division and also chairman
of the Association’s Priorities Com-
mittee. Mr. Galvin will continue to
direct the affairs of his company, the
Galvin Manufacturing Corp., Chicago
Television played a part in
broadcasting a fire prevention week
film for the first time when the Na-
tional Broadcasting Company went
with mobile units to Newark on Oct-
ober 10 to put on the air a demonstra-
tion of modern methods of fire fighting.
The demonstration, sponsored by the
Newark Safety Council as part of its
fire prevention week activities was
held on the proving grounds of the
Pyrene Manufacturing Company and
the CO, Fire Equipment Company.

4+ George W. Bailev, president of the
American Radio Relay League, has
been appointed to the defense communi-
cations board committee XII on liaison
matters for civilian defense . . . The
radio division of Stevens College, Co-
lumbia, Mo. will tune in on national
defense this year with programs
plannned to make definite contributions
to various phases of the government’s
emergency program, president James
Madison Wood announced at the open-
ing of the institution’s 108th year.
. . . Lawrence Freed of the Freed
Transformer Company, 72 Spring
Street. New York City, has recently
announced the appointment of Mr.
Stanley K. Wallace of Lutz, Fla. as
representative in the States of Georgia,
Florida and Alabama.

4+1. J. Fox, a fur organization, has
signed up with WOR to broadcast a
conrert of recorded light classics “Un-
broken Melodies” on station WT7INY.

4+ Dr. H. A. Jones has been named
manager of sales of General Electric
electronic tubes for non-radio applica-
tion in industry, according to an an-
nouncement by Dr. W. R. G. Baker,
manager of the radio and television de-
partment. The GE industrial tube di-
vision has been transferred from the
special products section of the indus-
trial department to the radio and tele-
vision department. Dr. Jones, a native
of Conshohocken, Pa. was graduated
from Pennsylvania State College in
1918 with a Bachelor of Science degree,
and from Princeton in 1922 with a
Doctor of Philosophy degree. He joined
the General Electric Company, Sche-
nectady Works, in April 1922 as a
chemist in the research laboratories
and in 1928 was transferred to the
commercial general section, selling
special products developed in GE lab-
oratories for use throughout the in-
dustry. The following year Dr. Jones
was named manager of the special
products section which in 1930 was
made part of the industrial depart-
ment. Dr. Jones assumed his new
duties on October 1. The Keystone Car-
bon Company has just completed a
large addition to its factory in St.
Marys, Pa. ... According to an an-
nouncement from the British Broad-
casting Corporation, Mr. Lindsay Well-
ington has been appointed North Amer-
ican Director, with headquarters at
620 Fifth Avenue, New York. Mr.
Wellington, one of the senior officials
in the broadcasting organization in
Great Britain, has already arrived in
this country to take up his duties among
which will be the maintenance of the
BBC’s relations with the Canadian
Broadcasting Corporation. ... Wil-
liam Kostka, publicity director of the
National Broadcasting Company, has
resigned effective September 26 to ac-
cept a position with the Institute of
Public Relations.

4+ My. Earl Dietrich has resigned his
position as manager of replacement
tube division with the Raytheon Pro-
duction Corporation. He will be suc-
ceeded by A. E. Akeroyd, formerly as-
sistant manager of the replacement
tube division of the company.

4+ The Recoton Corporation have re-
cently moved to newer and larger quar-
ters at 21-10 49th Avenue, Long Island
City, N. Y. . . . The Southeastern Dis-
triet meeting of the American Institute
of Electrical Engineers will be held on
December 3, 4 and 5 at the St. Charles
Hotel, in New Orleans, where the Louis-
iana Engineering Society maintains its
club rooms and library. James M. Todd,
general chairman, is arranging the tech-
nical program and visits to the various
industrial plants in that area.
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Literature

Plastic Molding. An article on plastic 404 W, J. 4. —

molding is the lead in the August, 1941
issue of Wheelco Comments. This is 7!1 M Z !

a new bulletin published by the Wheel- 75
co Instrument Company, Wheelco |
Building, Harrison & Peoria Streets,
Chicago, Ill. Announced in this issue {
of Wheelco Comments is a data book
and catalog on items of interest to
users of thermocouples.

Temperature Control. A 32-page book
and catalog on Wheelco instruments,
published by the Wheelco Instrument
Company, Harrison & Peoria Streets,
Chicago, IIl. contains a listing of the
various types of Wheelco instruments
which are available on order. This
condensed catalog describes tempera-
ture control units, portable potentio-
meters, recording thermometers, ther-
mocouples, and similar equipment for
the measurement of high temperatures.

Loudspeakers. Several bulletins have Our new model 75 U.H.F. Standard Signal Generator
%esgﬁ)tl%\{;’fs;’acéﬁ?ﬁg Ié};m;};iyzlegzgrll extends the range of accurate receiver measurements up
South Laramie Avenue, Chicago, Il to 400 megacycles.

All of these describe the new Jensen
Hypex loudspeakers which were de-
seribed in the July issue of ELEC- )

TRONICS. One of the bulletins which is MEASUREMENTSﬁ CORPORATION
available is a reprint of that article. ﬁ\

A condensed catalog of .vario‘us types BOONTON ui NEW JERSEY
of Jensen loudspeakers is also avail-
able.

Glycerin Facts. Issued by the Glycerin
Producers Association, Glycerin Facts
is a mimeographed folder edited by
George E. Leffingwell, 11 West 42nd
Street, New York and describes a num-
ber of interesting uses of glycerin. In
the September issue is a report on the
new sulfonamide glycerin preparation
for burns, a review of diversified low
temperature uses of glycerin, and a
variety of other items of practical
value in and about industrial plants
and office buildings.

19 T T R N P A S N

for INSTRUMENT DRIVES

For driving indicating and recording instruments S. S. WHITE
Flexible Shafts of the Power Drive type are ideally suited.
They permit placing the instrument where it can be readily seen
and read, regardless of the location of the point from which the

T T,
[T =g iy

Flexible Lacquer. A booklet entitled
“The Blue Knight” which is an effort
to provide entertainment and facts
about finishes is published by the
Roxalin Flexible Lacquer Company,
Elizabeth, N. J. The September issue
contains one of a series of articles
written to give users of government
specification materials a more complete
understanding of the general physical
properties of such lacquers.

drive originates. And they do this with a single, self-contained,
easily applied unit. The record of S. S. WHITE shafts in driving
automobile speedometers and airplane tachometers is ample
proof of their dependability in instrument driving service.

A TYPICAL EXAMPLE & i3 &

The tachometer in the illustration at
the right, driven by an S, S, WHITE
Power Drive type Flexible Shaft, records
production on a high speed newspaper
press turning out 40,000 papers per hour.
Other applications include counting
and measuring instruments with dials
calibrated to translate r.p.m. into de-
sired units of speed, length or quantity.

Machine Tools. A bulletin entitled
“Machine Tools” published by the Na-
tional Machine Tool Builders Associa-
tion of Cleveland, Ohio contains a num-
ber of articles on defense problems in

I oo T YOUR SERVICE o | Details in Bulletins 38 and 1238

i i shaft exserts for working . .
its September LD Among the ar- gutd ;ctulalxl applications. Cop:es mailed on requesf.
en etails.

ticles may be mentioned those entitled

300,000 New Machine Tools for De-
fense, Machining Shells by the Mil- s s w “ ! T E
lion, and Tools and Skill Build Top L) s

of Defense. The magazine is devoted The S. S. White Dental Mig. Co.

to the industry’s part in the national :NDUSTRIAL DlVISION

defense prograni. Department E, 10 East 40th St., New York, N. Y.
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Test Equipment. A new 16-page cata-
log is available from the Precision Ap-
paratus Company, 647 Kent Avenue,
Brooklyn, N. Y. This catalog de-
seribes radio, television, electrical, in-
dustrial, and laboratory test and
measuring equipment which will be of
interest to the engineer as well as to
the serviceman. Instruments  de-
seribed include voltmeters, oscillators,

1312 m ﬂ :_%. tube test devices, voltmeters, ammeters
1. F. TRANSFORMERS ’ and similar units.
1%" SQ. x 2" HIGH ¥

i

Transformer Replacement. The Thor-
darson Electric Manufacturing Com-
pany, 500 West Huron Street, Chicago,
has recently issued a new book of trans-

e
h Y i

former replacements for more than
400 receivers. This data is given in
Thordarson’s new edition of the Re-
placement Encyclopedia, No. 352-F. A
special feature of the encyclopedia is
the addition of electrical and physical
characteristics of recommended re-
placement types listed in the book.

No. 320 R.F. COILS 14" SQ. x 2" HIGH

* BROADCAST BAND COILS

* LONG WAVE BAND COILS (AIRCRAFT)

* SHORT WAVE COILS (MARINE & AIRCRAFT)
* PERMEABILITY TUNED TRANSFORMERS

* FIXED-TUNED PLUG-IN COILS

J. W. MILLER CO.

Send for Catalog 5917 SOUTH MAIN ST. LOS ANGELES, CALIF.

Precision Bearings. Radial, pivot and
special bearings in miniature precision
sizes are described in catalog No. 41 of
Miniature Precision Bearings, Keene,
N. H. The bearings described are of-
fered primarily for use in fine mechan-
isms and precision instruments whose
prices must necessarily conform to a
predominant consideration of accuracy
and quality throughout. Examples of
the use of these bearings occur in mo-
tion picture mechanisms, laboratory
test equipment, for engines, ordnance
and the like, motors, generators, radio
equipment, recording equipment and
so on. Special bearings suitable for
uses in watches have been designed.

No. 761 R.F. COILS
14" DIA.x 24" HIGH

Welding Equipment. A technical and
reference bulletin, No. F-41, covering
the complete line of the resistance
- | welder heat control, synchronizers and
! | synchronous timings, as well as its line
of power and control units for welding
equipment and machinery has been
issued by the Weltronic Corp., 3080
East Outer Drive, Detroit. In addition
to descriptions of the individual units,
the bulletin also contains general tech-
nical material dealing with the appli-
cation of welding control. Described
in Weltronic bulletins are several new
resistance welding control develop-
ments including an automatic prese-
lective heat rise control as well as a
control providing automatic regulation
for heat electrodes on multiple elec-
trode welding machines.

Varfing Inpit: Vattage
95-130 VOLTS

INSTANTANEOUS ACTION NO MOVING PARTS

When & precision electrical device or a critical process is powered from
an AC line, 8 Raytheon Voltage Stabilizer will permanently eliminate

all of the detrimental effects caused by ‘AC line voltage Auctuations.
Made for all commercial voltages and frequencies, single or three phase.

. h 1) » » »
Raytheon's twelve years of experience in successfully applying the Neoprene. The Neoprene Notebook, 31,

issued for September and October 1941
contains a number of articles illustrat-
ing the uses of Neoprene in industrial
applications.

Stabilizer to hundreds of perplexing voltage Auctuation problems is at
your service. It will pay you to take advantage of our engineering skill.

Wirite for Bulletin DL48-71'JE describing Raytheon Stabilizers.

RAYTHEON MANUFACTURING CO.
100 Willow Street, WALTHAM, Massachusetts

Precision Equipment. High quality
precision signal generators and as-
sociated apparatus are covered in the
general catalogue of the Ferris Instru-
ment Corporation, Boonton, N. J.
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THE RELAY
FOR BUILDING-IN

ONLY ONE MOVING
PART—NO AC HUM OR
CHATTER—DIRT OR COR-

ROSION CAN'T STOP IT.

Tested
operotions withovt a
breokdown, this wvnit is
listed under the Re-exom-
ination Service of the
Underwriters' Loborotor-
ies, Inc. Write for tech-
nical information. Ask for
bulletin B; no obligation.

H-B ELECTRIC CO., INc.

to 10 million

Moruloctyrers -:I'M Electrical Devices
2500 NO. BROAD ST., PHILADELPHIA, PA.

e To Serve Well the
Professional Radioman

"REPUTATION |

for

| RESULTS

The records of hundreds of CREI Students
throughout the commercial and manufac-
turing fields, who today hold positions of
importance, are proof of the high standards
and thoroughness of CREI technical train-
ing in Practicali Radio Engineering.

The success of an educational institution is
not marked by dollars and cents . . . but by
the achievements and results enjoyed by its
students.

The remarkable achievements made by CREI
men in every branch of radio are convincing
testimony that our efforts, properly confined
to this one important course in Practical Radio
Engineering, have been of real value to radio
in the training of better engineers, The fact
that more than 5000 professional radiomen are
enrolled for CREI training to increase their
ability proves the point.

Alert chief engineers are guick to recognize
the value of CREI technical training and the
important part it plays in increasing the effi-
ciency of their own personnel. CREI-trained
men are the ones to whom added responsibili«
ties and added technical duties can be rete-
gated.

We, at CREIL, are proud to add our contribu-
tion to the radio industry by training men who
are equipped to fulfill your demands. The rec-
ommendation of our home study courses to
vour associates is a step in the right directlon
for them and for you. May we send you our
interesting booklet and pertinent facts?

“Since 19277

CAPITOL RADIO

ENGINEERING INSTITUTE
E. H. Rietzke, President
Dept. E-11, 3224 16th St., N.W.
Washington, D. C.

Motors. The September 1941 issue of
the Bodine Motorgram published by the
Bodine Electric Company, Chicago con-
tains an article on the use of motors in
controlling traffic and a semi-technical
story on reversing fractional horse-
power motors.

Mycalex. A 12-page booklet entitled
“Myecalex” is available from the Gen-
eral Electric Company. This booklet
describes the general characteristics
of Myecalex, its important properties,
methods of molding Mycalex, the var-
ious commercial grades of this type of
insulation which are available, and
gives a complete full page table of the
comparisons of Mpyecalex, porcelain,
quartz and molded compounds.
Another booklet which is very well
illustrated with a number of colored
prints is entitled “One Plastic Avenue”
and describes some of the uses of
the various types of plastics made by
the General Electric Company. Some
of the best methods of using plastic
as well as operations involved in
fabrication are also outlined.

Carboloy Manual. A working manual
covering the design of carbide tools,
brazing, grinding, application, tool con-
trol, lubrication and so on has been
brought cut by the Carboloy Company,
Detroit. The primary purpose of the
manual (ET-133) is to assist defense
industries. To speed instruction of new
operators, to facilitate defense de-
signs, brazing, heat and maintenance
of carbide tools by new organizations
is the purpose for which the manual
has been prepared. For small manu-
facturers desirous of producing their
own tools the manual provides complete
instructions on parts brazing tech-
nique, materials and equipment., There
are complete charts of recommended
speeds, feeds, tool angles and depths
of cuts for various material both fer-
rous and non-ferrous. In addition to a
valuable list of new ‘“do’s and don’ts”
for carbide tools, there are provided
sketches of handling equipment found
valuable in preventing accidental dam-
age to tools.

Non-Ferrous Metals. A number of in-
teresting items mainly directed to the
problems of national defense are con-
tained in the October 1941 issue of a
new bulletin, Ajax Metelectric Prog-
ress with editorial offices at 46 Rich-
mond Street, Philadelphia, Pa. A con-
siderable amount of space of the first
issue is devoted to the use of metals in
submarines and the various methods
of saving metal and properly heat-
treating it.

Tubing. Precision Tools Company,
3824 Terrace Street, Philadelphia have
announced the issuance of a new cata-
log covering precision metal shielded
wire by their new process in protecting
insulating wires inclosed in either
seamless aluminum, copper or lead
tubing, tinned or untinned,

ELECTRONICS — November 1941
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MONITORING

For efficiency,
quality, coverage

@ DuMont Type 213-A Cathode-Ray Mod-
ulation Monitor is a@ “must” piece of
equipment in safeguarding today’s high
broadcasting standards. Permits moni-
toring and study of radio-frequency
transmissions. while eliminating neces-
sity for connecting deflection plates of
cathode ray tube to bulky externally-
provided tuned circuits. In other words,
it is entirely self-contained with its own
resonant circuit tuned to transmitter
frequency and coupled by means of
low-impedance link to source of modu-
lated radio frequency.

Modulated envelope or trapezoidal
modulation patterns. Tuned circuit fre-
quency range of from 400 kc to be-
yond 40 mc per second. Horizontal de-
flection effected either by externally-
provided linear sweep circuit for modu-
lated envelope type of study. or by
audio-frequency voltage taken from
transmitter modulator circuit.

This instrument is typical of DuMont
cathode-ray oscillographs available for
any laboratory, production, station or
field requirements.

@ Write for Literature ...

'iil'-lQEH'lllL'nu MONT
~ LABORATORIES, Inc.

auseic & Hew Jersey
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A BALLAST TUBE FOR AUTOMATIC
REGULATION OF CURRENT AND
VOLTAGE =

CURRENTCAPACITY — 050 to 10 AMPS.
INEXPENSIVE, SIMPLE, COMPACT.

RELAYS

ano DELAY RELAYS

A DELAY RELAY AS LOW AS 25c o

AVAILABLE UP TO &0
HERMETICALLY
SIMPLE, COMPACT

DELAYS
SECONDS
SEALED =

Mating
Regulators
Since 1922

PROMPT DELIVERIES
Send Us Your Problems

LUBRICATED
SLIDING
CONTACT

JAGABI

fubii-lact
RHEOSTATS

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

Write for Bulletin 1620-E

JAMES G. BIDDLE CO.

Electrical Insfruments
1211-13 Arch Strect Philadelphia, Pa.
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Decimal Equivalents. The new giant
Post decimal equivalent wall chart is
ready for distribution for those who
ask for it on their business letterhead.
This Post chart is 29 in. by 39 in., is
printed in large heavy type 1% in. high
which can be easily read several feet
away. It is printed in two colors, red
and black, on a white background mak-
ing it attractive and, more important,
the color separation adds to reada-
bility. This chart giving all the equiva-
lents from &t to &% within easy read-
ing of your eye, should be of interest
to draftsmen, designers and engineers.
A copy may be obtained without obli-
gation from the Frederick Post Com-
pany, 3650 North Avondale Avenue,
Chicago.

Constant Voltage. An unusually well
prepared 24-page textbook and catalog
on constant voltage transformers has
been prepared by the Sola Electric
Company, 2525 Clybourne Avenue,
Chicago. A particularly attractive
feature of this catalog, especially for
the engineer or designer, is the fact
that a considerable portion of it is
devoted to the principle of operation
and the characteristics of the constant
voltage transformers. Transformers
having a capacity of from 30 volt am-
peres up to 10 kva or single phase 60-
cps lines are listed. Constant voltage
transformers for illumination applica-
tions are also shown.

Switches. Publication No. 4109, is-
sued by the Delta-Star Electric Com-
pany, Chicago, describes and lists high
pressure contact MK-39 switches for
pole top and substation mounting. It
contains catalog numbers and dimen-
sions for group operated switches from
7.5 to 161 kv and ampere capacity up
to 1,200.

Acoustic Products. A folder is avail-
able from the Dilks Acoustic Products
Company, South Norwalk, Conn. de-
seribing their fluid flow speaker using
a small pneumatic amplifier and suit-
able horn and amplifying equipment.
While the exact principle of operation
of the fluid flow system is not described
in detail, it may be inferred from the
folder that air pressure is provided
to a suitable loudspeaking horn and
that an air ‘jet or valve, operated by
a suitable amplifier modulates the
sound issuing from the horn. Power
output up to 500 acoustic watts and
ample power to cover large areas are
available, while the unit can be regu-
lated to any power level.

Power Factor Determination. A chart
(GES-2765) for determining power
factors from line current has recently
been made available by the General
Electric Company of Schenectady,
N. Y. This chart is in the form of a
nomograph in which power factor de-
termination can be made by means of
a straight edge.

NOW

a really high-powered

RADIO
ENGINEERING
LIBRARY

.,
Note:
fhe Library comprises
a selection of books
cilled from leading
McGraw-Hill publica
tions in the radio
field

D especially selected by radio speclalists of
McGraw-Hill publications

to give most complete, dependable cov-
erage of facts needed by all whose fields
are grounded on radio fundamentals

D available at a special price and terms

These books cover circuit phenomena, tube
theory, networks, measurements, and other
subjects—give specialized treatments of all
flelds of practical design and application. They
are books of recognized position in the litera-
ture—books you will refer to and be referred
to often. If you are a practical designer, re-
searcher or engineer in any field based on radio,
vou want these books for the help they give in
hundreds of problems throughout the whole
field of radio engineering.

5 volumes, 3559 pages, 2558 illustrations

Eastman’s FUNDAMENTALS OF
VACUUM TUBES, 2nd edition

Terman’s RADIO ENGINEERING, 2nd
edition

Everitts COMMUNICATION  ENGI-

NEERING, 2nd edition

Hund’s HIGH FREQUENCY MEASURE-
MENTS

Henney’'s RADIO ENGINEERING HAND-
BOOK, 3rd edition

SPECIAL LOW PRICE e EASY TERMS

Special price under this offer less than cost
of books bought separately. In addition, you
have the privilege of paying in easy install-
ments beginning with $3.00 in 10 days after
receipt of books, and $3.00 monthly thereafter.
Already these books are recognized as standard
works that you are bound to require sooner or
later. Take advantage of these convenient
terms to add them to your library now.

FOR 10 DAYS EXAMINATION SEND THIS
gestesnsaON.-APPROVAL COUPONimsussuve,

McGraw-Hill Book Co., 330 W. 42nd St., N. Y.

Send me Radio Engineering Library for 10 days’
examination on approval. In 10 days I will send
$3.00 plus few cents postage, and $3.60 monthly till
$24 is paid, or return books postpaid, (We pay
postage on orders accompanied by remittance of
first installment.)

Gty NATIGNS (8 I gy gy
OS] 10 A TP P g e e PSSP

COMDANY .ttt tieer itaientiearaaanean L. 11-41
(Books sent on approval in U.S. and Canada only.)
(A AL RL LN RENRERERYERERRENERENERNNNNNDZ]])
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New Products
Marker

AN ACCURATE MACHINE for numbering
and lettering name plates, parts, in-
struments, castings, gages and scales
has led to the development of a new
marker manufactured by the Acromark
Corporation, 251 North Broad Street,
Elizabeth, N. J. It produces results
more quickly than with the usual hand
stamping and accurately lines up the
selected numerals. It is claimed that un-
skilled help can operate after a few
hours practice from the simple instruc-
tions furnished with the machine., The
Acromark Corporation has in stock
dies in sizes 4% inch, 5% inch, i inch, &
inch, and % inch, from which orders
can be filled immediately.

Aireraft Radio Equipment

A COMPLETE COMMUNICATION SYSTEM
for aircraft developed by Lear Avia,

Inc., Dayton, Ohio shows all evidences :

of reducing the weight to a minimum.
The unit consists of a type T-36-AV
transmitter, type RCBB receiver, loop
antenna, and power supply.
mitter has a frequency range of from
2900 to 6500 ke with two frequency
crystal controls. Power output is be-
tween 20 and 30 watts. The frequency
stability is plus or minus 5 cps per Mc
per degree centigrade and frequency
tolerance is plus or minus 0.01 percent.
The complete antenna with cables and
reniote control unit weighs in the neigh-
borhood of 20 pounds.

The type RCBB receiver has a fre- |

quency coverage of from 180 to 405 ke,
500 to 1200 ke and 2800 to 6700 ke in
three bands, although special fre-
quency arrangenients are available to
order. An output of 50 milliwatts is
obtained with two microvolts per meter
on the antenna or
meter on the loop.

Koolohm Resistor Is New
Line of Sprague

KOOLOHM RESISTORS WITH FERRULE
end-type <construction for fuse eclip
mounting and designed to meet specifi-
cations of the U. S. Navy has been an-
nounced by the Resistor Division,
Sprague Specialty Company, North
Adams, Mass. The units are available
in 10, 20, 35, 50, 90 and 150 watt sizes
in high resistance values heretofore
unobtainable. They are supplied in
either inductive or non inductive types,
the latter having a residual inductance
of very small value. An outer shell of
i-inch thick, heat-treated pyrex glass
provides high voltage insulation as well
as additional protection against hu-
midity in the new unit known as tvpe
F. Standard tolerance is 5 percent,
although closer tolerances are avail-
able on special order at somewhat
higher cost.

The trans- '

40 microvolts per |

7 PERMANENT MAGNETS

=——=40 YEARS EXPERIENCE
ELECTRONICS — November 1941

RADIO CoMMuNICATIONS ELECTRIC POWER?

There is a PRECISION INDUSTRIAL CIRCUIT TESTER
to meet your INDIVIDUAL SENSITIVITY REQUIREMENTS

Ranges to 6000 Volts —60 Amps—10, 20 or 60 Megs—70 DB
1000, 5000 or 20,000 ohms per volt!

s SELECT THE AC-DC
VOLT-OHM.DECIBEL-MILLIAMMETER
BEST SUITED TO YOUR NEEDS

—

ADD THE SERIES ] %-
MULTLRANGE AC.

AMMETER

* Series J (illustrated above). Eight |
AC ammeter ranges, 300 MA full scale
to 60 AMPS. Available individually or
as companion unit to Series B44, 845 |
or 856.

N
* Series 844 (illustrated above)
000 chms/velt AC and DC

* Series 84% 5000 ohms/volt DC
Plus 1000 ohms/volt AC and DC,

* Series 856 20.000 ohms/volt DC
Plus 1000 ohms/volt AC and DC

* Series 844 ] Combi

AC-DC Industrial Circuit Tester (center illustration). Complete w:th ohmmeter batteries

and high vcltage test leads. Furnished in walnut finished hardwood portable case. size 11 x 15 x 6" $48.95 |
B . o e

* Series 845 J Combination AC-DC Industrial Circuit % Series 836-J Comb AC-DC Circuit -

Tester. Complete as above $52.95 Tester. Complete as above §59.95

WRITE FOR NEW PRECISION INDUSTRIAL TEST INSTRUMENTS CATALOG No. 42.E

DRECISIN TEST ENUIONETT

INDUSTRIAL* LABORATORY - RADIO - TELEVISION §

PRECISION APPARATUS COMPANY ¢ 547 KENT AVENUE ¢ BROOKLYN, M. Y.

Coble Address: Morhanexi

Export Division: 458 Broadway, New York City, U. S. A,

‘Mangrid”
GRID WIRE
L gcamauf will .med‘q
1R

WILBUR B.DRIVER CO.

NEWARK, NEW JERSEY

ALL SHAPES — ALL SIZES
FOR ALL PURPOSES
Stamped, Formed, and Cast; Chrome, Tung-
sten Cobalt and ALNICO** (cast or sin-

tered) under G. E. license.

THOMAS & SKINNER
STEEL PRODUCTS COMPANY

t116 E. 23rd STREET INDIANAPOLIS, INDIANA

Laminations for Radio Transformers — Tools
Dies — Heat Treating — Stampings
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In these and similar batteries of electric
ovens every Triplett Instrument is sub-
jected to scientific heat treatment during
several stages of the assembly process.

Pre-curing of molded parts and heat
treatment of all assembled materials is
a precaution to eliminate strains and
stresses which otherwise would develop
after the instrument is in the hands of
the user. This is one of the many Triplett
methods of insuring your continued sat-
isfaction with Triplett Precision Instru-
ments and Testers. Accurate alignment
for dependable performance is thus as-
sured under all normal conditions and
usage.

THE TRIPLETT ELECTRICAL INSTRUMENT CoO.
Blutiton, Okis

& PLATINUM ALLOYS
IN
SHEET, WIRE, TUBING

PLATINUM - RUTHENIUM
IRIDIUM - RHODIUM
OSMIUM - PALLADIUM

its resistan®

and its hig

SIGMUND COHN

44 GOLD 5T MEW YORK

LimCE wo
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Relays

IMPROVED MIDGET MAGNETIC RELAYS
manufactured by the Ward Leonard
Electric Company, Mount Vernon, N. Y.
are described in bulletin 106 of that
company. Standard features of the re-
lays are that they may be operated
from either a-c or d-c¢ supply, have low
power consumption coils so as to be

N S

suitable for continuous duty. The coils
operate directly on standard voltages
and frequencies up to 115 volts. Self-
aligning, self-cleaning silver contacts
are employed and all metal parts ex-
cept the contacts are cadmium plated.
Contact combinations are available up
to and including double pole, double
throw. With either two-wire or three-
wire control, the magnet coil may be
energized either from the main line
circuit or from an independent circuit.
Heavy duty circuit relays are also
supplied and have the same general
features as the midget magnetic relays
except the greater power handling ca-
pability and the fact that they are
available only with single pole, double
break, normally open contacts.

Multi-Range Tester

THE SERIES 834 MULTI-RANGE tester is
marketed by the Precision Apparatus
Co., 647 Kent Avenue, Brooklyn, N. Y.
provides a-c and d-c measurements for
thirty-one ranges in an instrument no
larger than a man’s hand. Power out-
put, a-c and d-c voltage, and current
and resistance may be measured in
addition to power ratios in db. The
unit is completely self-contained, uses
no external batteries or multipliers, and
is provided with a 400 micro-ampere
rectangular indicating meter with
wire-wound multipliers accurate to
within 1 percent.

Automatic Record Changer

A NEW DEVELOPMENT of the RCA Manu-
facturing Company, Camden, N. J. is
an automatic record changer which
plays phonograph records on both sides
without the necessity of turning the
records over. Two pickups are ar-
ranged in such a manner that when the

top side of a record has been played,
the top tone arm swings clear, the
motor reverses, and the bottom side of
the record is played by another tone
arm which has been brought into posi-

tion automatically. When the under
side of the record has been played, the
lower tone arm swings clear and the
record is deposited into a felt lined
compartment, another record dropped
into position, and the cycle is repeated.
Simple controls permit adjustment of
the mechanism for playing either one
or both sides of the records. Provi-
sion is made for rejecting a record
while it is being played by pushing
the starting button.

Aireraft Transmitter-Receiver

A NEW FIVE-WATT PORTABLE transmit-
ter-receiver for aircraft, Model PTR-5
has just been made available for de-
livery by the Jefferson-Travis Radio
Mfg. Corp., 374 Second Avenue, New
York. It is claimed that no installation
work is involved except to install an
antenna and to connect this to the
unit. The weight of the entire unit,
including the receiver, transmitter,
dynamotor, power supply, and all bat-
teries, is 31 pounds.

Limit Bridge

THE SHALLCROSS MANUFACTURING
COoMPANY, 10 Jackson Avenue. Colling-
dale, Pa. has designed and is now of-
fering a highly specialized limit bridge -
for rapid and accurate testing of multi-
tapped resistors with varying unit
values. This special instrument is
known as the No. 618 percent limit
bridge. It has binding posts for con-
necting a galvanometer and battery,
while special mercury wells provide a
method for attaching a multi-tapped
resistor. A rotary switch selects the
unit of the multi-tapped resistor to be
tested and at the same time places the
appropriate standards in the circuits.
A suitable key switeh tests the unit
for high and low power.

November 1941 — ELECTRONICS
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Cutting Tool

TO MORE RAPIDLY MEET THE DEMAND
for carbide tipped cutting tools, the
Tungsten Carbide Tool Company, sub-
sibiary of the Michigan Tool Company,
Detroit, announces a complete line of
standard stock tools comprising six
styles and 46 stock sizes. All tools have
diamond ground edges and are ready
for immediate use. Types suitable for
cast iron, non-ferrous metals and for
steel are included in the line. Tools
are designed to cover a large majority
of all turning, boring and facing re-
quirements and may be readily con-
verted by the user by a simple grinding
operation. '

Lever Switch

A NEW TYPE OF LEVER SWITCH for elec-
trical control purposes has recently
been announced by Donald T. Moss-
man, Inc., 6031 Northwest Highway,
Chicago. The No. 4101 lever switch is
constructed to meet the needs for a
heavy duty, multiple contact, positive
action lever type of switch. The de-
sign affords flexibility and contact ar-

rangement in the locking or non-lock-
ing action. Consequently lever switches
are available in an almost unlimited
series of combinations of contact as-
semblies which may be built up to suit
any specific requirements. Contact
assemblies are limited to nine contact
springs per pile-up, eighteen springs
for position, or thirty-six springs per
switch. Standard contacts + inch in
diameter of fine silver have a non-
inductive rating of 10 amperes at 110
volts ac, whereas extra heavy duty
contacts have a rating of double this
current. The breakdown rating be-
tween ground and spring is 2,000 volts,
alternating current.

Smallest Transformers

As SPECIALISTS in reducing the size of
transformers for a given job, United
Transformer Corporation, 150 Varick
Street, New York City are now in
quantity production on a new group of
transformer components weighing only
3/10 oz. These coupling units have
almost 10,000 turns, and an inductance
of approximately 70 henries and have
dimensions of 15 x 75 x § inches. The
units are in active use for hearing
aid, aircraft and similar applications.

P i) b bt e e — —

Here is a signal generator
developed specifically for use
in the design of FM equip-
ment. Built into it are the
features requested by FM en-
gineers. Both Frequency anc
Amplitude Modulation avail
able separately or simultan-

eously.  All controls direct
reading. Expanded scale
meters. Power line regula-

FREQUENCY MODULATED GENERATOR

TYPE 150-A

tion optional.

*Frequency Range 41-50 MC and
1-10 MC

Output from 0.1 nV to 0.1 Volt with
attenuator, and 0.1 Volt to 1 Volt
with special tap.

Boonton, New Jersey

Brief Specifications:

Deviation from zero to 200 KC

Internal AF-100, 400, 1K, 4K and
10K cycles.

RMA Pre-emphasis circuit.

Vernier F Contreol for selectivity.

* Quotations on other frequency ranges supplied on request.

BOONTON RADIO CORPORATION

U. S. A,
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YTRON

ARSENAL®*
DEMOCRACY

& Hytron is authorized to display this official DEFENSE

§' I PLANT IDENTIFICATION, signifying that more than 50%

of our production is devoted to the needs of defense.
Measured in radio tubes, this figure

represents more than a casual devotion
to Defense. Important, indeed, are the
tasks which Hytron tubes will perform
during long, routine hours and in sudden,
crucial moments.

To loyal Hytron users—to all who know
of the many basic improvements de-
veloped here—it will be no surprise to
find these better tubes taking key posi-
tions in the vast military mosaic of
America and Britain. What should be
emphasized now is:—Defense is getting

TUBES

RECEIVING
TRANSMITTING
BALLAST
ELECTRONIG

HYTRON
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what it needs from Hytron, with no
serious effect upon our ability to supply
the radio industry, nor any slightest re-
laxation in quality.

The needs of our regular customers,
increasing heavily, have put Hytron ca-
pacity to a double test. That additional
trial is also being met—in a plant whose
flexibility astonishes even ourselves—by
a master-combination of men, women
and machines that seems ever capable
of doing more and more!

HYTRON CORP. . . . SALEM, MASS.

Mammlaciurers of Radie Tubes Sinee 1921

119




A Precision Crystal

Secondary

FREQUENCY STANDARD
THAT HAS BEEN
"Designed for Application

A precision frequency standard capable of
being adjusted to WWYV or some other
primary standard and putting out uniformly
accurate calibrating signals with 10, 25, 100,
1000 KC intervals. Uses the new GENERAL
ELECTRIC No. 18A 1000 KC crystal having
a frequency temperature coeflicient of less
than one cycle /Mc/C°. The crystal is sealed
in Helium in a standard metal tube envelope.

The self-contained AC power supply has
VR150-30 voltage regulator tube.

In addition to oscillator, multivibrators,
and harmonic amplifier, a built-in mixer
with phone jack and gain control on panel
is incorporated.

JAMES MILLEN
150 EXCHANGE ST.

MFG.CO. Inc.
MALDEN, MASS,

1

Ilewr CarZel
AIRCRAFT TYPE
GENEMOTORS

® TRIPLE OUTPUT!!—Think what this means
—3 separate outpuis from a single Dynamotor!
The new Carter Triple Output Dynamotor
shown below, is winning wide acclaim in the
Aircraft Industry because of its high effi-
ciency, small size, and extra light weight.

©® Write today for descriptive literature on
Carter Dynamotors—D.C. to A.C. Converters—
Double and Triple Output Dynamotors—Mag-

motors—Special Motors—High Frequency
Converters—and Permanent Magnet Dyna-
motors.

@@E‘ﬁ@ﬁ" otor @_@

SHICARS ILLINDIS

1606 Milwaukee Ave. Cable: Genemotor

Carter, a well known name in Radio since 1922
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Marine Equipment

A NEW TYPE OF COMMERCIAL MARINE
radio equipment of revolutionary de-
sign that can be installed on board
ships in one fifth the time usually re-
quired has been developed in connec-
tion with the emergency shipbuilding
program, by the International Tele-
phone & Telegraph Corporation,
Broad Street, New York. Among the
vessels on which it is to be installed
are the 312 Liberty type ships now
being built by the Maritime Commis-
sion. The new radio unit combines in
a single cabinet radio equipment which
ordinarily requires as many as twelve
separate units and eliminates the in-
tricate system of interconnecting wir-
ing in the radio cabin. It includes all
of the radio apparatus necessary for
safety and communication purposes.
The equipment was designed by the

Iederal Telegraph unit of the Inter-
national Telephone & Radio Manu-
facturing Corporation to meet the
speed requirements of the emergency

shipbuilding program in making
possible to do at the factory practically Design Radio
all wiring and other work usually done
on the ships at the building yards.
The unit is practically ready to plug
in at the power supply and the radio
antenna system when it arrives at the
ship. This not only results in a great
saving of time but releases many hours
of highly skilled labor for other na-
tional defense work since the installa-
tion job is comparatively simple.
combining of all apparatus in a single
cabinet also means an important sav-

ing in space on ships.

The fact that all installations are
standard is expected to save time in
the training of new operators.
switch and each button is in the same
place on every ship carrying
The time-saving
tages and the great simplicity of de-
sign and operation combined in this
new equipment are regarded by ship
radio engineers as one more of the
many permanent technical contributions
made possible by the national defense

equipment.

program.
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The 130 Greenview Lane

Each INDUCTION HEATING

the
advan-

PROFESSIONAL
SERVICES

( Itates on Application)

JOHN C. BATCHELOR

INDUSTRIAL PHYSICISTS-ENGINEERS
Specialists in industrial, technical and
marketing investigations for manufac-
turers and bankers on products being
considered for preduction and financing.

100 E. 42nd Street New York City

DUDLEY B. CLARK

Consulting Engineer

Industrial Tube and Circnit Design.
Electronics as Applied to Metal and Chemical
Industries,

Research Laboratories and Shops

Palm Springs C‘alif.

ELECTRICAL TESTING
LABORATORIES

Characteristics
of Vacuum Tubes
Tests of photo cells, glow lamps, crater lamps,
Tests of electronics and optical devices
Kast End Avenue and 79th Street
New York, N. Y.
Thone, Butterfleld 8-2600

INTERNATIONAL ELECTRONICS, INC.

Special Instruments, Equipment and Methods to

control gauging, welding, heating, communications,

signaling, safety, inspection, color and testing.

Quality control and cost reduction tor mechanical,

electrical, metallurgical and chemical industries.

Rockefeller Center New York City
Telephone (‘lrele 6-8494

HAROLD J. McCREARY
Mem. A.I.E.E. & W.S.E.

Consulting Engineer
Lahoratory Iacilities
Electronics
Development Television
Factory Practice Railroads Signaling
Tatent Studies Telephony )
105 W. Adams St. Phone STate 4003 Chicago, 11l

JOSEPH RAZEK, PH.D.

Consulting Physicist
Electrical and Mechanical Engineering TProblems
Instruments and Control Devices Electronics
Specialist in  Colorinetry, Spectophetometry and
Industrial Color Control
Laboratory and Nhop Facilities
Llanerch, Pa.

CHARLES WATSON SIDNEY

Consultant
RESISTANCE WELDING

WELDING POWER SYSTEMS
8 Wooderoft Rd., Summit, N. J.

Professional Assistance . . .

in solving your most difficult prob-
lems in the specialized field of elec-
tronic devices is offered by con-
sultants whose cards appear on this

page.
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We manufacture a complete line of equipment

SPOT WELDERS, electric, from %4 to 500 KVA AC ARC
TRANSFORMERS, special and standard types WELDERS
INCANDESCENT LAMP manufacturing equipment Xrom 100 to

FLUORESCENT TUBE MAKING EQUIPMENT 400 Amps.

ELECTRONIC EQUIPMENT, vacuum pumps, ete
WET GLASS slicing and cutting machines for laboratory use
GENERAL GLASS working machines and burners o
COLLEGE GLASS working units for students and laboratory -
EISLER ENGINEERING COMPANY,_ CHAS. EISLER, Pres. w -
751 So. I13th St. (near Avon Ave.) Newark, New Jersey .

—” SIGNAL & INDICATOR
& PILOT LIGHTS

g “i» for oll electrical devices.

FINE RIBBONS s fJ

of Tungsten and Molybdenum

Molybdenum in widths .006” to 1”7
in thickness to .0006"” \ A
Tungsten Ribbon to specification 'ﬂ' 1

H. CROSS ““|SIGNAL INDICATOR Corp.

15 Beekman St. New York Bl ] 140 CEDAR ST, NEW YORK, N. Y,

We welcome your inquiries for

LUMINESGENT MATERIALS

Fluorescent and Phosphorescent Chemi-
cals for Lamp and Allied Industries

GENERAL LUMINESGENT CORP.

732 S, Federal St. Chicago, Il

L J
WRIT: FOR CATALOGUE ]
| showing a complete line of
assemblies for all purposes. |

X |MMEDIATE DELIVERY )

ON ALL STANDARD
RADIO PARTS AND
ELECTRONIC EQUIPMENT

GREATEST STOCK EVER iN RADIO
HISTORY
For PROMPT Service Phone BArciay 7-1840
Have vou a copy of our 416 Page Catalog?
Address Dept. ¥L on firm letterhead.

New York’s Oldest Complete Radio
Organization—established 1922

\RADIO CO.

- 212 FULTON ST,
“NEW YORK, N. Y.

CRYSTALS by

I PO WIBR

The Hipower Crysial Company, one of
America's oldest ond lorgest monuloc.
turers of precision crystal units, is able
1o offer the breoadeaster emd manuloc
turer offroctive pricea becouse of their

large production ond the exclusive
Hipower grinding process, Whalever
your crystal need may be. Hipower
cun rupply It. Write today for Jull
information,

Vitreous Enameled

RESISTORS -~

A complete raage, from 1 to 200 i ! ;Evf
W, wound with highest grade re- ok
sistance wire. Tolerances plus or

minus 595 (doser tolerances, if a2

needed) ¥,

Wound on low loss ceramic cores

Mounting legs furnished when re- als
e

quested. i
SEND FOR SAMPLES : »®
Give complete data regarding re- %

ECTROHM

sistance, maximum current, volt-
age drop required and mounting -
space available. Ex

"“The Praise You Take..."

Benjamin Franklin once said,
“The praise you take, al-
though it be your due, will
be suspected if it comes from
you."

We say, ‘‘Ask the people who
buy here what they think of
us.”

TERMINAL RADIO CORP.

2 Stores in New York City

68 WEST 45TH STREET
80 CORTLANDT STREET

Phone VAnderbilt 6-5050—,J

Coll BRyant 7-1%4& for SERVICE!

HARVEY RADIO CO.

Conveniently located ot Times Square

102 W. 43 5T. = NEW YORK, N. Y.

HIPOWER CRYSTAL CO.

Sales Division==205 W. Wacker Drive, Chicago
Factory—2035 Charleston Street, Chicago, 111

ARVEY asiraone

LECTROHM, INC.

5131 WEST 75 7™H PLACE
CHICAGD (CICERD P.OJILL.

MICROMETER

for
RADIO LAB'S Inc. APPARATUS M i checking
) NATIONAL & DEFENSE FREQUENCY transmitters,

447 Concord Ave., Cambridge, Mass.

require
the finest loudspeakers
Specif:

UNIVERSITY REFLEX
Tie only complete loud-
speaker line which solves

s« # @& ALL = = -
Dsfense Sound Problems
YUniversity Laboratories

from 1.5 to 56 me.,
within 0.01 per cent,

METER

this or other advertising does
l not supply the information con-

Sraas, e e, Soicee oy v B LAMPKIN LABORATORIES
ELECTRONICS, —DBradenton, Fla., U. 5. A—

New York City
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| RESEARCH
DESIGN
PRODUCTION

FERRIS) ="
INSTRUMENTS

~ MICROVOLTERS™
STANDARD SIGNAL GENERATORS
ULTRA HIGH FREQUENCY SIGNAL GENERATORS
CRYSTAL CONTROLLED SIGNAL GENERATORS
RADIO NOISE METERS 1

Write for new catalog E-4; illustrates and gives complete details and specifications
! for the complete line of Ferris instruments.

FERRIS INSTRUMENT CORPORATION
BOONTON Telephone Boonton 8-0781 NEW JERSEY

*Reg. U. S. Pat. Office

\ J

Theory of Gaseous Gonduction
/| and Electronics

By F. A. MAXFIELD and R. R. BENEDICT
U. 8. Naval Ordnance Asst. Prof., Elec.
Laboratory on Leave Engineering, U.
from the U. of Wis. of Wis.
474 pages, 6 x 9, 239 illustrations, $4.50

book presents a systematic treatment

This
of the fundamental processes involved in
gaseous conduction and electronics, interpret-
ing the underlying phenomena upon which the
properties of all types of gaseous conduction
devices depend. It discusses the production

and motions of electrons in high-vacuum as
well as the conditions prevailing in spark,

Confents glow, and arc discharges, and illustrates the

N . pr1nqp1es developed b_y their application to

2. The Electrostatic Field particular tubes and discharges.

3. PMov'en?em Hofh q‘:/harged EEEEEACaeEANA AN AR ES AR AN A RAR A GEaRAREaannananananns
articles in Hi acuum ' u

4. The Molecular Theory of | FOR 10 DAYS' FREE EXAMINATION MAIL COUPON :

Gases

5. Conduction Processes MeGraw-Hill Book Co.. 330 W, 42nd St., N. Y.
6. Electron EMlS_SlOl‘I: Thg- Send me Maafield and Benedict’s Theory of Gaseous Conduction
ory and Typical Appli- ‘and Electronics for 10 days’ examination on approval. In 10 days =

cations I will send you $4.50 or return book postpaid.

7. Deionizing Processes AT 5606000 800005068 000600808808 8a0aaaaaE a0aaaa0E
8. Production of Ions in the .
as AT S o e a0 6006066 66660 6668000008 88080 86666680660 800 04D
9. Sparking Potential, Spark-
over, and Corona Dis-
charge

10. The Glow Discharge

CIY A S AT . e e

tREE 011 06 aan0680066608600000600006 6000608000 88008 880800085000

B 7031 27 1 O L. 11-41

11. The Arc Discharge
{Books sent on approval in U.S. and Canada only.)
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Phase Shifters

(Continued from page 49)

tween e and 0.707¢ which is not
serious for many applications.

The circuit of Fig. 8 would be
independent of frequency within rea-
sonably wide limits were it not for
the fact that the 90-degree shifter
is frequency sensitive. Obtaining
the initial 90-degree rotation as
shown in Fig. 10 makes this phase
shifter essentially independent of
frequency. The resistance R is made
very much greater than the reac-
tance of C throughout the desired
frequency range. The voltage across
C will then be very close to 90 de-
grees behind the voltage applied t
the R-C combination. The magni-
tude of the voltage across C will be
very small, however, because of the
size of R. An amplifier will make up
for this loss in voltage (or the volt-
age to the other potentiometer may
be attenuated) so that the potentio-
meter voltages may be equal. This
amplifier must have its gain ad-
justed for every frequency due to
the change in reactance of C. This
can be done automatically with an
automatic volume control circuit of
conventional type.

Author’s note: Tn the course of the invess
tigation of these phase shifters, the fresh
viewpoint of students, as usual, has been
fruitful. The basic idea of the 360-degree
shifter was suggested originally by Mr. Lee
Coe and the frequency-independent 90-degree
shifter of I"ig. 10 by Mr. William H. Iluggins,
both students in Electrical Lngineering at
Oregon Ntate College.

SCHOOLING U. S. ARMY IN
COMMUNICATIONS

o~
e

A radio equipped command car at Fort
Monmouth, N. ]J., shown in communica-

fion with headquarters. This car has
equipment for both key and voice rad o
communication
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WANTED
AUDIO AND ELECTRONIC ENGINEER

Permanent position and opportunity for
development and original work with es-
tablished company doing national busi-
ness in audio specialty field. One Senior
engineer required, Salary $4,000 to $6,000
per year with bonus and advancement
opportunities. Requirements: Klectrical
engineering egree and considerable audio

and electronic experience in design, de-
velopment, ©One Junior engineer, salary
$200 to $300 monthly with bonus. Must be
graduate electrical engineer with some
experience in electronics,

State qualifications: academic, gradu-
ate, employment, experience in design,

development, and production and any pat-
ents in audio and electronic fields. Also
give any experience in production and
supervision, acoustics, speakers and re-
producers, tool and die design, plastics,
etc. Al replies strictly confidential. In-
terviews by appointment only. Employ-
ment to begin January 1st.

P-300.
330 West 42nd St.,

Electronics
New York City

LEGAL NOTICE

STATEMENT OF THE OWNERSITIP, MANAGEMENT,
CIRCULATION, ETC., REQUIRED BY THE
ACTS OF CONGRESS OF AUGUST 24,

1912, AND MARCH 3, 1933

Of Electronics, riublished monthly at Albany. N. Y.,

for October 1,

State of New York .
County of New York §

Before me, a Notary Public in and for the State and
county aforesaid, personally appeared D. C. McGraw,
who, having been duly sworn according to law, deposes
and says that he is the Secretary of the McGraw-Hill
Publishing Company, Inc., publishers of Electronics,
and that the following is, to the best of his knowledge
and belief, a true statement of the ownership, manage-
ment (and if a daily paper, the circulation), etc., of
the aforesaid publication for the date shown in the
above caption, required by the Act of August 24, 1912,
as amended by the Act of March 3, 1933, embodied in
section 537, Postal Laws and Regulations, printed on the
reverse of this form, to wit:

1. That the names and addresses of the publisher,
editor, managing editor, and business managers are:
T'ublisher, McGraw-ILill Publishing Company. Inc., 330
West 42ad St., N. Y. C. Editor, Keith Henney, 330
West 42nd St., N. Y. C. Acting Managing Editor, Beverly
Dudley (Donald G. Fink on leave), 330 West 42nd St.,
N. Y. C. Business Manager, H. W. Mateer, 330 West
42nd St., N. Y. C,

2. That the owner is: (If owned by a corporation, its
name and address must be stated and also immediately
thereunder the names and addresses of stockholders own-
ing or holding one per cent or more of total amount of
stock. If not owned by a corporation, the names and
addresses of the individual owners must be given. If
owned by a firm, company, or other unincorporated con-
cern, its name and address, as well as those of each
individual member, must be given.) MeGraw-TIill Pub-
lishing Company, Inc., 330 West 42nd St., N.
Stockholders of which are: James H. McGraw, 330 W u(g

42nd  St., 5 . James H. McGraw, Jr., 33
West 42nd St., N. Y. C, James H. McGraw, James H.
McGraw, Jr., and Curtls W. McGraw, Trustecs for:

Jarold W. McGraw, James H. McGraw, Jr., Donald C.
McGraw, Curtis W. McGraw, 330 West 42nd  St.,
N. Y. C. Edwin S. Wilsey and Curtis W. McGraw,
Trustees for James H. MecGraw, 3rd, Madison, N. I,
Curtis W. MeGraw, 330 West 42nd St., N. Y. C.
Donald C. McGraw, 330 West 42nd St., N. Y. C. Anne
Hugus Britton, 330 West 42nd St., N. Y. C. Mildred W.
AMeGraw, Madison, N. J. Grace W. Mehren, 73 No.
Country Club Drive, Phoenix, Ariz. J. Malcolm Muir &
Guaranty Trust Co. of New York, Trustees for Lida
Kelly Muir, 140 Broadway, N. Y. C.

3. That the known bondholders, mortgagees, and other
security holders owning or holding 1 per cent or more of
total amount of bends, mortgages, or other securities
are: (If there are none, so state.} None.

4. That the two paragraphs next above, giving the
names of the owners, stockholders, and security holders,
it any, contain not only the list of stockholders and
security holders as they appear upon the hooks of the
company bhut also, in cases where the stockholder or
security holder appears upon the books of the company
as trustee or in any other fiduciary relation, the name of
the person or corporation for whom such trustee is act-
ing, is given: also that the said two paragraphs contain
statements embracing affiant’s full knowledge and belief
as fo the circumstances and conditions under which
stockholders and security holders who do not appear
upon the hooks of the company as trustees, hold stock
and securities in a capacity other than that of a bona
fide owner; and this affiant has no reason to helieve
that any other person, association, or corporation has
any inferest direct or indirect in the said stock, bonds,
or other securijies than as so stated by him.

5. That the average number of copies of each issue of
this publication sold or distributed, through the mails
or otherwise, fo paid subseribers during the twelve months
preceding the date shown ahove is. (This information
is required from daily publications only.)

McGRAW-HILL I‘U'BLI.\'HING COMPANY. INC.

. C. McGRAW, Secretary.

Swarn  to “-lld suhsnlhpd bofore me this 29th day of
1

September, 19
[sEAL) . E. BEIRNE.
Notary Public, Nassau County. C1k’s No. 93, N. Y.
Clk’s No. 974, Reg. No. 2-B-609.
(My commission expires March 30, 1942)

ELECTRONICS

EMPLOYMENT :
BUSINESS :

UNDISPLAYED

10 CaNTS 4 WorD. MINIMUM CHARGE $2.00

Positions Wanted (full or part time salaried
employment only) %% the above rates
payable in advance.

Box Numbera—Care of publication New
York, Chicago or San Francisco offices
count as 10 words.

Discosnt of 10% if full payment is made
in advance for 4 comsecutive insertions.

SEARCHLIGHT SECTION

(Classified Advertising)
"OPPORTUNITIES" :useo orREsALE

—RATES——

: EQUIPMENT

DISPLAYED

Individual Spaces with border rules for
prominent dieplay of advertisements.

The advertising rate is $6.00 per inch for
all advertising appearing on other than
a contract basis, Contract rates quoted
on requ

An adverﬂatua inch is measured %” ver-
tically on a column — 3 columns — 30
inches to a page.

POSITIONS VACANT

EXPERIENCED ELECTRICAL ENGINEER

thoroughly conversant with all types of
transformers and reactors used by the Army,
Navy and Air Corps desired by Midwestern
transformer manufacturer. Excellent oppor-
tunity. P’-293, Wlectronics, 520 N. Michigan
Ave., Chicago, Il

ELECTRONIC ENGINEER young man under
35 as research and design engineer with
Vacuum Tube hearing aid company, must be
graduiated EE with some electronic and acous-
tical experience desirable. Unusual oppor-
tunity to progress with company. Compen-
sation secondary to proveable ability. Give
age, complete education, experience and tele-
phone number. Present staff know of this
opening. Apply in complete confidence. P-296,
Electronics 330 W. 42nd St., New York, N. Y.

POSITIONS VACANT

LARGE NEW ENGLAND Radio Tube Manu-
facturer has openings for electrical engineers
and physicists to work on production problems.

Experience preferred but not essential. U. S.
citizenship required. Excellent opportunity.
P-297, Electronics, 330 W, 42nd St., New York,
N. Y.

Wanted
Audio Transformer Designer

Should have education and experi-
ence necessary to establish basic
designs and supervise production
engineering on both ‘voice” and
“control” applications. Work will
be on interesting National Defense
projects and expanded commercial
products after the present emer-
gency is over. Write giving
formation covering eduecation and
Salary arranged. All
will be treated

in-

experience.
communications
confidentially.

RAYTHEON MANUFACTURING CO.

190 Willow St. Waltham, Mass.

MECHANICAL ENGINEER WANTED. Ex-

perienced product designer having technical
training. Work will be establishing design and
supervision of production engineering for me-
chanical parts and mountings for interesting
national defense radio and electrical products.
This work will develop into a line of commer-
cial electronics products after the present
emergency is over. Write glving information
covering education and experience. Salary ar-
ranged. All communications will be treated
confidentially. Raytheon Manufacturing Com-
pany, 190 Willow Street, Waltham, Massa-
chusetts.

RADIO ENGINEER WANTED. Interesting

work on a national defense project for a
technically trained man having experience in
the designh and operation of ultra high fre-
quency radio apparatus. Write giving infor-
mation covering education and experience.
Salary arranged. All communications will be
treated confldentially. Raytheon Manufactur-
ing Company, 190 Willow Street, Waltham,
Massachusetts.

POSITIONS WANTED

COMMUNICATION ENGINEER: Wide experi-

ence including design of radio and telephone
circuits and production test equipment; test
of military aircraft radio; quality inspection

control; supervision installation, test, inspec-
tion of telephone exchange equipment, indus-
trial apphcatmns thermionic tubes, Present

position supervising Inspector Signal Corps ma-
terial. Salary expected $225 month. PW-298,
Electronies, 520 N. Michigan Ave., Chicago, Il

ENGINEER AND PHYSICIST
highly experienced
development. de-

ELECTRICAL

excellent background,
and efficient, many patents,
research wants adequate responsible po-

sign.
sition. PW- "9‘) Electronies, 330 W, 42nd St.,
New York, N. Y.
FOR SALE

COMPLKTE  PROFESSIONAL  Recording

Equipment., well engineered amplifier, allied
Tables, RCA, Amperite microphone, Miller
Tuners, Jensen 15”. Reasonable $1.500 FS-
292, Electronics, 330 W. 42nd St., New York,
N. Y.

COMPLETE RECORDING STUDIO Equipment

for sale, professional quality, slightly used.
Three 171% " turntables, five channel mixer. Ex-
cellent purchase for educational institution or
small radio station. FS8-295 Electronics, 330
W. 42nd St., New York, N. Y

HIGH GRADE USED

ELECTRON TUBE MACHINERY

Huge Stock of Every Tupe and Variety
KAHLE ENGINEERING (CORPORATION
Specialists in Equipment for the manufacture of
Neon Tubes, Radio Tubes, Incandescent Lamps,
Photo Cells, X-ray Tubes, ctc.

900 DeMott St., North Bergen, N. J.

We Want Electronic Engineers
and Radio Technicians

Here is an opportunily to serve your country and
travel to any point in the United States or pos-
sessions at liberal salury and all expenses paid.
Employment guaranteed for minimum of one year
or longer. Electronic engineers must be graduate
electrical engineers with major in Electronies or
equal—age 24-30. Radio technicians must hLe high
schooel gradnates with a minimum of four years
experienre—age 20-30. Single men preferred.

EMPLOYMENT AT ONCE
Write air mail, giving full personal histery, per-
sonal and experience references, amd including
snapshot, if possible. Arrangements will he made
for personal interview. Address: Chief Engincer,
Minneapolis-Honeywell Regulator Company, Min-
neapolis, Minnesota,

DEPENDARBLE
Used
ELECTRONIC TUBE EQUIPMENT

Complete line of used equipment for the manufac-
ture of Radio Tubes. Neon Tubes, Incandescent
Lamps, etc. Write for Bulletin showing 25 to 75%
savings.
CALLITE TUNGSTEN CORPORATION
formerly Eister Electric Corp.
534 39th Street, Union City, N. J.

FOR SALE—TRANSMITTER

Used as 500 watt experimental Television Trans-
mission—Can be easily modified as 1000 watt
hroadeast transmitter (output now uses 4—833
tubes). Kxcellent comlition. Complete with power
supply tuhes, meters, ete. Also other equipment—
four Baird (British) Electéon Multipliers, Cathode
Ray Tubes—Transformers, ete, Offers to
FS-294, KElectronics
330 West 42nd St., New York City

— November 1941
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AUDAX

“"RELAYED-FLUX"”
Microdymne

“The Standard by Which Others
Are Judged and Valued”

is replacing an ever-increasing
number of pick-ups on com-
binations and record-chang-
ers.—There must surely be a
reason for this.

The “RELAYED-FLUX” principle
makes possible a moving system
far beyond anything yet devised
. . . capable of reproducing all the
fine detail engraved at the original
recording — MICRODYNE bears
out the contention of scientists that
high-fidelity is possible only wlth a
Moving-Inductor system.

@ Flat within + 11,
over 10,000 cycles

® Vibratory momentum ex-
tremely low

® Absence of distortion

® lMigh stylus compliance

® Low Point-pressure

® Complete with special arm

With or without Jewel Point, the
sharp, clean-cut fac simile repro-
duction of MICRODYNE — regard-
less of climatic conditions —is a
marvel to all who have put it to the

only test that really counts . . .
the EAR test.

db te

Pickup List Prices
$11.50 (0 $198.00

HIGH FIDELITY CUTTERS
List to $150.00

WITHHI OUR COMPLIMENTS

A copy of “PICK-UP.-FACTS” is yours
for the asking. It answers many ques-
tions concerning record reproduction.

AUDAK COMPANY

500 Fifth Avenue New York City

“Creators of High Grade Electrical
and Acoustical Apparatus Since 1915”
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