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Y Our mechanized
Army must have

K 2 h ) ) = brains, but brawn still

g ~ counts. The big fellow
wrestling interminably with 155 millimeter
shells serves his greedy howitzer with the
broad back developed by endless months
of bone-tiring drill.

If it cannot take the jolts, vibrations,
concussions, and extreme atmospheric
variations of mechanized global war, the
best electronic fighting equipment in the
world is useless. Hearts of this combat
equipment — electronic tubes — have two
strikes against them from the start. Inher-
ently delicate and fragile by nature, still

they must be as rugged as the men who
depend upon them.

Bump, vibration, immersion, life, and
other punishing tests prove the mettle of
Hytron tubes before they leave the fac-
tory. More important still, results of
these tests form the basis for continual im-
provements in construction and process-
ing. Throughout manufacture —in stem,
mount, sealing-in, exhaust, aging, basing,
and test departments — ergineers, fore-
men, and skilled operators are cease-
lessly striving to achieve in Hytron tubes
not only the tops in electzonic perform-
ance, but also the peak of dependable
stamina which combat demands.

ANOTHER
WAR BOND
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Is is the new ARHCO plant. Incorporating

more than 60,000 square feet of space, it was planned and
designed for today’s urgent production schedules. Marking
another milestone in our successful 21-year growth, it pro-
vides even better facilities for research, engineering, manu-
facturing and delivery.

Out of this new ARHCO plant come over two thousand
individual components . . . each one doing a big job in
radionic and industrial applications. Moreover, we are
equipped to produce special parts from your blueprints,
Quotations and advice furnished upon request,

Put more dollars te work . . . tell the Boys
your mean it by buying more War Bends today

“s» ° MT. VERNON, NEW YORK

MANUFACTURERS OF SHORT WAVE « TELEVISION. « RADIO o+ SOUND EQUIPMENT

COMMUNICATIONS FOR FEBRUARY 1944 e
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e See...

IN THE POSTWAR ERA OF CHINA, RADIO
is destined to become a great industry,
according to T. M. Liang of the Chin-
ese Supply Mission. In his recent
IRE address, he pointed out that
probably a thousand broadcast stations
will be required, and a peak output
of not less than five-million receivers a
year will be necessary. At least nine-
thousand marine stations will also he
needed, he said.

This tremendous program will re-
quire American manpower and mate-
riel help on a vast scale, he empha-
sized.

In this plea for assistance, he said,
“To those of you who in the postwar
period will come to China and work
with us in the fulfillment of our goal,
the rewards will be great. Great not
only in the achievement that you will
have accomplished, but doubly great
in the role you will have played in
bringing the light of modern civiliza-
tion to an aspiring people.”

FROM THE MATERIEL COMMAND OF THE
AaF in Chicago comes a notice that
should be of interest to many. Says
the notice . . . “Raw and fabricated
materials, standard parts, motors, hard-
ware, fabrics, precision tools, equip-
ment, and other surplus stocks are be-
ing offered for sale by the Army Air
Forces. Companies interested in such
materials, and who are desirous of
having their names placed on the ac-
tive bidders list, are invited to write
to the Army Air TForces, Materiel
Command, Midcentral Procurement
District, 111 West Jackson Boulevard,
Chicago 4, Illinois; attention: Redis-
tribution & Salvage Section.”

WITH THE ELECTION OF JOHN H. RYAN
as NAB president, and the appoint-
ment of E. K. Jett as FCC Commis-

sioner, the industry has gamed two

sterling administrators, who know
radio.

Welconie, gentlemen !

IT WILL BE CHICAGO AGAIN FOR THE
¥aB annual meeting. The place . . .

Palmer House . . . and the dates . . .
August 28, 29, 30, 31.

Including Television Engineering, Radio Engi-
neering, upication & Broadcast Engi-
neering, The Broadcast Engineer. Registered e _ __

U. 8. Patent Office.
Member of Audit Bureau of Circulations.
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When building their own

i

e

testing equipment. . .

=

Most delicately aftuned of all equipment is that
used by a manutacturer in testing his products. '

Many fine names insist upon DeJur precision instru-

4 6

7
DC MILLIAMPERES "©

MR25WOOIDCMA

ments when huilding such equipment. For example,

the oscilloscope used in the laboratories of the
: . MODEL 5-310

Electronic Corporation of America incorporates one

of the various meters bearing the Delur trademark.

&

i : U L i
That Delur instruments are “preferred stock” may

&

‘be traced to Delur accuracy, dependability and
long life. Refinements in design and construction,
growing out of 25 years of distinguished service
in the electrical field, give our meters certain defi-
nite adventages which become immediately appar-
fent upon application. A DeJur engineer will be glad

<
|

to assist you . . . whether for your wartime or peace
i et e : g e

T

time program.

o DeJurAmsco (orporation

Wer .. . Buy More MANUFACTURERS OF DeJUR METERS, RHEOSTATS, POTENTIOMETERS AND OTHER PRECISION ELECTRONIC COMPOMNENTS
Vifar Bonds SHELTON, CONNECTICUT

MEW VORK PLAMF: 99 Hudson Street, New York 13, N. Y. * (ANADIAN SAI.ES OFHCE: 560 King Street West, Toronto

COMMUNICATIONS FOR FEBRUARY 1944 & 3
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History of Communications Number Two of a Series

COMMUNICATIONS BY ROMAN POST RIDERS

'MODEL
1700-UB

In the early days of the Romans and Phoenicians the fastest means of
communication was the post riders, who carried news and War dis-
patches from the battle front. As fleet as their horses might have been,
their speed does not begin to compare with electronic voice communi-
cation. The twist of a dial and the pressing of a button—in the flash of a
second the message comes through. Clear cut speech transmission with
Universal microphones reduces error and expedites the delivery of the
message.

Today Universal microphones and voice communication components
are being used throughout the world on every battle front filling a vital
need and “getting the message through.”

& Model 1700-UB, illustrated at left, is but one
of several military type microphones now avail-
able to priority users through local radio jobbers.

UNIVERSAL MICROPHONE CO., LTD

INGLEWOOD, CALIFORNIA

fesEi

TF

FOREIGN DIVISION: 30} CLAY STREET, SAN FRANCISCO 1}, CALIFORNIA - CANADIAN DIVISION: 560 XING STREET WEST, TORONTO 1, ONTARIO, CANADA

4 ® COMMUNICATIONS FOR FEBRUARY 1944
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A New Design That Puts
More Instrument into Less Space

These new, internal-pivot instruments were developed to fill a vital
need—particularly in the radio and aircraft fields—the need for com-
pactness. They are thin—in most ratings, less than 1 inch deep.

More important is the way their thinness was achieved. In the
sketch below, see how the pivots are solidly anchored to the inside
of the armature shell so they cannot work loose. The moving parts
are permanently ahgned with stationary parts by bolting the core
assembly to a one-piece cast-comol magnet. s

Other features are: large-radius pivots, high torque and good damp-
ing, lightweight moving element, and ample clearances. Added up,
they give you an instrument well able to withstand vibration and
hold its rated accuracy, one that is fast on response and easy to read
accurately—a design that packs all-round fine performance in a small
space. ‘

For ratings, price, and dimensions, ask our nearest office for Bulletin
GEA-4064, which covers instruments for radio and other communica-
tions equipment; or Bulletin GEA-4117, which describes those suitable
for naval aircraft. General Electric Company, Schenectady, N. Y.

Invest in
your future
BUY WAR BONDS

Y
Y I

jewels,
self-

COMMUNICATIONS FOR FEBRUARY 1944 o §
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KEEP SENDING THOSE LETTERS!

“Bill Halligan says that all the contest entries he’s received so
far have been swell—he wants more letters tellin’ about actual
experiences with all types of Radic Communications equipment
built by Hollicrafters including the SCR-299}"

RULES FOR THE CONTEST

Hallicrafters will give $100.00 for the best letter received during each
of the five months of November, December, January, February and
March, (Deadline: Midnite, the last day of each month.)

For every serioys letter received Hallicrafters will send $1.00 so even

if you do not win o big prize your time wili not be in vain.

Your letter will become the property of Hallicrafters and they will have
the right to reproduce it in a Hallicrafters advertisement. Write as many

lefters as you wish. V-Mail letters will do.

Military regulations prohibit the publication of
winners’ names and photos at present . . . monthly
winners will be notified immediately upon judging.

BUY MORE BONDS

hﬂ“il: l
THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO
AND ELECTRONIC EQUIPMENT, CHICAGO 186, U. S, A,

C
OMMUN]’C'ATIONS FOR FEBRUARY 1944
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ET YOU

4, \RON
TORS,
g RESIS
prxED AND VaRIEYS supt S pRTEIES
MO

cownEs; AINLA

Complete catalog listings, dimension diagrams
of every unit, up-to-the-minute engineering data
on fixed and variable resistors for radio and
other electronic uses, iron cores of all types,
and inexpensive slide, line, and rotary-action
switches, . ..

That's the story of this new 36-page Stackpole
Electronic Components Catalog, just off the press.
Write, wire or ask your Stackpole District Engi-
neer for a copy today. Please ask for Catalog R6.

'HESE ELECTRONIC DIVISION ENGINEERS TO SERVE YOU

C‘HICAGO,‘I L. INDIANA, SO, ILLINOIS LOS ANGELES, CALIFORNIA PHILADELPHIA, PA.
A. A. Woods, €43 Roscoe 51, and EASTERN IOWA H. A. Lasure, 2216 W, 11¢th S¢. J. R, Benge, 6710 Hollis 5¢.

C. R. Booth, 340 N. Michigon Ave.,

CINCINNATI, OH!IO . MINNEAPOLIS, MINNESOTA
H Chicago PLAINVILLE, CONN.
Wm. C, Laing, 3233 Lambert Place 1.2';.8"!:::?;2: g;:cr:epuny Karl Dorn,iah, 105 Farmington Ave.
DETROIT, MICHIGAN KANSAS CITY, MO,
J. E. Vollmer, 18310 Pennington Maury E. Bettis, Mir's. Exchonge NEW YORK, N, Y. TORONTO, ONT,, CANADA

Drive Bidg. Joseph Sprung, 254 W. 37st S¢. A. A, McQueen, 204 King $¢., Eas?

STACKPOLE CARBON CO., ST. MARYS, PA.

ELECTRONIC COMPONENTS

COMMUNICATIONS FOR FEBRUARY 1944 o 7
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Police radio installations have for some years de-
pended on the Browning Frequency Meter for
help in determining the accuracy of fixed-frequency
operations. Police departments have found this
unit economical to buy, easy to operate, and
ruggedly built. Other emergency services have
also found this product of Browning Laboratory
research to be an asset. Full details are avail-

able in literature sent upon request.

Another product of Browning Laboratory research is the
balanced-capacitance Browning Signal System for plant
protection without armed guard patrols. Descriptive liter-
ature is available on request.

www americanradiohistorv com
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JENSEN RADIO MANUFACTURING COMPANY

9

NICATIONS FOR F

COMMU

www americanradiohistorv com


www.americanradiohistory.com
www.americanradiohistory.com

e

i R

-what’s in a /,/dlllt?

It All Depends on Past Associations and Present Circumstances

There’s plenty in a name —
when it’s the familiar trademark
of an old employer, and a man
runs across it thousands of miles
from home.

It means a lot to him then, be-
cause he knows first-hand of the
skill and experience that went
into the manufacture of the pro-
duct, of the inspections that it
went through before it was judg-
ed worthy to wear that trademark.

WA

And then he realizes what that
name represents—the pride of a
manufacturer in a product, confi-
dence in the future of the enter-
prise. The trademark becomes a
symbol of opportunity for the
day when men will resume their
places once again in a peacetime
world.

That's what's in a name—a re-
minder of the past and a promise
for tomorrow.

CORPORATIONS, INC.

N EWARK,

PRODUCTION FOR VICTORY

www americanradiohistorv com
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the amateur is still in radio...

All through the development of radio communications you'll find the
mark of the radio amateur, His desire to accomplish the seemingly im-
possible and the rough treatment he gave his “ham rig” helped create
and develop better radio technique. Thus the radio amateur is directly
responsible for much of the superior radio and electronic equipment
being used by the military services today. Eimac tubes, created and de-
veloped in the great amateur testing ground are a good example. They
had to possess superior performance capabilities in order to become
first choice of the leading radio amateurs.

Their ability to withstand momentary overloads of as much as 600%
and their unconditional guarantee against premature failures due to
gas released internally are two potent reasons why they are today first
choice of the leading electronic engineers
throughout the world.

Today the radio amateur is off the air as an am-
ateur but he’s still in radio as a professional. And
wherever he is...in the army, navy and marine
corps...in the great electronic laboratories and
factories .. he’s still using Eimac tubes.

EITEL-McCULLOUGH, Inc., SAN BRUNO, CALIF.

Planis ot: Salt Lake City, Utah and San Bruno, California

Export Agents: FRAZAR & HANSEN, 301 llay Strees,
San Francisco, Caltfornia, U. . A.

Follow the leaders to

www americanradiohistorv com
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At war's end, IRC will be prepared to furnish
ample quantities of resistors of #ll rypes to meet
Industry’s post-war needs.

That these IRC units will be available on a
mass production basis is due to the fact that, in
meeting war requirements, we have developed the
Nation's largest resistor plant using the most
improved and efficient types of specialized equip-
ment.

ENGINEERING HELP FOR YOU

At your service on any resistance problems in-
volved in your peacetime product design plans
is our Engineering-Research staff. You
may be assured that all projects dis-
cussed with this department will
be held in strictest confidence.

&

P

® COMMUNICATIONS FOR FEBRUARY 1944
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FEATURES OF IRC WIRE WOUND
POTENTIOMETERS (TYPE W)

1. Tight uniform winding on specially processed
bakelite,

2. Uniform contact pressure which can be ad-
Justed to meet application requirements.

3. Welded resistance wire terminations.

4. Only one wiping contact-clock spring between
center terminal and contact arm.

5. Designed for maximum stability under con-
ditions of vibration and shock.

£ %, 6. Available as duzls and triples in
combination with composition
controls.

<
S

www americanradiohistorv com



www.americanradiohistory.com
www.americanradiohistory.com

‘ PERFORMANCE STABIEITY In a tube is
something you normally expect and
take for granted today.

But in ultra-high-frequency tubes,
stability becomes a problem.

For example, a few years ago instability
in an experimental uhf tube was traced
to grid emission. RCA engineers knew
that platinum on the grid would reduce
grid emission to negligible amounts, but
the problem was how to apply the plati-

num successfully.

The method first tried — platinum
plating—did not fll the bill. There was
too much uncertainty in the plating
process, and the best efforts of our engi-
neers in trying all kinds of baths, con-
cocting new ones, developing quick test
procedures, failed to sclve the problem.
More tests. More months. “Try other

metals. .. try sandwiching nickel between

of I[m]y

platinum . . . try drawing it cold, then

hot, instead of swaging it.”

At last they had it: a drawn platinum-
clad molybdenum grid-wire — the “moly”
base for strength and heat conductivity,
but sheathed in platinum to prevent
grid emission. This combination worked
so well that RCA’s process was immedi-
ately made available to the entire indus-
try, at the suggestion of the Services

and the War Production Board.

Next time you look at an RCA-829-A,
RCA.829-B, or an RCA-832.-A, notice the
very fine grid wires inside— wires that
measure only a few thousandths of an

- New Revised Guide

For a FREE copy of
the recently revised 74-
page illustrated RCA
Guide for Transmit-
ting Tubes which in-
cludes special charts
for air- and water-
cooled transmitting
tubes, cathode-ray, special, and photo-
tubes, write to RCA, Commercial En-
gineering Section, 591 South 5th St.,
Harrison, New Jersey.

COMMUNICATIONS FOR FEBRUARY 1944 e I3
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temperature.

-Photomicrograph of cross-section of platinum-
clad mul’ybﬂenum wire, enlarged 350 diameters,
developed by RCA to provide better grids for
uh{ tubes. The sample, taken from a tube after
operating 1,000 hours at full rating, shows how the
platinum sheath still protects the molyhdenum core.
The core shows the erystalline strueture characteristic
wire which has been operated at high

Operator making
photomicrograph
of grid wire. Photo-
micrographs are one of
themethodswhich RCA
engineers use in their
continuous search for
hetter tube performance
for the ultimate user.

BUY MORE WAR BONDS

inch in diameter. Then, think of the
technical skilland “know how™ required:
first, to draw the original Y4-inch rod,
including platinum sheath, down to so
small a diameter and, at the same time,
maintain a layer of protective platinum
only a few ten-thousandths of an inch
thick on it, then to fashion it into grids,
and finally to assemble the grid inside a
tube to deliver what you expect as a
matter of course...stable operating per-
formance throughout the life of the tube.
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1T, TOO, HAS WEIGHT

inwisibl

callod
SERVICE

N any product, Quality is the first consideration. But
beyond that — invisible yet highly important — is
Service.

The Stewart Line gives you the assurance of outstand-
ing Quality, both in material and fabrication. And, over
and above Quality, it gives you a Service that interprets
and meets your individual needs.

Stewart Service is the friendly voice at the other end
of your phone. It is the intelligent answer to your inquiry.
It is the engineering experience that helps you to work
out your problems. It is the co-operation that gets fast
action when you are in a jam. Lastly, it is efficiency and
promptness in shipping your orders.

Stewart SERVICE—invisible, yet a thing of tremendous

weight on the scales of business, particularly under War-
time stress—put it to the test!

STEWART STAMPING COMPANY
621 E. 216th Sireet New York 67, N. Y,

if & COMMUNICATIONS FOR FEBRUARY 1944

We carry hundreds of
items in stock to meet
practically every instal-
lation requirement.

Odd shaped pieces
stamped and formed
from strip or wire on
high speed machines.

Our Tool Room is equip-
ped to make dies for
your special needs.

HOT TINNING
NICKEL, CADMIUM,
SILYER AND
ZINC PLATING

Al pieces can be furnished
in any desired finish,

Send for samples and quota-
tions. Lef us have your blue
prints  and  specifications.
Ouick Respouse to Inquiries,

www americanradiohistorv com
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ANDREW Coaxial Cables for the.famous HALLICRAFTERS SCR-299

ANDREW Coaxial Cables are standard equipment on the Hallicrafiers-

built SCR-299: the mobile communications wnit that is doing such an
outstanding job on the fighting fronts. It is highly significant that
ANDREW Coaxial Cables were chosen as a component of this superb

communications unit.

The Andrew Company is a pioneer manufaciurer of coaxial cables and
accessories. The facilities of the Engineering Department are available

to users of radio transmission equipment.

DRY ATR PUMP

ANDREW CO.

”S %?RJ‘ %é é- a e & i
. e

_ ““;.eﬂ.ﬁxm&l- MBLES, The Andrew Company is now able ta supply smnﬂnrd 70 ohm
o % soft. Mrwper ou:_uaf cnhle in Iengihs up fo 4, 000 feet! The :ohie s electrically
woooidentical fo =¥|§|d cobles of equal size, but ha: Ihese extra advantages: the cable mny be:

vww o gucmlisd und benl h}r h,ur;ci, thus grauily s:mplifymg !nstuliahon, rm tonnadars, |unchan

i
a-.:i

: ydr - : :mﬂde CDCIJ(H'JI mbleg in udd:imn ta i'zovmg a mulfliude of ofher
%pgltmh&ns %’t dnes ahom 'IZD ceb:c f! of free air, reducmg hum}dﬂv e

P v%;xi =
.g@ :o_; = ~§v e éé“’_'c

’,'Iu The new Andrew giass |nsuTuied lermmai fs an out-
f sfnnd)mggdave!o_pmeni ihu! provides o 100% air- -tight, gas-tight system for gas filled
e ioukiq[ fcsbias ﬂ :@ena} deslgn that rmmmlzes shunt capocity makes this terminal

lha demez& opgrafmg frequqnty, ihe Andreu 1ype 899 verhcai cnnx:qi r:nlennc prowdes
on gﬁlcuan!«, easy-tosinstall, and mearpenmne half- wave«l‘ﬁid!ﬂmr in the frequency range
- frem 30 1o 2@3&@2 -Gﬂrgful englmarmg has utilized to ‘the utmost '?he well known

ad:m:ntngess qj 'ihe cwg:al vnfanmr aver othgr Iypms mf* verhcul ”h
"§ it W' “' :g
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.ﬁALI

Wivle: | "o ALONG THE PANAGRA ROUTE
i~ T CUENCA

is located AAC transmitting equipment -
at approximately 30 different points in
Colombia, Ecuador, Peru, Chile, Bolivia
. and Argentina— forming the 'nucleus of
: v o \ the radio navigation and communica-
A 1-1-‘% ‘E-"-.o* ? .-eoa* ] ~ tions system. '

AREQUIPA" [

: TAZLEARA-. « Dlosa
cHl'cm’(d"-'_

Panagra is today primarily devoting
its personnel and facilities to mainte-
nance of aerial lifelines between the
Americas, across which are speeding

" PO SUAREZ |
4 corumBa

‘l
ARTRELS A SAQ PAULOM—" RiO:DE  JANEIRO

. SALTA 5 ‘ . g
! men, mail and materials vital to the suc-
Srucuman |9, - .
Y, : cess of the democratic war efforts.
- CORDOBA
TODAY, the skill and: ex- RMENDOZA™
3 3 L g >
perience of the AAC Elec- "v,-,4 BUENGY

tronics and ‘Hydraulic.Di-
visigns are devored to serv-
ing a fghting "Ameérica.
However, AAC ‘engineers - |
are planning ahead for the
:great peacetime future
when new and improved
AAC produces will be ready £

to meet postwar needs.

AIRES

(Right): Type 500 Trans-
mitter as designed by AAC
for ‘Panagra. ‘Consists of
_multi-channel transmirting
eqiuipment, 1,000 watts
_each.channel. Two chan-
nels:may be-operated-simul-
taneously. Telephone and
.telegraph transmission. Fre:
‘quency range 250-550 KGC
Cand 1500:120000 KC,

AIRCRAFT

Q-UJ‘vJ—-p-ug (i Manufacturers of PRECISION

Burbank, Calif. Kansas
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AND OTHER COMMUNICATIONS EQUIPMENT

Dependable Operation Of Airlines And
Various Communication Services

Today, AAC transmitters and other AAC communications equipment play a

vital part in dependable operation of warplanes on the fighting fronts, as well
as airlines serving the war-busy Americans on the home fronts.

AAC Electronics Division has won distinctive leadership as one of the
country’s large producers of radio transmitting and receiving equipment. One
outstanding example of AAC communications engineering is the equipment de-
signed and built to meet the specified needs of Pan American-Grace Airways, Inc.
Consisting 'of a multi-channel 1,000 watt transmitter, this equipment is used by
Panagra for radio homing and communication purposes. It represents one of a
complete line of transmitting equipment for use by airlines or services having
similar communication needs.

At the present time practically all AAC facilities are devoted to war produc-
tion. However, your inquiries are welcomed now for commercial equipment which
can be supplied in limited quantities if adequate priority ratings are available.

AAC products in transport planes, cargo carriers, troop ships, bombers . . .
airport traffic net, police or other services where communications are crucial, can
be depended upon as expertly engineered and built to the most efficient perform-
ance standards.

Products of
TRANSMITTERS « AIRCRAFT & TANK ANTENNAS ¢« QUARTZ CRYSTALS » RADIO TEST EQUIPMENT

. (Below) Panagra airliner delivers important
T cargo of mail and passengers, =

1 CCESSORIES UVORPORATION

AIRCRAFT EQUIPMENT + HYDRAULICS « ELECTRONICS
City, Kans. New York, N. Y. Cable Address: AACPRO
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The JAMES KNIGHTS Co.
SANDWICH, ILLINOIS
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NEW "9 LOW FREQUENCY STANDARD

Standard frequencies of 100c¢ps, 1 KC, 10 KC and
100 KC are supplied through a crystal controlled
oscillator and a series of frequency dividers of the
regenerative modulator type. The output of each of these frequency dividers
is made available separately through a low impedence output system. Thus
the -£p- Model 100A becomes extremely valuable for production test work
because the single instrument will provide standard frequencies at a number
of test positions. The output impedence is low enough that long lengths of
shielded cable can be used for distribution in the laboratory or test depart-
ment. Separate terminals are provided as shown in the block diagram.

Make accurate interpolation measurements and standardize such meas-
urements to a high degree, calibrate audio equipment accurately and make
many other useful tests and measurements with this Model 100A Frequency
Standard. Get the complete details on this new -5p- instrument today. Also
ask for the fully illustrated -sp- Catalog which gives you much valuable
information about electronic instruments and how to use them. Write today
for yours. .. there is no obligation whatsoever.

HEWLETT-PACKARD COMPANY

662 BOX 662 STATION G, PALO ALTO, CALIFORNIA

www americanradiohistorv com

I 12 XC BUFFER
CRYSTAL CONTROLLED ] 100 KC
OSCILLATOR AMPLIFIER
TERMINAL AT
REAR OF
=T CHASSIS
FREQUENCY |
bivioer  —— PUFFER 10 KC
191 AMPLIFIER o TERMINAL AT
REAR OF
= CHASSS
FREQUENCY
DIVIDER BuFrer e 1 KC
1671 AMPLIFIER TERMINAL AT
I REAR OF
= CHASSIS
FREQUENCY
Diviber | BUFFER 100 CPS
1oy AMPLIFIER TERMINAL AT
REAR OF
— CHASSS

SELECTOR SWITCH AND

TERMINALS ON FRONT _r"
PANEL L
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Eloctns-Vrice MICROPHONES

are standard equipment with
the HALLICRAFTERS SCR-299

OTHER ORIGINAL ELECTRO-VOICE MICROPHONES SERVE IN EQUALLY
VITAL COMMUNICATIONS FUNCTIONS OF OUR WAR PROGRAM.

THE DIFFERENTIAL MICROPHONE . . . the famous Model T-45

“Lip Mike' is one of the more recent exclusive Electro-Voice
designs, developed in its present form with the close collabora-
tion of the Fort Monmouth Signal Laboratories.

Buitders of war equipment may secure addifional information concerning these and all other.
Electro-Voice developments. However, if limited quontity needs may be filled by any of our
Standard Medel Microphones, with or without minor modifications, we suggest that you contact
your local radio parts distributor. His knowledge of our products will be of invaluable aid in
helping you solve your problems. He can alse be an important factor in expediting smaller
orders. NOTE: Any model Electro-Yoice Microphone may be submitted to your local supplier
for TEST and REPAIR at our factory.

ELECTRO-YOICE MANUFACTURING CO., INC.
1239 South Bend Ave. * South Bend 24, Indiana
EXPORT DIVISION : 13 EAST 40th ST, NEW YORK 16, N. Y. —U. S.A. CABLES : ARLAG
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One of the world’s mdsterpieces
in marble —"'The Kiss"', by the cel-
ebrated French sculptor, Auguste
Rodin (1840-1917), creator of the
famed and familiar “The Thinker".

takes more than machin
t‘:rrmir- ,tuh{-' i '3L i’ul‘ii* may be bri

he nn-bot ter in pe-*rf-orma.n_t_-.e.Lh. n.
of the la.mda ﬂmt ass .' h‘iee'l it. ..

terplece. Into ltS zrmlmfm:ture ]1'1 af
perfect hand workmanship which is the counterpart
of its perfect design '
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.+« YOUR 4'I'H WAR LOAN QUOTA

" THETHER your plant meets its quota, or fails, lies

largely in your hands. Your leadership can put

it over—but if you haven't already got a smooth run-

ning, hard hitting War Loan Organization at work in
your plant, there’s not a minute to lose.

‘Take over the active direction of this drive to meet
—and break—your plant’s quota. And see to it that
every one of your associates, from plant superintend-
ent to foreman, goes all-out for Victory!

To meet your plant’s quota means that you'll have
to hold your present Pay-Roll Deduction Plan pay-
ments at their all-time high—plus such additional
amounts as your local War Finance Committee has
assigned'to you. In most cases this will mean the sale
of at least one $100 bond per worker. It means hav-
ing a fast-cracking sales organization, geared to reach
personally and effectively every individual in your
plant. And it means hammering right along until
you've reached a 1009% record in those extra $100
—or better—bonds! -

LET’S ALL ,
gACK THE ATTACK!

And while you're at it, now’s a good time to check
those special cases—~growing more numerous every
day—where increased family incomes make pos-
sible, and imperative, far greater than usual invest-
ment through your plant’s Pay-Roll Deduction Plan.
Indeed, so common are the cases of two, three, or
even more, wage-earners in a single family, that you'll
do well to forget having ever heard of '10%,’ as a rea-
sonable investment. Why, for thousands of these
‘multiple-income’ families 109, or 15%, represents but
a paltry fraction of an investment which should be
running at 25%, 50%,, or more!

After the way you've gone at your wartime pro-
duction quotas—and topped them every ime—you're
certainly not going to let anything stand in the way of
your plant’s breaking its quota for the 4th War Loan!
Particularly since all you are being asked to do is to
sell your own people the finest investment in the
world—their own share in Victory!

This space contributed to Victory by

COMMUNICATIONS

This is an official U S Treasury advertisement—prepared under auspices of Treasury Department and War Advertising Counc:l
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Symbolic of modern electronic equipment—
these human senses amplified and extended to
limitless range . . . thru fog and smoke . . . be-
yond the limits of normal sight and hearing . . .
our fighting forces now SEE and HEAR at dis-
tances and under.conditions that amaze the un-
initiated. Such are the remarkable ac-

complishments of a war-inspired 2
American Electronic Industry. &

~ the seeing ear

) Q\“\Y\dustfy fo b@

Censorship shrouds the Seeing Ear in secrecy
but . .. in tomorrow’s day of peccetime pro-
duction G. I. will adapt its share of Seeing Ear
developments to new products and to modern-
ization of its pre-war products. Many of these
new ideas will have direct applications in

our Record Changers—Variable Con-
““f’/;% densers—Push Button Tuners—and

% other products.
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Who Said The “Ham” Is Finished?

HERE have been rumors to the effect that the radio

Amateurs were going to be denied their old frequency bands,
and given new bands of such high frequency as to be useless
for medium and long distance communication.

Some rumors say “Remember the last War? We are go-
ing to get the same treatment this time!”

Now, we don’t believe the “Hams” should be denied their
rightful place on the air in bands suitable for communication
beyond the horizon — — and further, we do not believe that our
Government would want to see those privileges denied.

Are not the “Hams” fighting on many battlefronts, work-
ing in war factories and laboratories for a New World wherein
the individual will be able to live and enjoy his hobbies, his
church and other personal freedoms which go to make up a
healthy, happy world?

It is well-known among Government officials whose task"
it was to build our great war-time communications system that
from the rank and file of amateurs came executives, instructors
and thousands of engineers and operators. Without this
nucleus of experienced men, it would no doubt have taken a
much longer time to reach the present high degree of perfection
in the communications branch of our fighting forces.

In every emergency Amateurs have proved their ability
and willingness to come to the aid of their Country -- who
would be so unjust as to want to deny them their small place
in the radio spectrum? We do not believe these rumors that
the “Ham” will be denied his privileges, we believe rather that
those who speak so much of justice coming out of this war
will see to it that the Amateur receives his just reward.

The entire radio industry knows well, and appreciates the
many contributions “Hams” have made for the advancement
of high frequency radio communications, and surely they too
can be counted on to assist the “Ham” in regaining his privi-
leges when the right time comes.

HAMMARLUND MANUFACTURING CO., Inec.
460 West 34th Street, New York 1, N. Y.
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LEWIS WINNER, Editor

'COMBINATION A-M/F-M DETECTO

Versatile Limiter-Detector

Responding to Either F-M

or A-M Signals For Receiving

and Transmitting er Ceontrol

Purposes Where Simplicity,

Size, Cost and Absence of

Adjustment are Important

by FREDERICK C. EVERETT

Engineer, Radio Facilities Group, NBC

REREELIERER R

HE detection of irequency-
modulated waves requires an
arrangement of tubes and asso-
ciated equipment that is quite for-
midable. For we have the limiter,
discriminator and associated trans-
formers and networks.
Tt is true that complexity has not
been a deterrent to development and
application. However any simplifica-

tion is desirable, particularly for the-

combination a-m/f-m receivers that
will be made in the future. In addi-
tion, system simplification in mobhile
and portable equipment, where i-m
has found wide acceptance, can be
helpful too. Size, weight and current
drain can thus be controlled more ef-
tectively.

A reduction in the components used
appears to offer a way to provide such
simplification. A system that may
represent a step in that direction is
presented in this paper. It provides
in one tube . . . a duplex diode triode

CIRCUIT DESIGN

A-M/F-M detector re-
moved from chassis.
Cathode coil, plate by-
pass, diode load resistor,
diode bypass and avc re-
sistor are visible.
™

. . the functions of an a-m detector,
f-m detector, limiter, discriminator
and in addition, also provides auto-
matic volume control.

Diode-Triode Detector Cireuit

. Let us take the diode-triode detector
circuit shown in Figure 1 for analysis,
Then let us redraw that circuit as
shown in Figure 2. If we can cause
amplitude modulation to take place
in the cathode circuit, we know that
the diode will act as a detector of the
wave and provide an audio output
corresponding to the envelope of the
amplitude modulated wave. The tri-
ode portion of the tube 1s shown
separately in Figure 3. We see here

that the triode is cathode coupled to
the diode and that the ouwtput voltage
which is applied to the diode 1s E..

Equation For Gain

Representing the tube in Iigure 4,
by the convenrional method of sub-
stituting a fictitious generator with a
voltage wE, and an internal resistance
R,, and taking the a-c plate current
flowing to the plate, it becomes ap-
parent that the following is true.

Eg — Ei + Ek (1)
Fi=E, —E. =FE,—1. % (2}
since B, =1, %« (3)
vE,
and I, = — ——— (4)
Ry + %«

(Gain represents the ratio of output
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1¢ input voltage.

Thus

- .J°I":
—‘%x
IDN I, Z. R, + &
gain = — = =
E E. L% wE,
Eu+ 'zk
R[,+7k
V8 %k
Rp + Zx + W 7y
w A
= (3’

Rw+gk(1+1*)

This is the equation for the gain
of the cathode-coupled amplifier and
is thus shown to approach toward
unity if Z, becomes sufficiently large
compared with the plate resistance.
It can also be noted that the value of
gain changes very slowly with vary-
ing values of Z,, (Figure 4a).

If the tube is operated as a class .1
amplifier with correct grid bias, and
the grid is not allowed to swing posi-
tive, it is obvious that the above an-
alysis is valid. An inductance is con-
venlent to use as the cathode im-
pedance, since parallel tuning the
cathode load to resonance to increase
the impedance, will cause very little
change in gain. And a resistance
here would bias the diode when a
common-cathode dual-purpose tube is
used.”

Under these circumstances anv
amplitude-modulated wave will be re-
peated 1n the cathode circuit and de-
tected in the diode circuit, (Figures 1
and 2). The advantage gained over
the conventional circuit is lack of
loading of the tuned circuit, which
provides increased gain and selectiv-
ity, attributes often sought after in
conmmunication-fype  receivers,  at
least.

From the standpoint of distortion,
the circuit has advantageous features.
The triode can handle considerable
power. This is further enhanced by
its degeneration. Thus regulation is

25 e

Figures | {top, left),

2 (top. right}, 3 .

{center, right), 4-4a
{centerandbelow) A
diode-triecde detec-
tor circuit appears
in Figure |. In Figure
2 appears detector
circuit of Figure |
redrawn to show how
diode is energized.
Figure 3 shows a-c
circuit of the triode
portion of the tube,
the cathode voltage
being applied to the
diode. In Figure 4
equivalents from
Figure 3 are substi-
tuted. Figure 4 {a)
shows a plot for
gain versus cathode
foad for cathode
coupled amplifier.

GAIN VS CATHODE LOAD FOR

CATHODE COUPLED AMPLIFIER

GAIN

N W R 9 @O

12 3 4 5 ¢6

] [ 1 g i L1 e
7 8 9 01 12 13 14 15 16 17 18
CATHODE LOAD x10°
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very good. Distortion is accordingly

prevented as the diode swings far
positive with large percentages of
modulation. Further, some non-linear-
ity caused by curvature of the diode
near cut-off is reduced because the in-
put conductance to the diode is low.
Thus the negative and positive peaks
are less subject to distortion with high
percentages of modulation.

With very slight modification, con-
sisting only of changing the applied
d-c electrode voltages, the circuit can
also hecome useful as a {frequency
modulated detector, removing ampli-
tude modulation (noise}, changing the
i-m to a-m and demodulating.

If the triode section of the detector
has its plate and grid voltages re-
duced to a very low value, the plate
current will saturate with low input
voltages and anyv further increase in
grid voltage will cause no further in-
crease in a-c plate current. This is

®

Figures 7 (below) and 8 {right)
Figure 7, an approximate reactance curve of cathode inductance.
represents the complete f-m/a-m detector.
Ri, diode load resistor; R: plate voltage dropping resistor: Ra, grid-leak resistor for §
f-m bias; Rs, Rs, avc load and filter resistors; Ci, dicde r-f bypass; Csz plate bypass}
condenser; C, grid condenser for f-m: Ci, C-bias filter condenser; Cs, avc filter con-

an idealized reactance curve of cathode inductance.

Figures 5 (left) and & (top)
Figure 5 shows a frequency modulated detector. Figure 5,

Yaria-

tions in frequency can be seen to cause reactance variations
and thus variations in the voltage across the coil.

the action commonly desired in a
limiter circuit and it can thus be seen
that this action is similar. Amplitude
variation are thus eliminated.

The assumptions made for the class
A case no longer hold good. The
values for R, and p have no mean-
ing and the wvalue of T, as given in
equation 4 no longer holds. Rather,
[, becomes a constant as far as ampli-
tude variations are concerned. There-
tore the amplitude variations of a-c
through the inductance in the cathode
circuit do not exist. However, equation
3 still holds good and if the impedance
in the cathode circuit is an inductance,
its reactance is 2zfl.. The voltage de-
veloped across the inductance will he
Fe= I, Xo (3

=1, 2=fL (6)

Thus any variations in frequency will

L J
cause corresponding changes in the
voltage across the cathode inductance
and since the diode circuit is con-
nected across this cathode choke coil,
the resulting voltage amplitude varia-
tions will be detected. ‘
Let us now consider a frequency

modulated wave applied to the grid of
the tube. The amplitude variations will
be eliminated by the constant amplitude
of the plate current and the plate (or
cathode) current may have the form
I, = Asin (ot +asinat) (7)
where w = 27 times carrier frequency

g = Zr times mod. freq.

w
a =-—m
o
[§)}
m — = mi = freq, deviation.

T

{(Continued on page 94)

SWITCH
OPENF-M
CLOSED AM

-————

Figure 8§

denser; €Cs, audio coupling condenser; Zx, cathode impedance; Rp, plate resistance
of triode. These identifying data cover components in all diagrams in this paper.
73]
w
Q
o
k;() o .
o 3
b= :
w i il
O n
<{ W T
- T . '
o : :
> 2 = :
e i . SWITCH
L 4 - OPEN F~|
> e et CLOSED .
iis! i-f CarRiER FREG:: [N -
-4 O . e e 1
w 1 e ] SN DI S Aok s oSty 0 ot ks i IR o Sk 008 AR AN B 1 kARl s’
@ 9 10 i 12 13 14 15 16 (7 I8

FREQUENCY

CIRCUIT DESIGN

IN KILOCYCLES
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Highlights of Papers Presented By

Alexanderson, Lubcke., Smith, Wheeler,

W hinnery and J amieson, Edson

Al l i J et ¢t

M ¢

s ter, and

r I VHE accelerated interest in radio
was (uite evident at the annual
winter meeting of the IRE this

year, at the Hotel Commodore in
New York City. Over 1,700 engineers
and executives were present. And they
were well rewarded. For an unusual
array of engineering and administra-
tive papers were presented by members
of the industry and government.

Among the many outstanding radio
etigineering personalities in attendance
was the internationally famous Dr. E.
F. W. Alexanderson of General Elec-
tric. The importance of this rare ap-
pearance was further amplified by his
personal presentation of a paper on the
amplidyne system.

The paper, entitled “The Amplidyne
System of Control,” prepared by Dr.
Alexanderson in collaboration with M.
A, Edwards and K. K. Bowman, an-
alyzed the amplidyne from an appli-
cation approach. _

The amplidyne, said Dr. Alexander-
son, 1s actually an amplifier used for

COMMUNICATIONS FOR FEBRUARY

by LEWIS WINNER

Editor

power control. It is, he pointed out,
a two-stage amplifier incorporated in
one dynamo electric generator. The
first stage, he said, is from the control
field to the short circuit axis, while the
second is from the short circuit axis
to the load axis. Thus, he said, when
we apply a voltage to the control field,
there is a time delay before the cor-
responding current appears in a con-
trol field. A second time delay before
the voltage appears on the output ter-
minals thus results, he explained. This
second time delay, he said, is caused
by the inductance in the winding
which prompts the short circuit cur-
rent to lag behind the induced electro-
motive force.

In his analysis of voltage amplifica-
tion, Dr. Alexanderson discussed the
machine used in making tests. It had
a rotation frequency of 30 cycles: a
rating of 8 amperes at 250 volts. Dr.
Alexanderson pointed out that from
these data it is possible to predict the
amplification available at any fre-

Figures | [left) and
2 (right).

Figure 1, Dr. E. F.
W. Alexanderson
and the amplidyne
which he discussed
at the IRE meeting.
Figure 2 illustrates
the characteristic
time-delay proper-
ties of the ampli-
dyne.

1944
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quency. Amplification must, of course,
be resolved into voltage and current
amplification, he said. However, said
Dr. Alexanderson, the voltage ampli-
fication factor is the most important
of the two. He said that this ampli-
fication can be expressed by the sim-
ple formula

fo Be

P, p— -—

i
where f, is the rotation frequency, and
f the control frequency.

Dr. Alexanderson also analyzed
anti-hunting systems. Such systems,
lie said, may reduce amplification,
which is usually permissible. We may
effect a compromise, he explained,
whereby the amplification is reduced
for frequencies around 2 cycles and
the steady-state amplification remains
at full value.

In a discussion of the practical limits
of accuracy, Dr. Alexanderson said
that the limit of stiffness of the control

ENGINEERING CONFERENCE REVIEW
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‘DELAY -DE
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ASE

TiME DELAY - SECONDS
P

circuit is reached when a correspond-
ing natural period is a frequency where
the capacity impedance of the motor
circuit its equal to the inductive im-
pedance.

OCrfhicon Cameras

PAPER on “Orthicon Cameras
in  Television Studio Work”
was presented by H. R. Lubcke,

director of television of the Don lee
" broadcasting system, Hollywood, Cali-
fornia.

Mr. Lubcke pointed out that the
orthicon pickup tube has proved very
satisfactory, affording in some in-
stances improved results over the icon-
oscope. He said, for instance, that the
excellent light sensitivity of cameras
utilizing the orthicon. allows a reduc-
tion of incident light on the stage to

* YOLTAGE AMPLIFICATION =

z
Q
=
<
Q
B
s
0. .
s
<

CONTROL FREQUENCY- CYCLES PER SEC.

250-foot candles from the previous
value of 1,000-foot candles for the
iconoscope. With a fifty per cent re-
flection factor as from the face, he
said, a brightness of 130 footlamberts
is sufficient. This, he explained, cor-
responds to a Weston reading of 15.
And at the same time, he stated, a
greater depth of focus is realized.
This results, he said, from an allow-
able decrease in lens aperture from
{27 to 16.3 or better.

It is necessarv to adjust the orthi-
con camera carefully before the pro-
grain, pointed out Mr. Lubcke. Read-
justinentts during -the program should
be of limited scope, he said.

He showed that the elimination of
shading error allows striking presenta-
tion of lightly costumed actors against
velvet backdrops. Images thus appear
with greater realism  providing a

VOLT OUTPUT
V_OLT | NPU_T

3 T
CYGLES PER SEC.

ENGINEERING CONFERENCE REVIEW
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Figures 3 (left) and 4 [above)

In Figure 3 appears a plot of the time-

delay characteristics of the amplidyne.

Figure 4 discloses amplidyne voltage
amplification characteristics.

L4

roundness to objects rather than the
flat picture that often characterizes
iconoscope  pickup.  In discussing
lighting and makeup technique, he said
that the orthicon did not require an¥
different technique than the usual tele-
vision and motion picture procedure,

The Quantum Theory

DISCUSSION of “The ILimi-
A tations Imposed By Quantum

Theory on Resonator Control
of Electrons” was presented by Lloyd
P. Smith of Cornell University, who
is now temporarily with RCA as a
consultant.

Dr. Smith pointed out that when an
electron interacts with a high fre-
quency electromagnetic field, it does
not exchange energy with this field in
a continuous manner. The quantum
theory, he said, requires that the
energy change must occur in discrete
energy steps of one quantum each
where the energy gquantum is hu.
When the frequency is not high, he
said, these energy steps become very
small indeed (for v = 10° cycles per
second, hv = .004 microvolts). But,
he explained, the energy exchange

© takes place by a great number of small

successive steps so that 1t would ap-
pear to take place continuously.
Where the frequency becomes large,
he stated, this step-wise exchange
of energy leads to results which differ
irom those one would expect from the
classical electrodynamics. For, he

Figure 5

Resultant plot, when anti-hunt methods are
used in an amplidyne.
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said, at 30,000 megacycles the quan-
tum is 123 microvolts. Thus, the
electron volt energy of an electron
would have to change in steps of this
amount.

According to the quantum theory,
we cannot know specifically whether
under favorable condition an ex-
change of one quantum will take place
in a given interval of time, explained
Dr. Smith. We can only know, he
said, the probability that the exchange
will take place in a given time. This
of course leads us to suppose that it
will be possible for an electron to pass
through an excited resonant cavity
without having had its energy changed,
he said, even though from classical
congsiderations it would certainly have
experienced an energy change. This
phenomena, he explained, leads to a
certain lack of control of the energy
of a beam of electrons at high frequen-
cies and low resonator field strengths.

He pointed out that when the classi-
cally computed maximum energy
change that the electron can experi-
ence becomes comparable with a quan-
tum energy at a given frequency, about
one-half of the beam current would be
unaffected by the field in the cavity.
The implication of this with regard
to the control of electron beams in
h-f velocity modulation tubes is of con-

siderable importance, he concluded.

The Piston Attenuator

r I \HE development, design and ap-
plication of the “Piston Attenua-
tor” were covered in an interest-

ing presentation by Harold A. Wheeler

of Hazeltine Electronics Corporation.
The piston attenuator, said Mr.

Wheeler, was the forerunner of the

waveguide, bearing the same relation

to the waveguide as a ladder attenua-
tor bears to a highpass filter. In the
attenuation band, the electric and mag-
netic fields act separately. In the pass
band, however, he said, both fields are
interlocked in an electromagnetic wave.

Fifteen years of study and use have
gone into the development of the pis-
ton attenuator. In 1932, said Mr.

Wheeler, we built the first complete

signal generator using the coaxial pis-

ton inductor. In that design, he said,
the coplanar type of coupling discov-
ery was made, And in 1935 it was
used in a complete signal generator.
Mr. Wheeler's discussion covered
°

Figqures 7 (left, below) and 8 {right, below)

In Figure 7, a typical television set using

the orthicon cameras described by Harry

C. Lubcke of the Don Lee System. This set

is 100" x 60" x 30’ high. In Figure 8, four

scenes being prepared al Don Lee studios

for telecasting.
Y

.
Figure &
One of the quantum probabilities discussed
by Lloyd P. Smith in his paper on the
quantum thsory. From this plot we note
that the number of electrons that make a
transit without gain or loss of energy is
very appreciable at S, = 0.
.

the piston capacitor, coaxial piston in-
ductor, and the coplanar piston induc-
tor. He pointed out that the coplanar
piston inductor is the best type be-
cause it is more reliable for large at-
tenuation. A 32 db change in the
attenuation occurs in a circular cylin-
der when the piston is moved by a dis-
tance equal to the inside diameter, ex-
plained Mr. Wheeler. At high {fre-
quencies, he said, the movable pickup
coil becomes a small loop connected
with a flexible cable. And instead of
providing a primary coil, that end of
the cylinder may be mounted on the
side of a line or cavity resonator, he
explained, so that the cylinder receives
its magnetic field directly from the
cavity. A rack and pinion is ordinarily
used to drive the piston, explained
Mr. Wheeler, and a dial calibrated
directly in db is used.

The advantages of the piston atten-
uator, according to Mr. Wheeler, are
many, For instance, he said, it is a
primary standard of attenuation, since
it is determined by the dimensions of
the shield. In view of this, he said, °
the attenuation scale can be computed
in advance and need not be calibrated
by tests. In addition, he added, the
attenuator is mechanically and electri-
cally rugged.

Transmission Lines

ISCONTINUITIES in trans-
D mission lines were analyzed in
a paper by J. R. Whinnery and

H. W. Jamieson of General Electric.
Abrupt changes in outer diameter or
inner diameter or both diameters of a
coaxial line, or the change in height
of a radial transmission line demand
careful study. Such discontinuities
are common in power transmission and
measurement applications at ordinary
radio frequencies. However, pointed
out Mr. Whinnery who presented this
paper, entitled “Equivalent Circuits for
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Discontinuity in FTransmission Lines,”
these discontinuities are quite common
in the use of transmission lines as ele-
ments in resonant cavity type circuits
in the microwave region. The quan-
titative effects of the local tields about
the discontinuity at these highest fre-
quencies, said Mr. Whinnery, are
available by measuring. A class ot
discontinuities exist, however, for
which the equivalent circuit can be
predicted from theoretical considera-
tions, explained Mr. Whinnery. Val-
ues calculated for elements appearing
in such circuits were considered in
this paper.

Discontinuities in the simple ideal
parallel plane transmission lines were
discussed, with the identical equiva-
lent circuits being applied to the cor-
responding coaxial line discontinuities.

If transverse dimensions between
conductors are small compared with
wavelength, pointed out Mr. Whin-
nery, the discontinuity admittance is a
pure capacitance and a function only
of the geometrical configuration. Ii
the discontinuities are symmetrical
about a plane midway between con-
ductors, the values of discontinuity
capacitance are just half those for the
corresponding unsymmetrical problem,
he explained.

Explaining “reentrant” type discon-
tinuities at the bottom, Mr. Whinnery
pointed out that their equivalent cir-
cuit consists of three transmission lines
‘connected in series, the g, & and ¢ lines,
with a lumped capacitance shunted
across each line at the junction,

A series of curves made on coaxial
line discontinuities were presented to-
gether with experimental measure-
ments for verification. In one such
setup a resonator consisting of two
coaxial line sections with a discontinu-
ity of a third type was used, and ac-
cording to Mr. Whinnery, the meas-
ured value of resonant frequency
checked the calculated value including
the discontinuity capacitance within
1%, although this frequency was about
23% different from that calculated,
neglecting the discontinuity capaci-
tance. For the second setup, a com-
posite line was constructed. Measure-
ments were made in the centimeter
wave region, explained Mr. Whinnery,
thus serving not only as experimental
checks but as a means of studying the
effects of such discontinuities at high
frequencies.

Osciliators

N extremely thorough study of
oscillators was presented by W.

A. Edson, Bell Telephone Lahb-
oratories, Inc., in his paper on “In-
termittent Behavior in Oscillators.”

Discussing oscillators basically, he

(Continued on page 100)
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]
Figures 9 (right]
and 10 (below)

“In Figure 9, sche-

matic diagram of
lamp-stabilized  os-
ciliator discussed by
W. A, Edson in his
paper on "Oscil-
lators”.  Figure 10,
characteristics of a

single-tuned circuit.
®

[ ]

Figures Il {right)
and 12 (below)
Figure 11, the
Meacham circuit

discussed by Mr.
Edson. Figure 12,
characteristic be-
havior of a

Meacham bridge.
®
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SIGNS OF VOLTAGES a» CURRENTS

Il n

V acuum

T ube

Circ¢cuit s

N the study of vacuum tube theory,
I signs of voltages and currents, or,

to he more precise, the lack of
signs of voltages and currents appear
to puzzle many.

A correct determination of phase
angles can only be made if the quan-
tities the angle refers to are clearly
defined. It is, for example, right to
say that at mid-frequencies the phase
shift of a resistance-coupled single
stage amplifier is approximately 180°,
but it may be equally correct to say
that the same amplifier has a phase-
shift of approximately 0°, Since to-
day, phase angles are of almost the
same importance as amplitudes, the
correct determination of phase angles,
or the correct determination of signs
of voltages and currents, is an item of
major importance.

Discussion of signs generally poses
questions concerning fundamental tube-
theory, and in a case like this it is as
well to accept the procedure of study-

ing signs as they appear in a brief re-

wview of vacuum tube fundamentals.

The question of proper signs is a
serious one, causing difficulties not
onlv for students but for experienced
engineers. The present sign-conven-
tion, or rather sign-conventions, are
not ideal, and cause disagreement and
unnecessary confusion. This fact is
to some extent illustrated by two ref-
erences in the text, one taken from
the American and the other from the
Furopean literature. Many sugges-
tions to improve conditions have been
given in the past, nften with the aim of
eliminating obstacles in the way of the
student: obstacles which were acci-
dentally introduced in the early days
of developments. This paper does not
propose a particular sign-convention
for adoption, but merely points out the
fact that if we understand the signs,
and the necessity for signs, it is not
important which convention we adopt,
as long as we adhere strictly to it.
The conventions adopted should bhe
those which lead to the greatest econ-
omy of mental effort in following the
various processes represented bv the
chosen svmbols.

The Tube Coefficients

Let us consider the simple tube cir-

by H. STOCKMAN

Instructor of Physics and Communication

Engineering, Cruft Labhoratory, Harvard

Universty

cutt shown in Figure 1 (a) and (b),
for d-c and a-c¢ conditions. Tube ca-
pacitances are, for simplicity, neglected
and freedom {from grid current as-
sumed. The directions of the d-c
quantities in Figure 1(a) are indicated
by means of plus-minus signs and all
differentials counted in the directions
of the steady components® The tube
coefficients are here treated as numeri-
cal values (as in the practical field,
excepting ultrahigh frequencies) and
they are defined under static condi-
tions, i. e. with the electrodes firee
from loading impedances. Thus when
the circuit in Figure 1(b) is used for
determination of tube coefficients, it
may be considered open at the dotted
line, in which case E, is an applied
electrode voltage.

In many uses tubes with a single
control-grid may be considered to re-
spond linearly to variations in the
steady components e, In, €. This
means that with all grids except one at
fixed potentials, the grid serving as
control grid contributes a plate cur-
rent variation aAe. and the plate, a
plate current variation bAe,, a and b
being constants. By law of superposi-
tien the total plate current variation is
then

Alb,=aAe, +bAe (1)
Determining the coefficients a and &

as limits for A —ratios, ¢ may be de-
fined for Ae, =0 as

di,,
A= gn = — = transductance
de. | e,
(2)
Similarly, for A e. = 0,
di,
b=g, = — = plate conductance
de, | e

(3)

INotations without plus-minus signs (or single-
headed arrows) should be avoided. For rules
concerning signs in network calculations see
The Potentiometer Idea in Network Calculation,
IRE Proceedings, pp. 85; February, 1943.
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where

]

1/g, = r, = plate resistance

(4)

Further, for i, = constant,

.

deu
a/b=p—=— = amplification factor
de. | 1,
(3)
Thus
b= gm/Ep = Tp & (6)

Within the region of linearity the tube
characteristics will be straight, par-
allel, equidistant lines. A space model
of tube characteristics will show a flat
surface within the same region.

Equivalent Plate Circuit Equation

Definitions 2, 3, and 5 and equations
involving them must be read with the
circuit of Figure 1(a) as a back-
ground. Without voltage and current
directions the defined quantities are of
limited use for calculation.

It 1s of the greatest importance to
realize that equation / is not obtained
as a result of a derivation, but is an
assumption or agreement of value for
certain tubes in certain uses (distor-
tion-free amplifiers). Actually, the
numerical values of the coefficients a

cand b, or gw and g,, are in almost all

cases obtained from practical meas-
urements. Equation ! is therefore the
very beginning of the tube-circuit
theory, dealing with the tube as a
linear, passive, bilateral® circuit ele-
ment. Equation I is as well the end
of this theory. Written for variations
of sinusoidal form and in conventional
notation® it has the form ;

I, == gm € + g € (7)
or
lem|COS(At+Y):gm ‘ Eg'm |
cos (At+a) + g, | Epm |
cos (At+ 8) (8)

These three sinuseids have arbitrary
phase relations indicated by the phase-
angles v, a and B, measured from a
common reference. If the cosines in
equation & represent projections from
the three phasors* I,m, Eum, and E,.
on the real axis of an axis system in a
complex plane, equation § may be more
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conveniently written with complex
rms variables as
L=gank, +gE, (%

With Z, [, = — E, from Figure 1(b)
and r, gm = w from equation 4,
I, =wE/(r, + Z0) (1)

These equations are probably the most
important ones that can be written
down for the tube as a linear circuit
element. FEquation ¥ may be with ad-
vantage referred to as the tube equa-
tion. Written as equation 70 the tube
equation is widely known as the equizv-
alent plate circuit theovem, and will
here be called the EPC equation. The
ohm’s law in equation § yields the cir-
cuit diagram shown in Figure 2(a),
which circuit is equivalent to the plate
circuit of the tube. The series circuit
in Figure 2Z{(a) with the constant-
voltage generator “u E;/ may by
means of Norton’s theorem be trans-
formed to the parallel circuit of Fig-
ure 2(b) with the constant-current
generator “gn, E,.” This transforma-
tion could as well be obtained by direct
inspection of equation 9, which re-
veals that the current g. E; has two
branch components, [, (through the
load Z:,) and — g, E, (through r,, thus
shunting Z.). Another way of ob-
taining the transformation is to multi-
ply equation 10 by Z, and substitute
r, gm for m. Thus we obtain
Zyl,=E.=—E,
=rpZu/(rp + Zu) X gu By (11)
At this point it may be well to stop
and consider the signs. Although the
signs of the d-c quantities in Iig-
ure 1 are optional, they were chosen

2Bilateral means here independent of current
direction. A tube may only be bilateral under
restricted conditions (variations much less than
the steady wvalues).

SAppendix 3, end of paper.

i4The term phasor is used by AIEE and is
here preferred for wector, which in the antenna
and wave-propagation field, is used extensively
in the meaning space vector. The writer pre-
fers, however, the translation of the European
term for a fictitious rotating complex quantity,
namely pointer,

VACUUM TUBES

Figure !
Yacuum tube circuit under d-¢ and a-c
conditions with the directions of currents
and voltages indicated.

to satisfy the actual directions in the
physical circuit. Further, although
the directions of the differentials are
optional, they were chosen in the same
directions as the steady-state quanti-
ties. Finally, although the directions
of the a-c quantities are optional,
they were chosen to agree with the
signs of the differentials. But the fact
that any quantity may be given any
direction (if the equations are written
accordingly) is stressed by the intro-
duction of double notations for the
plate voltage, E, and E,, = —E,. The
voltage amplification, V. = A, in a
resistance-coupled amplifier may at
mid-frequencies be obtained from the
equivalent circuit in Figure 2 to

V=A=—uZ/(r,+7Z) (12)
and may equally well be written
Vo=A=wnZ/(r, + Z) (13)

V = A is used above in two different
meanings (the notation V = A is
sometimes inconvenient), as it repre-
sents E,/E; as well as E /E,. If one

Figure 2
Series and parallel form of the equivalent
plate circuit of the tube in Figure 1.

V = A notation is mistaken for the
other, an error of 180° results.

Single-Control-Grid Circuits

Let us consider the amplifier circuit
in Figure 3. It is of interest to cal-
culate the overall voltage-amplification
to amplitude and phase, i. e, the com-
plex ratio Er/E.. If, here, the volt-
ages referred to were introduced with-
out any sense of direction, a single-
valued expression for the phase-shift
in the amplifier could not be obtained.
It is true that an experienced engi-

neer may work out the phase angle

correctly without the aid of plus-minus
signs (or single-headed arrows), but
that is only because he keeps a sense
of direction somewhere back in his
head. Unfortunately his own secret
convention does not always check with
the convention of the student, to whom
he explains how to calculate phase an-
gles, The writer admits that under
certain conditions it may be sufficient
to state that the variational voltages
are counted positive with respect to
the chassis, but new agreements are
then necessary whenever voltages are
encountered between hot points free
from the chassis. Informatien that the
voltages are measured with respect to
the chassis, or with respect to some
other given point, tells where one lead
of the checking voltmeter goes, but
does not conmvey any reliable informa-
tion wregarding the direction of the
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voltages. There 1s only one saie way
out of the difficulty and that is to indi-
cate the direction of every concerned
voltage and current in the circuit dia-
gram. It is better to overdo than to
underdo the sign business, even if one
runs the risk of being considered sign-
consclous.

In agreement with the above discus-
sion the voltages introduced in the
amplifier circuit are given plus-minus
signs, The directions are optional,
even if it sometimes is practical to do
as some engineers do. They put the
signs as closely as possible the way
they appear in reality. In Figure 1
we had an example on the use of two
different notations for one and the
same thing, E, and —E.. If a tube
has many electrodes, it is as well to
count all voltages positive upwards.
In output calculations, however, it is
often practical to use Ep for Z, I,
without the introduction of a minus
sign. As there is a clear and sharp
definition, E, = — E., no ambiguity
whatsoever is involved in the use of
two notations. In Figure 3 a similar
situation appears with —FE/, and Eg,
respectively —F/;, and E.. Thus each
amplifier stage appears with plus on
the grid, which mav be an advantage
if a standard formula for calculation
of amplification 1s adopted. If #n 1is
introduced as the complex ratio
E./EL (the last stage has ny == 1),
the total amplification of the amplifier
can easily be written down directly as

Frs = l/n xzm/(rm+ Zrs) ><U«31><E -

'(; 1/n X Zof(Toz =+ Ziw X w'>< E.

!<¥ 1/1’11 >< ZL1/ (I‘m + 7L1) >< 251 >< F

‘ Zei Zre Zua ..
EL:{/Egl fra—

TRRN ST

1 (I‘p1 -+ ZLI) N (rpQ
-+ ZL:) N5 (Ipy -+ Zra)

(14)

In this way the commonly experienced
error of a 180° phase shift in answers
may be avoided.

It is of interest to note that the am-
plification in the amplifiers of Figures
1(b) and 3 is calculated, treating each
stage as a potentiometer circuit, cur-
rents being avoided entirely in the
computation. There are other net-
works where quicker and safer calcu-
lation is made possible by avoiding
voltages and dealing with currents
entirely. To know when to dodge cur-
rents and when to dodge voltages is a
question of experience,

It seems now that all the above for-
mulae just fall out of the mathematics
and that no further discussion is
needed. It must be realized, however,
that the signs obtained are only logi-
cal results of the sign assumptions
made. By locating currents and volt-
ages differently as far as signs are
concerned, we could obtain different
definitions and should then have to
write our equations accordingly.

An interesting example of what may
come out of assumptions different from
tlie ones made in Figure 1 is obtain-
able from a suggestion made by H. A.
Wheeler” some time ago. Wheeler
points out that it is conventional to
look upon a generator as a source,
which delivers a current golng out
from the output electrode. And if the
direct plate current is directed out
from the tube through the plate, the
plate current is negative. Therefore
an increase in the direct plate current
is a negative change. It is accom-
panied by a negative change in the
direct plate voltage. From the point
of view of filter theory the tube now
behaves as a straightforward trans-
ducer, the changes in current and volt-
age going in the same direction.

STyansconductance, IRE Proceedings, pp. 385,
vol. 28, IT; August, 1940,
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The point brought out by Wheeler
regarding the transducer action is il-
lustrated here by the comparison made
in Figure 4 (a) and (b). The trans-
fer admittance Y., is, in both cases,
expressed by the ratio between the out-
put current and the input voltage, I,
for simplicity, the network is assumed
to be resistive and Z, = 0, then for
the network,

I,
Yo = —
E,
and for the tube
di,
Y= = —Zm
de, | e,

(15)
The tube is therefore treated in the
same way as a network or filter, the

.consequence being that the definition

of transconductance now involves a
minus sign. (Namely, if the notation
g 1s considered still to check with the
physical phenomena in the tube, so that
it indicates, for example, how many
microamperes enter the (ube through
the plate, when the grid is made one
microvolt positive). Further amplifi-
cation factor as well as plate resistance
will be defined with minus signs.

The main objection to Wheeler’s
suggestion to direct alternating plate
current as leaving the tube through the
plate, has been given as the great diffi-
culties involved in a change in al-
ready accepted engineering practice.
The network engineer, who is used to.
clockwise currents, should no doubt
appreciate the adoption, but the tube
engineer would probably not. The tube
engineer is generally concerned with
single-mesh and two-mesh loads only,
such as tank circuits ‘and double-tuned
transformers, and to him the conven-
tion of one anti-clockwise and one
clockwise current is fully agreeable.
His derivations of input impedance,
transfer impedance, iterative impe-
dance, etc., will be correct, although
not of conventional form when com-
pared with derivations in textbooks on
networks and filters. The question ot
current directions involves as well, the
question of how to define positive mu-
tual inductance 4+ M. Since this mat-
ter is too extensive to be brought up in
this connection, we will leave it with

Figure 3
Amplifier circuit and its equivalent, illus-
trating extensive use of signs in phase-angle
calculations.
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THERE'S A JOB FOR

Your post-war product must stand the competition of price as
well as quality. And manufacturers who use electron tubes to
boost production, cut material costs, and increase product per-
formance, have the edge on competitors. Electronic control of
resistance welding is one cost-saver to consider.

In this, as in most other tube applications, the use of a relay
increases efficiency. The Series 175 DC and Series 170 AC
Relays by Guardian, when used in the output of the tube cir-
cuit, control external loads in accordance with the tube oper-
ating cycle. These relays have binding post terminals in place
of solder lugs. Bakelite bases, molded to reduce surface leak-
age, give a higher breakdown factor. Contact capacity: 121
amps., at 110 volts, 60 cycles, non-inductive. Information on
contact combinations, coil voltages, and further data is yours
for the asking.

GUARDIAN '/ ELECTRIC

1623-B W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR

IRGUSTRY
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the statement that the definition of +M
is frequently tied together with the di-
rection of the two loop-currents.

Further evidence of disagreement re-
garding signs of voltages and currents
in tube circuits is given in an interest-
ing discussion by Professor G. W. O.
Howe, technical editor of Wireless En-
gineer (Appendix 1). The reader ot
this extract will probably realize that
each one of the three authorities in-
volved is treating his subject correctly.
At the same time one cannot avoid
feeling that further standardization in
the interest of generally adopted sign-
rules would be very much welcomed.
(Note that the criticism given by Pro-
fessor Howe applies at least in part to
this paper as well, as the author has
largely adopted the terminology of one
of the two authorities mentioned.)

Double-Control-Grid Circuits

Consider temporarily a tube with one
control grid only. The i.e.— charac-
teristic for this tube is shown in Fig-
ure 5. For Z.=0 the operation of the
circuit 1s described by equation 9 with
the second term equal to zero. The
path of operation then coincides with
the static characteristic g. in Figure 5.
If now Z;, is given a certain value, a
second term will appear in equation 9,
so that with E,= — Z.1,,

In:ngg—gp ZLID (16)

The contribution from the plate ap-
pears with opposite sign to the contri-
bution from the control grid, and what-
ever sigh we give the first term, the
second term will always appear with
the opposite one (excepting conditions
at ultrahigh irequencies from the dis-
cussion). The ratio between plate-cur-
rent variation and control-grid-voltage
variation still is of interest and will
now be referred to as the dynamic
transadmittance Y., which by equa-
tion 16 is given to

Ynlzgm/(1+ZL/rp)=Kgm, (17)

where K, as well as Y., are complex
quantities. Equation 77 represents an

Figure 4

Comparison of tube transducer and net-
work transducer with respect to signs.

ellipse. For resistive load Z;=R, the
quantity K becomes real and the ratio
1/(14Rw/r;) now illustrates the re-
duction in slope due to the presence of
the load in the plate circuit. The reduc-
tion tn slope is the direct result of the
negative sign in equation 16

The plate current I, may be calcu-
lated either from the dynamic charac-
teristic Yw or from the sfatic charac-
teristic g... In the first case equation 77
states that I,=Y,E,, where E, is the
applied grid voltage. In the second case
the high slope gw is actually not the
one producing the variational plate cur-
rent, so using gn we must introduce a
correction by substituting a reduced
voltage (E;). for E,. The fictitious vol-
tage (E;). may be referred to as the
grid-control voltage. and may be de-
fined by the relation

L=YaE,=gu(E,).
:gm/(1+ZL/ru)XEg (18)

(Eg)c:Eg"*_Ep/P- (19)

Equation 19 is easiest realized from the
fact that w(E;). is the voltage that
drives the current I, through the plate
resistance ry, the drop being r,[,=p E,
+E,.

In terms of signs the above data re-
veals that the plate current may be con-
sidered as controlled entirely by the
control-grid, operating at full g, — val-

to

SFor defnitions of the amplification factors,
see Appendix 2.

™W. Schottky: Uber Hochvakuumuerstivker,
II1 Teil, Archiv fur Elektrotechnik, pp. 299-
328; Band VIII 1919. 1In this paper the follow-
ing statement is of particular interest: ‘“‘In the
question of freedom from whistling (prevention
of self-excitation of the amplifier circuit) the
screen-grid tubes (Schutznetzréhren) with cor-
rectly chosen transformers and proper electro-
static shielding (Schutz) do not differ from the
other tubes; this question, which initially pro-
duced many difficulties in the art, now only
plays a subordinated role.”
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ue, if the actuafly applied grid voltage
is replaced by the grid-control voltage. _
This control voltage is less than the
actually applied voltage because of the
minus sign for the second term in
equation 6.

The above discussion as pertaining
to the sign of the second term in equa-
tion 16 answers the question as to why
the screen grid was introduced in the
vacuum tube. The unfortunate fact that
this sign always is opposite to the sign
of the first term may be studied in light
of the field distribution at the cathode.
When the applied signal makes the grid
positive with respect to cathode, the
plate goes negative and reduces the
change in field-strength produced by
the grid. This situation was probably
what led W. Schottky to the idea of
screening the cathode {rom the plate
by means of a shielding or screening
grid, held at a steady positive potential
(not to quench the steady plate cur-
rent). It is well known how Schottky’s
so designed loud-speaker tube gave in-
ferior results because of secondary-
emission phenomenon and first became
practical after the introduction of the
suppressor or pentode grid.

If the grids are numbered ! to 3 in
the direction cathode plate, and screen
grid 2 and suppressor grid 3 carry
steady potentials, the complex expres-
sion for the rms voltage on control
grid 7 may be written as an expansion
of equation 19

(Eg)e - Egl +Eg2/51‘2 + Ega/}‘-s + Epp-e,
(20)

where the two middle terms are as-
sumed to have zero values. The un-
desirable last term is made negligible
compared to the first one by means of
the screening (mathematically by
means of the high w— value). There-
fore (E;). —Eq and

Ym :° Em, i.e.,

the pentode utilizes the input signal
fully, operating with the high slope of
the static characteristic. It is impor-
tant to realize that Schottky’s con-
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tribution was centered on the elimina-
tion of the back-effect on the cathode-
field by the plate. The introduction
of the screen grid did not have any-
thing to do with high-frequencies, as
1s widely believed. Even Schottky
himself did not have much confidence
in his tube as a device rendering sta-
bility to high-frequency stages’.

Variational Voltage

Although the above discussion ap-
plies to tubes with several grids, the
EPC equation is still valid. Now
consider the case where not only the
first grid, but as well one of the other
consecutive grids carries a variational
voltage. It may still be possible to
apply the EPC equation, but the error
is often considerable. For double-con-
trol-grid tubes, especially designed
and operated to give nonlinearity, the
EPC equation breaks down. This is
because the tube characteristics are no
longer straight, parallel and equi-
distant. The characteristics in a par-
ticular diagram may be straight but
not parallel. Tt is rather interesting
to note that the i,e, characteristics for
a particular control grid may be
straight, but nonlinearity still results
if the characteristics are spread out
 like a fan. Perhaps the simplest way
of indicating nonlinearity is to say
that the tube coefficients are not any
longer constants, the transconductance
of one control grid being a function of
the voltage on the other control grid.
This effect may be referred to as the
gate-effect.®

The same care previously exercised
with respect to signs in linear tube
circuits may be required in the treat-
ment of nonlinear tubes. The general
expansion for a tube with two con-
secutive control grids with variational
voltages Ae. and Ae, Figure 6, may
be written

Al, = alew + bAew + cAes’

+ dAe.’ + fAea Aee + ghAe’+ .. .

(21)
The coefficients in this total differen-

VACUUM TUBES

Figures 5 {left] and & (right)

Figure 5, plate-current versus signal-grid-
voltage characteristics of tube with resistive
load,

on multielectrode tube operated with varia-

Figure &, pentagrid mixer as example

fional voltage on two grids.

tial are as follows:

L8 18 . 8b
Oec, ¢ Qe Bec Oecs
3 CHIN GHEN

b: d:L -4 2e
Be, “Taeg TEoe, ©

With the grid arrangement of Figure
6 and curved characteristics, the ac-
tions by the two control grids will not
be independent, as the gate effect
comes into play. The coefficients e,
d, f, g — are not zero, but i straight-
line characteristics are assumed, ¢
and d become zero. The coefficient
f still remains, however, the ffth
term 'indicating the nonlinearity due
to the gate effect. This coefficient f
may be referred to as the nonlinearity
coefficient and indicates to what ex-
tent the voltage on one control grid
is able to vary the slope of the other
control grid. At ordinary frequen-
cies f may be treated as a tube coef-
ficient with a certain numerical, posi-
tive value, defined from the expression
given in 22 in more or less the same
way as gm, rp and p were defined for
a triode. The sign of the nonlinearity
term is therefore determined by the
sign of the variational quantities Aeu
and Ae.. If one of these quantities is
externally applied or if it appears as
a voltage drop across an insufhciently
well bypassed impedance, the plate
current contribution providing the
nonlinearity is fully determined to its
sign. Naturally this presumes that all
applied voltages are introduced with
given directions.

Rewriting the expansion in equa-
tion 21 we obtain
Ai, = aAe., + bAc., + fAea Ae,

(23)
or, as one possibility
Aib — (a + fAet-S)Ae('l + bAerg-
(24)

SH. Stockman, A Treatment of Non-linear

Devices Based Upon the Theory of Related

Linear Functions, Journal of Applied Physics;
Decentber, 1943.

SH. Stockman, Superheterodyne
Terminology, Electronics; November,

Coneerter
1943,

The signs of these terms depend upon
how the grids are phased with respect
to the common frequency a-¢ soutces.
In case of sinusoidal variations the
parenthesis (a + fAes) may be rep-
resented by a periodically varying
signal transconductance (gmi)var, SO
that with b = Zua

iy = (&mi)var €1+ Za €z (25)
where the last term may be neglected.
This equation is of special interest
when e, and e, are instantaneous
values of different frequencies. This
is the case of modulation and fre-
quency conversion, g., varying with
the frequency of the local oscillator.
The first term then is a product term
involving ey with f determining the
amplitude.  An expansion of the
trigonometric expressions for eg€gq
vields a difference-frequency term,’
which in conventional design of super-
heterodyne receivers is the intermedi-
ate-frequency component. The sym-
bolic method of representation is now
not practical and the sign relations
between electrode voltages and plate
current terms not of the same interest
as in tube circuits operating with all
electrodes at a commnion frequency.

Conclusion

We have seen that the signs of the
tube coefficients are the result of orig-
inally made assumptions and that
various possibilities are open if the
original assumptions are changed.
Suggestions for such changes have
been made. Awaiting improved sign-
conventions and standards, the hest
thing we can do is to adopt the con-
vention that seems best and apply it
rigorously. The lack of signs in tube
circuits and circuits without tubes as
well, makes it difficult for students and
engineers to understand important
fundamental ideas.

To show the importance of signs,
a few simple tube circuits have been
discussed with especial emphasis on
the relation between plate-current con-
tributions from various electrodes, this
being the point where the sign dif-
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ficulties are most severe. Conditions
when terms of different frequency ap-
pear in an electrode circuit have also
been discussed briefly.

v
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Appendix 1

Extract of an editorial of the Wire-
less Engineer by G. W. O. Howe.

In Chaffee’'s Theory of Thermionic
Vacuum Tubes, (p. 192) the p-d
between the anode and cathode is
called e, and that across the load e,
and 1t is stated that de, =-—de,
which is strange, since, except for the
battery, e, and e» are really one and
the same, but merely looked at from a
different point of view. It is equiva-
lent to the obviously correct state-
ment that Vas=—Vu. If one
writes Va—=— DRI, then when the
current I, is a positive maximum, the

~ d V. must be a negative maxi-
mum and the two are necessarily to
be regarded as 180° out of phase. If
the current is regarded as positive
when the grid voltage V, is positive,
then V, and V; must be regarded as
180° out of phase. Terman says:
‘the plate circuit can be replaced by
an equivalent generator of voltage
—.e, acting from the cathode toward
the plate,” which is, of course, the
same as our -+ 4V acting down-
wards in Fig. I(b). [Note: Fig. I is
here represented as Figure 7.] He
expresses it in this way because he
reverses the current convention and
says “a positive value for I, means a
current flowing in opposition to the
steady direct current” He therefore
writes I, = — 4E/(Rp + Z1v), which
again looks rather strange. But it
may be asked, is there no alternative
to these seemingly topsy-turvy con-
ventions? Yes, as soon as one neg-
lects the d-¢c components, and regards
the valve as an a-c generator with an

and an

resistance of R,
equivalent emf ,Vg, one can adopt
the usual convention as regards the
terminal p-d of a generator, as shown

internal

in Fig. I(b). When Vg is a positive
maximum, I. will be a positive maxi-
mum and the cathode terminal must
be regarded as being at its maximum
positive potential.  We now have
Va = Rl. without any minus sign and
Va and V. are in phase. The only
point to remember is that the re-
sultant p-d between the anode and
" the cathode is then the difference be-
tween the d-c and a-¢ components and
not their sum. One cannot pretend
that the valve, and not the battery, is
the source of power without paying
the penalty somewhere. For most
purposes, however, one is only inter-
ested in the a-¢ components and
everything is perfectly straightfor-
ward with no jarring minus signs ap-
parently doing violence to Ohm'’s law.

G W. 0 H.

Appendix 2:
Definitions of Amplification Factors in
Equation 20

The total differential for the plate
current i, in a vacuum tube yields

dih = B dev1 + Lme de‘-z

+ gn\.’:dec:: + ----- g,,del,
o 1 1
- gml decl + de(-z + der::
gml qml
Em2 2 s
1
+ ...+ de,
Em1
! )

= gml (dec)c

If this expansion 1s compared with the
one in equation 2@ it is.realized that
w is defined as in a simple triode, so
that definition 5 applies

gml deb

gr dCﬂ ib [P SN

10G. W, O. Howe, The Phase Convention of
Currents and VPoltages in Valve Circuits, The
Wireless Engineer, vol. 17, No. 198, pp. 95;
March, 1940.
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Figure 7

{Appendix 1), tube circuit and its equiva-
lent as reproduced from the editorial in
Wireless Engineer

The amplification factors @, and p.
may be written

di,
gm] decl ec:
T =
gm'z dlb
dece e
decz
ep€e... = — 1, €, €eg v w
decl
diy
it dea | e
by = =—
gm.'—} dib
deu:} Ce1
dec3
€, CeoCpoiv . = — 1p €p Cea Cear « «
decl

These results follow from the general
form of the total differential for a
function u = {(x y), because

_3u Su 4, -

du-ax cl)k‘i'ay dy =0
yields
du
dx | y dy
u——— | u

du dx
dy | x

Appendix 3: List of Principal Symbols

[ Grid power-supply voltage
Euw Plate power-supply voltage
1s Total instantaneous plate
current
e Total instantaneous grid
voltage
e Total instantaneous plate
voltage
e, Total instantaneous volt-
age drop across tube
load
(ee)e Total instantaneous grid
control voltage
(The above quantities wmay repre-
sent d-¢)
Ae., etc. Finite variations in above
quantities
de., etc. Differentials of above
quantities
Partial derivatives of
Bth%ec » ete above quantities
i, Instantaneous plate cur-

rent
(Contimied on page 104)
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* Pioneefed and developed ex-
clusively by Motorola Electronics
Engineers, this mighty, little 2-

Way Radio is fighting for Victory

on every important battle front.

R

\ \\\\\\\‘\\\\\\\\\\\?\\\\gh‘\\\ii\\i\\\\\
U

For tha continued development and
production of Radie Communica-
tions and other special Electronic
equipment for our dArmed ¥Forces,
the Motorola organization has beens
awarded two stars for its Army-
Navy “E” Flag. Motorola is proud
of the part it has been privileged
so play in the speeding of Victory.

\.w

g
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Figures | (top) and 2 (right)

Figure |, current distribution in loop.

tern in the horizontal plane due to one energized loop. The
pattern of a pair of towers energized 180° out of phase

(Small circles represent vertical section
represent horizontal

would be identical.
of loop; dashes

Fi

section

gure 2, field pat-

of loop.)

Second loop {not’efergized)

(o

First -Ioop {energized}

DESIGN AND OPERATION OF

ACKBONE of the modern Amer-

ican system of radio naviga-

tional aid for aircraft is the
radio range beacon. Scores of these
beacons, maintained and operated by
the Army Airways Communications
System, form a network of well de-
fined highways of the sky for all the
varied aerial traffic of the Allied mili-
tary and naval air forces.

We say that the radio range is the
background of these airways because
this type of beacon is the only one that
lays down a definite pathway for the
aircraft to follow. The plane itself
requires no complicated apparatus, but
merely a simple receiver capable of
tuning on low and medium frequencies.

The radio range is a transmitting
station which provides directional
beams or courses, usually four in num-
ber, radiating from the station like
spokes in a wheel, The range station
1s usually located as near to a landing
field as possible, limited primarily by
the accident hazard contingent on the
rather extensive antenna array.

The range is usually placed on an
extension of the center line of a main
runway of the landing field, with one
leg or course of the range leading di-
rectly over that runway. At least one,
and possibly more, of the other beams

{PART ONE OF A TWO-PART PAPER)

Communications System

are directed along designated routes.
Thus, as long as the range signal is
properly received on the plane’s radio
apparatus, the pilot flying the route
knows that he is on course and pro-
ceeds accordingly.

Within limits, range courses may
be adjusted to furnish any desired
alignment, but unfortunately they are
not completely independent of each
other, and the realignment of any one
leg necessitates, as a rule, the realign-
ment of all others, Radio ranges of
the AACS are originally planned and
installed on the basis of best possible
operation on one particular route, with
two courses more or less secondary in
character.

MRL and SRA Instfallations

The field pattern of the range bea-
con is hased upon the fgure-of-eight
pattern produced when two adjacent
antennae are energized 180° out of
phase with one another. The MRL
installation utilizes two vertical loop
antennae, crossing at the center of
each, while the SRA type makes use of
five insulated vertical steel towers.
Aside from this difference, the opera-
tion of the two types is quite similar.

Figure 1 illustrates current distri-
bution in a transmitting loop antenna,
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showing the current opposite vertical
elements flowing in opposite direc-
tions; that is to say, 180° out of phase.
Figure 2 shows the field pattern pro-
duced by such antenna. Fig. 3 illus-
trates the same pattern, rotated 90°,
produced by a loop at right angles to
the loop in Figure 2.

If these two loops are alternately
energized, four regions of steady tone
will be produced, radiating from the
center of the station at angles of 90°,
Obviously if all points along these
equi-signal lines can be detected, the
lines may be used to fly directly
towards or from the station. This is
the basic principle on which all radio
ranges operate,

For use with any ordinary radio re-
ceiver of the proper frequency range,
a simple but ingenious method of de-
tecting these courses by ear has been
developed. One loop is keyed with the
letter A4 (.-), the other with the let-
ter N (=.). These signals are so syn-
chronized in the keying mechanisms
that the dot of the A4 fits in between
the dash and dot of the N, and the
dash of the A4 fits in between the two
N’s, as illustrated in Figure 5. As
both signals occur with equal intensity,
they Dblend to form a continuous tone,

AIRCRAFT COMMUNICATIONS
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S

- Becond |oop (energized)

Cpurséi 2

‘FIRST LOOF
(Mot mnergized)

EQUISIGNAL OOURSES
(The A and N signals are equal)

Caurses

. Courses

Courses

RADIO RANGE BEACONS

informing the pilot that he is
course, '

Predominance in strength of either
the 4 or the N signal warns the pilot
that he is off course to either side. It
has been proven by experience that the
average pilot can fly within 1%4° of
the theoretical true course by this
method, the range thus providing a
total course of 3° in width. Custom-
arily, the pilot flies the right side of
the beam, just as an automobile driver
keeps to the right.

The system described above consti-
tutes an aural range beacon, as con-
trasted with the visunal system which
by instruments indicates whether or
not the plane is on course. The great
majority of AACS ranges are of the
aural type.

A primary weakness of the loop type
range installation is the presence of
radiation from the horizontal, as well
as the vertical, portions of the loop.
This tends to produce false or faulty
courses, particularly at night, with the
chances of error becoming progres-
sively greater as the distance from the
station increases. Ior this reason, the
SRA type range is preferred when
stations are separated by considerable
distances.

The SRA range substitutes a pair
of vertical steel radiating towers for
each loop. FEach pair of towers is nor-
mally placed 600 feet apart, at the op-
posite corners of a square approxi-
mately 425 feet on each side. The
towers are fed by shielded transmis-
sion lines, and are so connected that
the currents produced in the opposite
towers of each pair are 180° out of
phase with each other, as in the op-

AIRCRAFT COMMUNICATIONS

posite vertical sections of the loop an-
tenna. Radiating characteristics of
the four towers are thus equivalent to
those of the vertical elements only of
two crossed loops. Since no horizon-
tal radiating elements exist, interfer-
ence of this type is eliminated, and the
courses are more reliable at all dis-
tances from the station.

In the early days of the AACS the
great majority of range installations
were MRL facilities. There were sev-
eral reasons for this, the principal one
being the extreme shortage of ma-
terials on hand for construction of
SRA Afacilities. Another impediment
was the lack of trained Army person-
nel with the technical background and
engineering experience to supervise
instatlation and adjustment of SRA
ranges. However, with the commniis-
sioning of trained radio engineers and
the cooperation of the Civil Aeronau-
tics Administration, this difficulty is
being overcome, and as materials be-
come more available many MRL
ranges are being replaced with the
more reliable and efficient SKRA type.

While the MRL range is equipped
with a broadcast antenna for transmis-

[{llustrations at fop of Pagel]
Figure 3 (fop, left) and 4 (top, right}.

Figure 3, field pattern of second loop.
[Small circles are vertical section of loop;
dashes represent horizontal section of loop.)

Figure 4, field patterns of two loops alter-
nately energized. (Small circles represent
vertical radiating members.}

sion of weather reports and opera-
tional information, this facility i1s sub-
ject to one great weakness; the beacon
must be interrupted while this broad-
cast antenna is in use.

This is not true of the SRA sta-
tions, which are able to operate beacon
and broadcast facilities simultaneously,
so that the pilot may get all weather
and operational information furnished
by the AACS without losing the range
signal at any time. This simultaneous
broadcast is produced in the following
manner.

Instead of modulating the transmit-
ter to produce a tone audible to the
pilot, as in the case of the MRL range,
the SRA station utilizes two transmit-
ters. One transmitter, energizing the
corner towers and producing the
figure-of-eight patterns previously dis-
cussed, is known as the side-band
transmitter. This transmitter 1s not
modulated and will produce no tone in
the receiver. Considered alone, it is an
unmodulated continuous wave trans-
mitter.

In order to produce a tone and pro-
vide facilities for voice broadcasts a
second transmitter, known as the car-
rier transmitter, supplies power to the
center tower. The frequency of the
tower transmitter differs by 1020
cycles from that of the side-band
transmitter, both frequencies being re-
ceived simultaneously to produce a
1020-cycle tone in the output of the
receiver.

Since the carrier power is consider-
ably greater than the side-band power,
the amplitude of the signal varies with
the amplitude of the side-band. Thus,
the figure-of-eight pattern produced by
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Careier Transei
s Center Tower

Figure &
Field pattern of SRA station.

the side-band transmitter governs the
tone received by the aircraft radio.

The ratio of side-band power to
carrier power is about 3 to 10, affect-
ing approximately 30% modulation of
the carrier. Since the carrier is only
30% modulated by the side-band sig-
nal, the remaining 70% of the carrier
power is available for voice modula-
tion,

Voice modulation is accomplished in
the normal manner., The audio-power
is applied to a modulator in the carrier
transmitter, which modulates this
transmitter up to 70%, and leaves the
remaining 30% available for modula-
tion in space by the combination of the
radiated side-band power with the car-
rier power. Thus weather and opera-
tional broadcasts can be sent over the
carrier transmitter without disturbing
range beacon operation. While the
beacon signal is directional, the broad-
casts are non-directional, since the
carrier has a circular pattern. Figure
6 illustrates the field patterns of an
SRA station.

In the aircraft a band-pass band-
elimination filter separates the range
signal from the voice signal so that
they may be heard separately. By

Figure 7

Field pattern ro-
tated 45° first pri-
mary  energized.
{Small circles repre-
sent radiating ele-
ment goniometer at

45°.)
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means of a headset whose earpieces
are wired separately to an instrument
board switch, the pilot connects one
earphone to the range and the other
to the voice portion of the filter, or, if
he wishes, both to range or to voice.
When the dirport operator broadcasts
weather information he does so with-
out disturbing the range signals.

If the loops of an MRL station
could be rotated about the station, the
courses would rotate accordingly, and
in some early English designs this
actually occurred. However, (it can
be shown that) if both loops are simul-
taneously energized with equal cur-
rents at the same frequency, the axis
of the figure-of-eight pattern thus
produced bisects the angle between the
two loops. If the four towers of an
SRA installation are equally energized
the same pattern results, with the axis
of the figure-of-eight pattern lying in
the quadrant between the two towers
that are in phase. This is illustrated
in Figure 7.

If the phase of the energy fed to one
loop or pair of towers reverses, the
figure-of-eight pattern is rotated 90°,
as illustrated in Figure 8. If the loop
or towers are fed in this manner, the
courses lie over the antenna as in-
dicated in Figure 9. In effect, the
courses have been rotated 45° from
the position they assume when each
loop or pair of towers is energized
separately.

It can be shown also that as the
current in one loop or pair of toweérs
is varied with respect to the current
in the opposite loop, the figure-of-
eight pattern, and consequently the
courses, will rotate in the direction of
the loop or pair of towers containing
the greater current. Figure 10 illus-
trates, by means of a vector diagram
the manner in which this occurs.

The Goniometer

Advantage has been taken of this
phenomenon in order to permit rota-
tion of courses about the station with-
out rotating the antennae. This is
accomplished by means of a goni-
ometer, having two secondaries, each
of which is connected to one loop or
pair of towers. These secondaries are
wound perpendicular to each other, as
are the two primaries. The link cir-
cuit relay connects the A signal to
one primary, while the N is connected
to the other.

When the goniometer is so ad-
justed that one secondary is parallel
to and coupled with A, it is then per-
pendicular to primary. N. The other
secondary is then parallel to and
coupled with primary N, and per-
pendicular to primary 4. Thus the
A energy and the N energy are each
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A war correspondent in the Solomons asked a tired marine what he thought
he was fighting for. The marine's face lit up.

"Gosh,”" he whispered, “what I'd give for a piece of blueberry pie!"

To that marine “blueberry pie” summed up the democratic way of life . . . the dates
o« + the movies . . . the ball games . . . home cooking .. warm family ties . . . and the
joy of walking in the woods without fear of a lurking sniper.

Homely things like these are what we are all fighting for . . . the soldier in his job . . . you
in your job . . . we in our job of building dependable Kenyon transformers as fast as we
know how.

Most of us can hurry the day when that fighting marine can have his pie. We can buy
an extra dollar's worth of bonds this week . . . give a pint of blood every
few months . . . save scrap metal, rubber and rags . . . and we can stay on

THE MARK OF » EXCELLENCE the job every day, all day.

Let's not let the boys wait for their pie a minute longer than they must,

ON TRANSFORMER CO.. Inc. oo i
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Signal ‘die to. Figures 8 {top], 9 [left, top) and 10 {left,
.~ N primary = . below)

W e S Figure 8, field pattern rotated 45° second
primary energized. Phase of one antenna
system has been reversed from Figure 7.
(Small circles represent radiating element
goniometer at 45°. Figure 9, courses
secured with goniometer at 45°, (Small
circles represent radiating element goni-
ometer at 45°.) Figure 10, vector dia-
grams illustrating course rotation. At bot-
tom left, vector resultant, both loops
simultanecusly energized by equal currents.
Resulting pattern is rotated 45°, At bottom,
right, vector resultant, both loops simul-
taneously energized by unequal currents.
Resulting pattern is rotated by an angle
whose tangent is equal to the ratio of two

currents
)

coupled into one antenna only. With
this adjustment, the axis of the figure-
of-eight pattern lies along the line of
the antenna, and the courses lie mid-
way between the antennae, as shown
in Figure 4.

With the goniometer set at 43°,
each primaryv couples equally to both
secondaries.  However, when the
relay switches from one primary to
the other, the phase of one antenna
is reversed (see Figures 7 and 8).
One primary then produces a figure-
of-eight pattern whose axis lies mid-
day between the antennae, while the
pattern produced by the second pri-
mary will he at right angles to that
pattern. Rotation of the goniometer
primary from the 45° position toward
zero or 90° increases the energy in
Sm one antenna while decreasing it in the
other, rotating both figure-of-eight
patterns, and consequently the courses.
The angle of displacement of the
courses is equal to the number of de-

Direction of pattern he |odp 'éhf:fgized.' o

i £ S 2

7 - o II': ]"2 - ._ . ¢ ., i 5 Rc;.tﬂ‘ion = Tan -l_§L ]
‘o= _ Rotation = Tan ', ] - N i . :
- _ _111 - A T =tan B
C=Tan TV | v - -
=ug® B '
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fhus made belter tubes—t

- surpass in design and constru ou, =
in guality of materials, in crults- :

manship, in performance.
The background of this record of
achievement is the intensive re-

search and development of a scien=

fific and producmg organization
that" has set and continues to

‘maintain the highest standards of

the tube bmilding art.
Hnd in support of Federal

tube quality and performance is

Federal customer service, always
ready and prepared to handle the
problems of broadecast stations in

Federal Telephone and Radio

ﬂjeeﬂng unz ;eq&iremnt or emers=
senm -

That ;s wlw I‘ederul's estabs
lished :*eputuhon for bmldmg bet-
ter  transmitting und rectifying
tubes rests on an enduring founda-
tion; why Federal tubes doubly

ensure customer salxsfachom

This customer sausfachon, now
enjoved by many leading broad-
cast stations, is available o you.
Whether you require tubes of
standard types or whether you
have « particalar tube problem to
solve, Federal service will prove

- profitable to your interests.

VACUUM TUBE DIVISION
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_ing fransmiﬂmg =équmenf that

will ‘meet your specific requirements,

Corporation |

 Newark, N. J.


www.americanradiohistory.com
www.americanradiohistory.com

“Courses

Cour 328

Cosriea

Figures {1 (top) and (2 (right)
Figure 11, field pattern illustrating course shifting. Power in 4 primary
has been reduced, shifting the courses towards the A4 =zone. Courses are still
straight through the station, but are ne¢ [longer perpendicular to one another.
Figura 12, field pattern illustrating course bending. Figure-ef-eight patterns
have unequal lobes to secure course bending. Current in opposite radiators
no longer 180° out of phass.

grees of rotation of the goniometer.
If the goniometer has been properly
designed, the total power drawn from
the transmitter will remain constant
regardless of the relative position of
primaries and secondaries.

Although the goniometer facilitates
rotation of all four courses of the
range, it offers no means by which the
courses may be varied with one
another; i.e., each course remains at
an angle of 90° with adjacent courses.
Variations in the respective positions
of opposite pairs of courses may be
accomplished in the following manner.

If the power fed to primary 4 is
reduced, figure-of-eight patterns as
shown in Figure 11 will result. The
effect is to rotate each pair of opposite
courses in relation to each other and
to true directional bearing, but the op-
posite courses still remain separated
by 1807 i.e., they form a straight line
through the center of the station.

This effect, known as course shift-
ing, or squeezing, is created by the
insertion of a resistance pad in the A4
primary of the goniometer, absorbing
a portion of the transmitter energy
and proportionately reducing the radi-
ated energy. Similarly, to shift courses
toward the N zones, the resistance

No spm;.inu batween towers
(=]

1e0®

Ug> Spacing between tovers
i 2 .-

pad would be placed in the N primary.

The bending of opposite courses so
that they deviate from a straight line
through the station is sometimes nec-
essary. This bending, as illustrated
by Figure 12, is effected by changing
the radiation pattern so that the two
opposite lobes of a figure-of-eight pat-
tern are of unequal amplitude. In the
case of an SRA station this result will
be secured if the current in opposite
towers is less than 180° out of phase.

The manner in which this phase
changing occurs may be understood by
examining Figure 13. In order to
make this adjustment, we resort to the
use "of artificial lines. An artificial
line of some known length, such as

20°, is inserted between the goni-
[ ]

Figures 13 (left, below) and (3a (right, below)
Figure 13, cffect of tower spacing in establishing
pattern. In A, towers 180° out of phase; wectors
cancel, no field. In B, tower 180° out of phase.
Tower [ advanced 22%° in direction of J; retarded

2315° in direction of 2. Tower 2 retarded 22V:°
in direction of 7: advanced 22%2° in direction of 2.
Pattern is symmetrical. Figure [3a, effect of add-
ing variation of transmission [ine length to tower
to distort pattern. In C, towers [70° out of phase,
{ advanced 5°, 2 retarded 5°. Pattern increased in
direction of J; dccreased in direction of 2. In

D. towers {70° out of phase. [ retarded 5°; 2
advanced 5°. Pattern  in¢reased in the diree-
tion of 2: decreased in direction of 7.

5 spacing between towers

” ®
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ometer secondary and each of the
transmission lines to the four towers.
It the phase difference required be-
tween two towers is 170° rather than
180°, the artificial line to one tower
is increased to 25°, while that to the
opposite tower is decr=ased to 15°,
thus producing a totar difference of
10° between the line lengths. This
difference will subtract from the dif-
ierence in phase between the two
towers.

The combination of course bending,
course shifting, and goniometer ad-
Justment enables almost any desired
course alignment to be realized.

Since the configuration of a loop
antenna fixes the phase difference at
a constant 180°, it is necessary to
adopt some other means of bending
the courses of an MRL beacon. This
is accomplished by the use of an
auxiliary antenna, generally the same
antenna used for broadcasting weather
reports. Normally erected precisely in
the center of the two loops, the energy
coupled into this broadcast antenna by
the opposite vertical sections of the
loops will cancel and no current from
these sources will flow in the broad-
cast antenna.

However, if the broadcast antenna

Y5 Spacing between Towers

# c
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THE FORMICA

Formica MF—Glass Mat Base—Is a High
Frequency Insulating Material That Can

Replace Ceramics for Many Uses!

One of the recent developments of accelerated
research in the Formica laboratories — Grade MF—
has qualities of the greatest usefulness to the
electronic designer.

As an insulating material it permits only minimum
losses at high frequencies.

It has mechanical strength to stand extreme con-
ditions of vibratien and stress in antenna insuvla-
tors, coil forms, tube bases.

Its efficiency is little affected by moisture absorp-
tion. Cold flow is less than for the best previous
grades of laminated plastics. It is readily machined,
and therefore handled at low costs in production.

“The Formica Story” is a sound-moving picture
showing the qualities of Formica, how it is made,
how it is used. It is available for meetings.

INSULATION COMPANY

4635 SPRING GROVE AVE., CINCINNATI 32, OHIO
COMMUNICATIONS FQR FEBRUARY 1544 @ 47
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» Pattérn

is moved a few feet away from the
cetiter pole, it will be coupled closer
to one section of the loop than to the
other and current from the loops will
How therein. The magnitude and
phase of this current will affect the
pattern radiated by the loops, as il-
lustrated in Figures 14 and 15. The
final effect is similar to that obtained
by changing the artificial line length
in the SRA antenna system. '
So far we have talked about the
range principally from a structural
point of view. Since it is, after all,
designed, maintained, and operated
solely for the safety and protection of
the men flying the airways, let’s con-
clude with the picture of the range as
it is used by these flyers. Remember
that there are twe types of range
maintained and operated by the AACS,
just as by the CAA. In both in-
stances the SRA offers a greater
margin of safety and will some day
outnumber the MRIL installations.
Let’s have a look at each of the two
types from the airman’s point of view.
The pilot flying one of the AACS
MRL-radio ranges will hear a steady
tone, if he is on course. This tone is
interrupted approximately every thirty

-

m| R
o oo -124 IOOE%i
i . ! .

o
Figures 14 (top] and 15 (right]

Figure 14, effect of course bending antenna

(reflector). Figure 15 shows patterns se-

cured due to presence of course bending

antenna (reflector]. Dashes between small

circles indicate loop; asterisks are course
bending antenna.

seconds by the identifying call letters
of the range station. When the air-
craft is off the course, the pilot re-
ceives predominantly an A or an N
signal, depending on which quadrant
he is in.

At either thirty minute or hourly
intervals the range transmitter opera-
tor breaks in on these range signals
with weather information sent out
over the broadcast antenna. The re-
sult is, of course, that during this
transmission of weather, or other in-
formation (since special instructions
and messages are authorized for trans-
mission on the range frequency) the
pilot must proceed with no accurate
check on his direction. He thus runs
the risk of getting off course and
being unable to pick up the beam at
the end of the weather broadcast. In

(Continuted on page 104)
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%ore amazing than fiction are the
dashing exploits of PT boats. In a war to
e/l”? (A~ 4 aHeES keep free the sea lanes of the world,

these combat vessels streak into action and unleash
a group attack that’s packed with power and
s €S punch. One reason they maneuver so successfully:
the lanes of communication are kept free. Vital radio
messages from boat to boat are protected against
noisy local intereference.
In climates tropical or polar, Solar noise-suppression systems
absorb static right where it starts—at generators, motors,
windshield wipers, contacts and other local sources. Solar Capacitors
and Elim-O-Stats, as components of such systems, also protect
others of our fighters. Men talking from plane to plane,
from jeep to jeep and from tank to tank transmit and receive
commands without the lost syllables that might mean lost lives.
Solar engineers, pioneers in capacitor manufacture, draw
on an unusually rich radio experience and uninterrupted
electronic research. In days to come, their war-won knowledge
will be valuable in meeting postwar communication needs,
just as it is now avallable for military and naval demands. .
Solar Manufacturing Corp 285 Madison Ave., New York 17, N. Y’

o e

CAPACITORS AND RADIO NOISE-SUPPRESSION FILTERS
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IMPEDANCE TRANSFORMATION

— — - (PART ONE OF A TWO-PART PAPER)
1 z o X Zi )
Z 4! -
S by PAUL J. SELGIN
{a) X R Instructor, Electrical Engineering, Polytechnic Institute of Brooklyn
Ze __}_ -
P, .
8
E AL s,i. Figures | (left) and 2 (below)
! Y"_’—"T' Figure | offers a geometric representation of branch addition. |In
(o) ’ Yy [Be G {a) we have addition of a series branch Z, =R, - jXs. Impedance
X v »-l- point follows line of constant X a distance Rs; line of constant R, a
s} t distance X.. In (b} is shown the addition of a shunt branch
F 2 Y, =G, [By. Admittance point is used. In the example, B,
! | is negative. In {c] we have the addition of branches in series and
5 | D z' shunt. Impedance point follows lines of const. X, const. R, const. G,
v 1, P P
Zr 17 ot T8, ; const. B in succession. Point Z' is obtained as in {a). To continue con-
T M Const G struction: draw circles through origin and Z', with centers on axes.
(c) 5 Cirlt;lcs i
| . Measure OA, OB, and compute their reciprocals, Add G, to .
& Gs, = OA
0 CenstB [ A
Circles }
. — B, to Reciprocals of sums are diameters of new circles.
¥ —
OB
| 4B In (d) we have the addition of branches in shunt and series. Admit-
3 ¢ ' [ tance point is used: both representations are equeally suitable in this
E -(%,'— W case and to [c}. The construction is as in (c) except for dual sub-
& stitution {R for G, X for B, efe.}). X, is pesitive in this example:
' ' Y' hence const. R circle is described in c-w direction. Figure 2 shows
() 4 ¢ Contlant R Circtes a map of the inverse function, illustrating the inversion of orthogonal
parallel lines into orthogonal families of circles. The inverse function
S map may be used to find B and G for known values of R and X,
or vice versa [bracketed notation). The unit of R and X is 10® ohms:
that of B and G, 10™® mhos.
)
L A L
HE chief purpose of impedance : X
transformation is that of insur- 18]
ing a maximum flow of electrical
power from a given source or genera- EEJ
tor to a given load or receiver.
All impedance transformation prob-
lems call for an tmpedance transform- o4
ing nelwork, also called coupling net- 0t -o4
work or coupling, of suitable charac- 0d\
teristics. One of the requirements of * D‘J}:_O'Z u
this network is invariably that of low ok =8
dissipation, for evident reasons, Other T -
requirements may vary depending on : w2/
the type of problem. These additional o i 1 p s
requirements are predicated on the ' G : d \ R
desired variation of transmitted power 0 - t e ]
. . I B! A 6 /8 10 12 4
(and, occasionally, phase angle) with i
-2 : nst/G[R]

frequency.

Increasing B["]

Classification

A rough classification may hinge
upon the extent of the frequency range
over which maximum power is desir-
able. In order of increasing complex-
ity, we have the following types of
impedance transformation problems:

Const.B[x
- IncreasingG[R

The coupling problem. This is the
problem of obtaining maximum power

Mathematical statements appearing in this
article are presented without proof.
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Longago National Union engineers had
to strike out for themselves in search
of new metals, alloys and coatings. The
extremely high temperatures employed
in tube making—brazing, for example, at 2 to 5
times the heat customarily used—ruled out the
use of metals common to most industries.

So from the nation’s electronic tube labora-
tories there has come a whole new group of
metals and combinations of metals. Here are
special alloys for filaments, coils, grid wires,
getters, electron guns and many other uses. And

Magic |

as these metals have provided characteristics not
previously available, they have literally pulled
wonders out of the magic hat of electronics.

In metallurgy, as in other sciences related to
tube making, National Union is helping to push
back the frontiers of electronic knowledge. And
in the war record of National Union tubes you
will see how well this scientific approach to tube
building is paying off. For better tubes, after
the war—Count on National Union.

NATIONAL UNION RADIO CORPORATION, NEWARK, N. J,
PFactories: Newark and Maplewood, N. J., Lansdale and Robesonsa, Pa,

S

\¢UNION

RADIO AND EI.ECTRONIC TUBES

Transmitting, Cathode Ray, Recedving, Special Purpose Tubes » Condensers « Volume Conirols « Photo Electric Cells » Panel Lamps « Flashlight Balbs

COMMUNICATIONS FOR FEBRUARY 1944 o §I
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flow from a given source to a given
load at some definite value of fre-
quency. Transmission at other fre-
quencies is either unimportant or un-
desirable; in the latter case, sclectivity
is a requirement.

Often, the coupling has to be made
adjustable, so that the transmitted fre-
quency may Dbe changed from time to
time. We have then a tuned coupling
or tuner.

The problem of coupling stages of
radio frequency amplification is a vari-
ation of the coupling problem. In this
case, maximum voltage rather than
maximum power is the object, and a
large part of the source power is ab-
sorbed in the coupling.

The coupling problem is associated
with the transmission of carrier fre-

quencies, hence the operating fre-
quency is generally high. At these
frequencies, the reactive components
of source and load impedances are apt
to be high, and must be taken into ac-
count. In addition, careful design is
required to avoid capacity effects. At
u-h-1, distributed structures, primarily
transmission lines, must be used.

The matching problem. The only
difference between this and the coupl-
ing problem is that either the source
or the load, or both, are replaced by
the output or input end of a long trans-
mission line, The problem calls for a
network which will match the line to
its terminations. As the characteristic
impedance of lines is practically a pure
resistance, particularly at high fre-

52 e COMMUNICATIONS FOR FEBRUARY 1944
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Figure 3

quencies, this msures maximum power
flow.

The matching problem may be re-
garded as a particular case of the cou-
pling problem, and handled in the same
wav,

Tie fraasformer problem. This prob-
lem arises when the transmitted power
is to be kept uniformly high over a
wide frequency range, and source and
load are resistive, but of different val-
ues. This is essentially an audio fre-
quency problem, solved by close-cou-
pled inductive transformers. How-
ever, this type of problem is not un-
common at higher frequencies.

The filfer problem. This is the most
complex of all impedance transforma-
tion problems. Filters are generally
inserted between equal resistive ter-
minations, within the fransmitted
range of frequency, and therefore they
must have little or no impedance trans-
forming action. Outside this range,
they must transform the load im-
pedance into a value approaching a
pure reactance, so as to cut down the
power flow to a low specified value.

The design of filters is not generally
carried out on the basis of their im-
pedance transforming action. For this
reason, the filter problem is seldom
associated with problems of the first
three presented. Yet the distinction
between a coupling network and a
band pass filter, for example, is not
very sharp. DBoth operate on the same
principle.

Condition for Maximum Power Trdansfer

This problem can be analyzed in the
tollowing way. Suppose we have a
generator of a-c power, of internal im-
pedance Z,, and a load or receiver of
impedance Z,. For what value of Z,
does P, the power transmitted to the
load, have maximum value? The an-
swer 15 well known, although it is not
stressed sufficiently in the basic litera-
ture on alternating currents. The
condition for maxinum power transfer
is simply that Z, and Z, must be con-

jugate complex numbers. Or, in sym-
bols :

R.= R,

X, = — X,

Now suppose the load impedance does
not satisfy the above. In order to ob-
tain maximum power flow, we must
modify, or transform this impedance

TRANSMISSION ANALYSIS
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Today's urgencies make a reliable and speedy source
of special crystals highly important. Such a source is
John Meck Industries whose Special Crystal Division
is operated to supply — quickly — crystals to any
temperature co-efficient and absolute frequency
specifications under the direct supervision of thor-
oughly skilled, experienced engineers. For your
contribution te time-saving production, just

PHONE: PLYMOUTH (Indiana) THREE-THREE

COMMUNICATIONS FOR FEBRUARY 1944 e §3
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@ TANGENT(ORCOTANGENT)of:Pm’*jT

A= Jcoth Pl

RANGE

%= ’rcmh/D/; ¢:@+h/~7 ; ’¢=ﬁ§”h/)

SELECTION

T

TABLE

£ i

45T <90’

: o
3 ] o s
i i “Q\.ﬂ"

o0xT<l

i

[38% T<180"

o<y < 180°|

Figure 4

The above table removes ambiguities arising when the map for | guadrant is used:
*n is an positive integer; values of 7 such as 30° and 210° are equivalent,

by inserting {in the most general case)
a four-terminal network between source
and load. This must be such that a
conjugate match exists between the
generator impedance and the input
impedance to the network. The latter
is, in general, different from the load
impedance, and may have any value
depending on the design of the net-
work. On the other hand, if the net-
work is of reactive character (made
up of low dissipation elements) the
power input to the network equals the
power output. Therefore if we fulfill
the condition of maximum power
transfer at the input of the network,
this is also fulfilled at the output and
at any intermediate junction. The
transmitter delivers all the power of
which it is capable and all of this goes
into the load. Let us now consider
three particular ways of transforming

a given impedance, by insertion of par-
ticularly simple networks.

Three Ways of Transforming
an Impedance

The coupling network may simply
consist of two connecting arms having
some value of impedance, which will
appear in series with the load im-
pedance. Thus we have first, impe-
dance transformation by addition of a
series tmpedance (Figure 1(a)). The
transformed impedance Z. (impedance
seen by the generator) 1s now the sum
of the original value plus the added
series impedance (Z, = Z, + Z,).

Another simple network would con-
sist of a shunting arm. Thus we have,
in the second case, impedance trans-
formation by addition of a shunt ad-
mitiance (Figure 1(b)). In this case
the transformed admittance is the sum

54 o COMMUNICATIONS FOR FEBRUARY 1944
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of the original value and the added
shunt admittance (Y, = Y. 4+ Y,).
It should be noted that the condition of
maximum power transfer may be ex-
pressed indifferently in terms of Z or

Y. The admittance Y. = G, + jB.
must satisfy the following:

Go= G,

B.=—B8B;

As a third possibility, consider a
four-terminal network which is sywi-
metrical, in the sense that the input
and output terminals may be ex-
changed without effect on the circuit.
In the third case we have impedance
transformation by insertion of a svm-
metrical network. This third type of
transformation is also subject to a
simple law, as we shall see in the fol-
lowing.

Three Ways of Identifying a Receiver

A physical receiver (more precisely,
a passive linear iwo-pole) is 1denti-
fied electrically by the complex quan-
tity :
Z=V/I =R+ jX (1)
which we call the impedance (¥ and
I are the complex voltage and current,
and their ratio depends only on fre-
quency and on the parameters of the
receiver ).

Another quantity which identifies
the receiver 1s:
Y=1/Z2=G+ jB (2)
known as the admittance. We have

seen how, by using ¥ instead of Z,
the 1mpedance transforming action ot
a shunting arm may be simply ex-
pressed. ‘

The action of a symmetrical net-
work may be expressed just as simply
if we identify the receiver by means of
a suitable function of Z, namely the

function :
Z— 7,
o= In ——

Z+

o

(3)

where Z, is the characteristic impe-
dance of the network. If 8 = e +
jB is the transfer constant for the net-
work, the transformed impedance (in-
put impedance) is identified by a new
value ¢/, related to the original value
by the equation:

o =0+ 4 (4)
The function ¢ may be called reflection
factor. Like the impedance or the
admittance, the reflection factor is a
complex number which describes the
electrical properties of the receiver.
An impedance transformation may be
expressed in terms of a change in the
value of any one of the three complex
numbers Z, ¥ or 9. Other functions
of Z may also be used.

It is always possible to obtain any
one of the three quantities Z, Y and ¢
when another is known. Thus for ex-
ample, equation 3 may be used to find

TRANSMISSION ANALYSIS
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Figure 5

Coupling networks including two reactive
branches.

the reflection factor in terms of im-
pedance. Conversely, the impedance
in terms of reflection factor is ex-
pressed as follows:

Z=17Z,cothg (5)
These expressions, compact as they
are, are not very easily computed.
Graphical methods serve to overcome
this difficulty. Essentially, these meth-
ods have the purpose of converting one
function of Z, into another.

The Complex Plane

Any complex number may he repre-
sented by a point on a plane. An im-
pedance:

Z=R4+X
corresponds to a point on the Z plane,
of abscissa R and ordinate X.

It is easy to find graphically the
new value of impedance resulting from
the series insertion of a resistance R,
and reactance X,. The wmpedance
point simply moves in the positive R
direction a distance R,, in the positive
X direction a distance X (Figure
1(a)).

The movement of the ¥ pownt re-
sulting trom the addition of a shunt
admittance may be traced just as eas-
ily (Figure 1(b)).

Supposing, however, two branches
were added; one in series, the other
in shunt (Figure 1{(c)). We would
be at a loss in trying to represent an
increase in conductance, for example,
by the displacement of the Z point,
whose coordinates are resistance and
reactance.

However, we know that on the YV
plane (of coordinates ¢ and B) the
desired displacement, corresponding to
an increase of (, is a straight line
parallel to the G axis. If we knew
how such lines transform on the Z
plane the problem would be solved.
This transformation may be carried
out once for all by drawing the map
of Figure 2 (generally known as map
of the mverse function), showing lines
of constant G and constant B on the
Z plane. The identical lines are also
loci of comstant R and constant X on
the ¥V plane. These lines are circles,
and may be easily constructed, as
shown in Figure 1, (¢) and (d).

Z
The map of the function — = coth ¢
Z,
on the ¢ plane (also called hyperbolic
tangent map) 1is shown on Figure 3,
and in Figure 4. On this map, the

Solution
Type (b):

Displacement of:
*Z"point 'Y 'point

Corresponds to
addition of:

+X [w;]m series

~~
N v | o R

+8 [# ]in shunt

)

{
TN
N

! 2possible

solutions
of type(a)

Zt

Case 2.-

Gr

T
b s(e) - -
)

97a

2 possible
solutions
of type(b)

4 possible
solutions:

2of each type

ka =i000 ohms
mU = milli mhos
U = micro whas

impedance transformation due to a
symmetrical network is represented by
a straight line movement along the
ordinates by a distance e equal to the
attenuation of the network, followed
by a movement along the abscissae
over a distance B, phase angle of the
network., The map drawn on the
plane has the purpose of going from
the value of ¢ to the corresponding
value of Z (or V) and vice wversa.
This map is used mainly in connection
with power transmission lines. The
map may be used to locate faults in a
long cable by impedance measure-
ments.

Two-Element Couplings

The construction of Figure 1 (c)
and (d) may be used to solve, at least
on paper, any coupling problem as de-
fined in the first section of this article.

This solution calls for two elements :
a perfect coil of inductance I and a
perfect condenser of capacitance C, or,
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Receiver impedance :
Source

) =50,000 rps.

R 1
9
;__+29
NUMERICAL EXAMPLE

2,74.05+j55kn
Zgs 1.55-722 ,

Selecting one of the type {b) solutions:

B

| i | |

‘oA o8 85 a3

=-0.104m U =-104 uU

Xs=X; -0C=2.2-39=-1Tkn

Transforming

1 108

- “ Toaxso
[

700550 1,800 F

1,800 F
Zz
%Zr %HEmH ég

=192mH

network

in some cases, two coils or two con-
densers. The problem is to find the
correct values of L or C. A graphi-
cal solution appears in Figure 5.
Using, for example, the Z plane, we
locate, in Figure 5, points Z. and Z,
(for the load and source impedances
which are given); then Z, trans-
formed impedance, symmetrical to Z,
about the R axis (because Z. and Z,
must be conjugate numbers for maxi-

-mum power transfer),

We must transform Z, to the value
Z.. Therefore the Z point must be
brought from Z. to Z. in some way.
The displacement will be in two steps,
corresponding to the addition of a
shunt and a series arm in succession
(or vice versa). Since only reactive
elements may be added (or they would
dissipate power), the series arm ad-
dition must leave R, the receiver re-
sistance, unaltered,  Likewise, the
shunt arm addition must leave G un-

(Continued on page 104)
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cctme greci?r%demands upon our facilities. .. U. S. Army and
c_d radio .parts & . expansion-of our plant . . . the addition of

units was done in our own completely equipped plant. Thus, our engineers and skilled
personnel gained ‘a broader expenenc& in modern radionics. Now, we are

concentrating all this technical experlence @ the® engmeermg cnd
production of Guthman Super- |mprove§l
Coils. . . promised leaders in peace-

time radionics.

15 SOUTH THROOP STREET:-CHICAGO
PRECISION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT
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QUARTZ TESTING

This, The Fifth and Concluding

5§ e COMMUNICATIONS FOR FEBRUARY 1944

¢

Installment on Crystal Production

Includes an Analysis of Reject

Reasons and Salvage Possibilities

by SIDNEY X. SHORE

Senior Engineer, Crystal Division, North American Philips

L

Figures | (fop, left)
and 2 {bottom,
left)

Figure |, a view of
the final test equip-
ment for testing fre-
quency deviation
and activity of
crystals over a tem-
perature range of
145° C. Equipment
at top of rack, at
right, is the tem-
perature  recorder.
Activity and  fre-
quency deviation
recorders are im-
mediately below; di-
rect reading fre-
quency meter is
shown in the panel
immediately below.
At the left is a con-
tainer with a
thermos jug and the
switching unit which
holds 5% crystals.
The test oscillator
may be seen resting
on the switching
unit with its cablie
leading to the di-
rect reading fre-
quency meter. Fig-
ure 2, a section of
the electrical main-
tenance shop where
receivers, oscilla-
tors, duplicators,
final test equipment
and all other elec-
trical equipment are
maintained in per-
fect operating
order,

www americanradiohistorv com

company, Inc.

FINISHING technique should

consider the effects of aging

upon frequency and activity of
the finished product. ‘As mentioned
carlier, cleaning up the surface of
abraded quartz seems to materially
lessen the aging effect. Various tech-
niques have been utilized in an attempt
to either eliminate or accelerate the
aging period so that when a crystal is
shipped from the manufacturer, the
frequency marking will be just as ac-
curate six months or a year or ten
years from the date of shipment.

A common treatment designed to
reduce the effects of aging is a series’
of hot and cold cycles. This may re-
sult simply in a breakdown of the com-
paratively coarse surface structure left
by the abrasion of the final lapping
compound into a finer structure by the
chipping and cracking of the micro-
scopic hills and cliffs on the surface.
If the crystal is thoroughly cleaned
after this heat treatment, aging is
markedly inhibited.

Electrodes which clamp the crystal
at the four corners and which provide
for a gap between the surface of the
oscillator crystal and the electrodes
are in common usage today. A com-
paratively new type of electrode that
is being developed at present, and
should find itself utilized more and
more as its properties are discovered,
is the plated electrode. Metals such as
gold, silver or aluminum are used as
surface coatings for the crystal oscil-
lator plate, with spring wire terminals
sweated on to the metal surface. Tech-
niques for coating crystals and for ap-

CRYSTALLOGRAPHY
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win Creative Phenolic Grommets

Good insulation, as much as any other single factor, influences
peak performance of the most perfectly engineered equi
Creative’s screw-type phenolic grommet bushings assure the
complete protection required by today’s production, Creative
Grommets are matté_-_‘ﬁni_shed; all threads are clean and lubri-
‘cated; all corners are chamfered to prevent wire fraying. Any
-quantity available from stock in 4 standard sizes for practically
every type of panel or electrical mounting; special sizes to
your specifications in quantities of 10,000 or more—no molds -
reguired. - :

WRITE FOR SAMPLE CARD

and detailed literature

Creative Plastics Corp.
956 KENT AVENUE ~ BROOKLYN §, N. Y.
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Figures 3 (left)
and 4 (below)
In figure 3, a view
of 10 switching units
being heated to 90°
C.Thermocouplesand
a recording potenti-
ometer-temperature
device are used to
measure tempera-
ture within the
thermos jug. Figure
4 shows a switching
unit being loaded
with 59 crystals.
The &0th position is
occupied by a crys-
tal holder contain-
ing a copper-con-
stantan  thermo-
couple. The crystals
are numbered and
rejected crystals may
thereby be easily
identified when the
heat run is com-

pleted.

Figure 5

A closeup of the
Esterline-Angus ac-
tivity and frequency
deviation recorder.
The chart at the left
records the activity
of each crystal at
two minute inter-
vals, while the chart
at the right records
frequency deviation
from nominal at the
same intervals. Each
crystal is represent-
ed by a group of
lines drawn once
every two minutes.
Temperature s
changed at the rate
of 1° per minute
over the entire
range. The direct
reading  frequency
meter with its vari-
ous controls and
reference standard
crystal is shown in
the panel immedi-
ately below the
recorders.

www americanradiohistorv com

plying the terminal wires are improv-
ing rapidly and there seem to be many
benefits accruing from their use. In
view of the intimate relationship be-
tween electrode and crystal, there is no
measurable air gap. Thus the series
reactance normally introduced by the
air gap is at a minimum. Therefore,
we may expect that the activity will be
greater.

Gold plate is very conveniently ap-
plied in the sputtering process. It is
non-corrosive and heavy. Because of its
mass, it is possible to utilize an etching
technique to stabilize the abraded sur-
face of the oscillator plate. Then its
frequency can be raised as much as 50
or 75 kilocycles above the desired nom-
inal frequency by the plating. The load-
ing effect of the heavy gold plate may
be controlled merely by the thickness of
the gold sputtered on to the surface of
the oscillator plate.  This loading
effectively decreases the resonant fre-
quency of the crystal and a vernier
frequency control system may be thus
derived. Another possible effect of
plated electrodes is a decrease in sur-
face friction, especially for thickness-
shear oscillator plates. This decrease
in surface friction may be the result of
lubrication of the surface by the gold
and may explain some of the increased
activity noticeable with plated crystals.
If an excessive amount of gold, or any
of the other commonly used metals is
applied so that the frequency is too
low, an appropriate solvent may be
utilized to remove some of the plating
and thereby restore the frequency to
the desired value.

Owing to the diverse nature of the
temperatures and the climates where
crystal oscillator plates may be used,
each crystal is subjected to a test pro-
cedure which will determine its fre-
quency and activity stability at the ex-
treme high and low temperatures in
addition to the entire range of tem-
peratures between the extremes. A
minimum activity requirement is set
and any crystal whose activity drops
below this minimum at any point
throughout the temperature range is
rejected.

If a crystal is cut at an improper
angle, its frequency deviation may ex-
ceed the narrow tolerance for proper
functioning in transmitters and receiv-
ers. An examination of the chart
showing the variation of frequency
with temperature change will illus-
trate that the angle of cut should be
such that the turning point tempera-
ture will occur at the middle of the
test temperature range. This will
utilize the symmetry of the tempera-
ture coefficient curve to its best ad-
vantage.

If the operating conditions of a crys-

CRYSTALLOGRAPHY
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EXPERIENCE
COUNTS

in Radio Communications

The years spent at Wilcox factories in
the development and manufacturing
of dependable radio equipment have
made Wilcox the choice of major air-
lines of the mnation. Now, Wilcox
equipment is performing also in mili-
tary aircraft operations over the globe.

WILCOX ELECTRIC COMPANY

Manufacturers of Radio Equipment
Fourteenth & Chestnut, Kansas City, Me.

. o CoM
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Figures 6 (right) and 7 (right, center)

Figure &, calibrating console positions where
exact frequencies of standards are measured
and adjusted. The standard reference fre-
quency is obtained from a General Radio
primary standard checked daily against
WWY. Standard crystals are cut at such
an angle that the turning point occurs at
the operating temperature which may be
several degrees above room temperature.
Figure 7 shows a heterodyne frequency
meter and activity checker used for chan-
neling crystals into narrow frequency bands.
The scale indicates the frequency to which
a stable electron-coupled oscillator s
tuned. This oscillator beats with the crystal
oscillating in the test oscillator. The fre-
quency of the e-c-o is adjusted until zero
beat is detected in the head phones. The
frequency of the crystal is then recorded
directly on the scale. Two calibrating crys-
tals are shown on the table just below the
frequency meter.

tal in an aircraft were considered, we
would see that from the time of take-
off to the time of maximum altitude,
and then to the time of return to earth,
the crystal would encounter varying
conditions of temperature, humidity,
and atmospheric pressure. In the
stratosphere, temperatures up to 112°
C below zero have been recorded
above Miami, Florida, In the tropo-
sphere, the temperature has been meas-
ured at 70° C to 80° C below zero. A
usable crystal must function at these
various temperatures and also at the
high temperatures in the bulkhead
when the plane is warming up on the
ground in equatorial locations.

If the crystal holder has an air leak
the internal air pressure will decrease
as the plane ascends. In a dive the
atmospheric pressure increases and the
air will leak into the holder again.
But if the plane dives through cloud
formations where the relative humidity
is high a great deal of moisture may
accompany the air returning into the
holder through the leak. It is likely
that the crystal may be short-circuited
thus and become inoperative. To avoid
this dangerous possibility every crystal
holder, complete with crystal, must be
subjected to an altitude test. In this
test, the holders are placed in an en-
closed volume which is evacuated. A
high d-¢ voltage is applied to the elec-
trodes. If no leak of air from the
holder into the evacuated volume oc-
curs no appreciable current will flow
across the electrodes. If a leak is pres-
ent, a discharge current may be ob-
served with a series microammeter.
This condition will appear as the air
pressure inside the holder drops to a
value which will permit of ionization
and current flow.

Contact pins of crystal units must

Figure 8 (below]

Diagram illustrating
air gap resonance
effects on activity
of a crystal. Thick-
ness-shear oscillators
are much less af-
fected than pure
thickness oscillators,

ACTIVITY (1g)

|
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From the litlle “]J” to the big commercial type
“A", from the neutralizer type “N” to the special
temperature compensator type, all JOHNSON
variable condensers are correctly designed and
engineered for the part they must play in the
transmitter circuit. Corona discharge. flash-over
rating, galvanic and elecirolytic action of
metals, closed loop (losser) circuits within the
condenser, and dozens of other problems enter

74k for
CATALOG
967E

into the design of an efficient condenser. The
metal and the alloy used, the shape and size of
each part, the shape, size, and material of the
insulators, all are highly important. Mechan-
ically they are simple—electirically, an eifficient
condenser demands years of experience and
“"know how.” Write us concerning YOUR con-
denser problems and JOHNSON will
recommend a type for YOUR needs.
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"THE BOSS IS POUTING BECAUSE
HOGARTH WON'T TRADE

15 ECHOPHONE EC-1 R

ANYTHING WHATSOEVER"

Echophone Model EC-1

(INustrated) a compact communications
receiver with every necessary feature for
good reception. Covers from 550 kc. to
30 mc. on three bands. Electrical band-
spread on all bands. Beat frequency oscil-
lator. Six tubes. Self-contained speaker.
Operates on 115-125 volts AC or DC.

ECHOPHONE RADIO CO., 540 N. MICHIGAN, CHICAGO 11, ILLINOIS
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Figures 9 (top) and 10 (right}
Figure 9, a stauroscepe used to locate and differentiate the

X and #-axis in a wafer or a blank

angles,

used in the heat cycle activity and frequency test.
These are connected
to switch points and a wiper arm sweeps over the switch
peoints making contact with each in turn. The complete cycle

are 59 sockets which hold 59 crystals,

occurs every twe minutes.

be of material that will not corrode
particularly when the crystal is to be
used for sea duty, where constant salt
water atmosphere prevails. Nickel-
plated brass is used almost exclusivelyv.
Other low resistance non-corrosive
metals and alloys are being contem-
plated as substitutes. Platings some-
times scratch or peel and expose the
tarnishable metal underneath. Nickel
plate in particular forms a tough and
a very high resistance oxide layer
which may on occasion cause contact
trouble,

If a crystal were to be used in equa-
torial climates where the average tem-
perature is high, a desirable Z%" angle
may be 49° or lower.  For arctic cli-
mates, the Z#% angle may well be
49° 50’ or higher. It must be remem-
bered that at only one point, the turn-
ing point, is the temperature coefh-
cient of frequency equal to zero. At
temperatures below the turning point,
the temperature coefficient of fre-
quency is positive and at temperatures

N

®
Figure 11
Chart shows values of turning point of the
BT-temperature coefficient curve as a
function of the ZZ'-angle of cut. XU is
assumed te be 0°. This represents a sta-
tistical average of many turning points as
run in the laboratory. Any 4t of the
blank with respect to the X-axis will lower
the temperature of turning point: frequency
of oscillator plate and nature of the surface
are other factors.
®

CRYSTALLOGRAPHY

This facilitates the
accurate x-ray measurements of the ZZ' and the XX’
In Figure 10, we see a view of the switching unit

There

above the turning point, the tempera-
ture coefficient of frequency is nega-
tive. ‘

A continuous measure of activity
and frequency of the crystal while the
crystal is carried through the entire
temperature range results in a some-
what lengthy hot and cold test proce-
dure. A more common system of tem-
perature testing makes checks of activ-
ity and frequency of each of a series of

50 or 60 crystals in turn at one or two-
minute intervals. With a synchronized
recording chart, activity and frequency
may be recorded periodically at these
intervals and barring an exceedingly
sharp activity dip, the recordings will

be quite accurate. One type of such

intermittent recording device is shown
in Figures 1 and 5.

The major reject causes are activity
These

dips at certain temperatures.

60

50kt

TURNING POINT TEMPERATURE

48°30' 4g9°

49°30 50°

ZZ' ANGLE OF CUT (BT)

50°30'
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Figure 13

Q-lap developed by
Theodore Schaffers,
chief mechanical en-
gineer of the North
American Philips
crystal division. This
lap uses a diamond
wheel for quickly
reducing the thick-
ness of rough-cut
blanks. Mechanical
tolerances for this
lapping machine
are kept as close as
.0001".
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®
Figure 12

Figure 12, chart shows the effect of an
alteration of XX'-angle upon the furning
point temperature,

e

dips are the result of interfering modes
of vibration whose harmonics couple
destructively with the f{fundamental
thickness-shear mode, and also may be
caused. by 1mproper mechanical con-
ditions of the electrodes or the spring.
An analysis of reject causes generally
shows that activity dips occuring over
a small temperature interval are the
result of improper dimensioning caus-
ing the above mentioned interfering
coupling. Poor mechanical assemblies
generally show up as gradual activity
dips over a long temperature range.
To correct dips caused by improper
dimensioning the edges are reground
so as to change dimensions, thereby
eliminating the interfering coupled
modes over the required temperature
range.

A precise study of dimensions would
allow for a predimensioning technique
to be utilized with great success. Pre-
cision edge-grinding equipment would
be necessary to hold face dimensional
tolerances to within .0001”.

An interesting phenomenon which
occurs especially with straight thick-
ness oscillators is the air-gap reson-
ance effect. If there is any component
motion of the crystal surfaces in the
direction of the electrodes, a super-
sonic air pulse will be set up at the fre-
quency of oscillation of the crystal.
This air pulse will traverse the air
gap and be reflected by the electrode
back towards the crystal. If the total
path traveled by the air pulse is equal
to the wave-length of the supersonic
wave, destructive interference will
occur when the pulse returns to the

(Continuted on page 96)

*®
Figure 14
In I, we have an activity temperature
curve of a rejected crystal, showing the
sharp activity dip with its minimum at 42°
C. In 2, we have the same crystal, its face
dimensions decreased slightly, showing
slightly lower activity overall, but having
stable characteristics. Curve 3 shows
another crystal having no severe dips but
with generally lower activity. Note the
slight dips which may result from relaxation
or slippage of the crystal spring holding the
electrodes fast against the crystal. Physical
behavior of a crystal in a holder which has
moisture in it, as the crystal and holder
are cooled from + 110° C. to —60° C.
is shown in curve 4. Note that at the
freezing point of water, the vapor precipi-
tates out and apparently completely damps
vibration of the oscillator plate. There is
a general increase in activity as the tem-
perature of the crystal is lowered. One
reason may be the decreased pressure
within the holder offering less damping ef-
fect to the crystal vibration.
.
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@ Never before in history has a war
been fought with cathode ray tubes, transmitting tubes,
quartz erystals, tungsten wire, X-ray equipment and
other electronic devices.

But these weapons are convincing the enemies of peace
that the days of reckless war-making are over. On the
battlefronts, on the oceans, and in the skies all over the
world, these new weapons are saving lives and winning
battles for the United Nations, and bringing confusion,
consternation and defeat to the enemy.

We who make NORELCO electronic products are
doubly proud of these new weapons because, in addition
to helping to win the war today, they are among the
devices that will build a new and better world tomorrow.

For our Armed Forces we make Quartz Oscillator Plates;
Amplifier, Transmitting, Rectifier and Cathode Ray Tubes
ior land, sea and air-borne communications equipment.

For our war industries we make Searchray (X-ray)
apparatus for industrial and research applications;
X.ray Diffraction Apparatus; Electronic Temperature

Indicators; Direct Reading Frequency Meters; High
Frequency Heating Equipment; Tungsten and Molyb-
denum in powder, rod, wire and sheet form; Tungsten
Alloys; Fine Wire of practically all drawable metals and
alloys: bare, plated and enameled; Diamond Dies.

And for Victory we say: Buy More War Bonds.

0/'8/6 0

ELECTRONIC PRODUCTS by
NORTH AMERICAN PHILIPS COMPANY, INC.

Executive Offices: 100 East 42nd Street, New York 17, New York

Factories in Dobbs Ferry, New York; Mount Vernon, New York
(Metalix Diviston}; Lewiston, Maine (Elmet Division)
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WHEATSTONE

A portable Wheatstone bridge with Murray

and Varley loop circuits and additional

multiplier steps on the ratio dial for the
Murray loop.

(Courtesy Industrial Instrnments, Inc.)

Part 1 of this paper analyzed some of
the more general aspects of the re-
quirements of the component parts of
the Wheatstone bridge. The accuracy
and sensitivily conditions were inves-
tigated and the necessary relationships
between the parameters of the bridge
networl were shown. The usage of
shunts for the protection of the gal-
vanometers used in the bridge circuit
was also discussed. Types of conduc-
tors and the fundamental equations
relating to their resistance at differ-
ent temperotures were considered. In
this instaliment some of the theoretical
and practical conditions of operation
of the bridge for line fault location
work are reviewed.

OR copper wire of approximately

98 per cent of the conductivity of

annealed copper; in the practical
system of English units and degrees
Fahrenheit, equation 27 of Part 1 be-
comes.

R, 3954+t
—_= (21b)
R, 3954+t

where R, = temperature at t, degrees
Fahrenheit, R, = temperature at t,
degrees Fahrenheit. For example, if

BRIDGE
APPLICATIONS

An Analysis of Methods

Used

in Location of

Faults

in Lines, Loops-

by PAUL B. WRIGHT

Commurications Research Engineer

the resistance of a 165-gauge pair of
copper wires is known to be 4.12 ohms
per loop mile at 70° F, then the re-
sistance at some other temperature,

and Cables

{PART TWO OF A THREE-PART PAPERI]

say 100° F, by equation 216 is equal
to 4.38 ohms per loop mile. Again if
the resistance of a 16 B & S gauge
cable pair of copper wire is known to
be 46.0 ohms at 110° F, the resistance
by 216 at 50° F would become 40.6
ohms. Tables one to four give the
resistance of a number of different

Table 1

Table 2

Open Wire Circuits
Hard Drawn Copper

QOhns per

Dia. v loop

No, Gauge inches mile

4 AWG 204 2.72

6.... AWG .162 4.33

7.... AWG 144 5.46
8.... BWG .165 410

9.... AWG .114 8.68

10.... NBSG .128 6.82

10.... AWG 102 10.55
12.... NBSG .104 103
14.... NBSG 081 174

Table 3

Open Wire Circuits
BB Galvanized Iron

Dig. Ohms
1 No. Gauge inches per loop mile
409, 0%
4 AWG 204 6.74 8.98
5.... AWG 182 851 11.35
6.... AWG 162 1072 1432
7.... AWG 144 1353 1805
8.... AWG 128 1709 2272
9.... AWG .114 2154 2866
10.... AWG 102 2716 3616
11.... AWG 091 3421 4560
12.... AWG 081 4320 57.50
13.... AWG 072 5445 7260
4.... AWG .064 6860 91.50

Table 4

Open Wire Circuits
Copper Weld

Cable Wire Circuits
Hard Drawn Copper

68 ¢ COMMUNICATIONS FOR FEBRUARY 1944
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Ohns per Ohwms per
Dia.in  loop Dia.in loop
No. Gauge inches wmale No. Gauge inches mile
4.... BWG 238 1422 10.... AWG .102 107
6.... BWG 203 1962 13.... AWG 072 214
8.... BWG .65 2976 16.... AWG 051 422
9.... BWG .148 3692 19.... AWG 036 850
10.... BWG 134 4490 22.... AWG 025 171
12.... BWG .169 6815 24.... AWG .020 274
14.... BWG .083 1171 26.... AWG 015 440
[All resistances givem are at 20°C or @°F]
MEASUREMENTS
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Here is “something new under the sun”
—a compact, thoroughly dependable I-F
and AUDIO Amplifier in convenient,
practical form, all ready to use.

The HARVEY AMPLI-STRIP is built to
supply the electrical characteristics you
want. Developed by Harvey engineers
to meet exacting performance standards,

it offers a superb example of the creative
and production resources of the Harvey
organization.

Whatever your needs in the way of
radio or electronic instruments, compo-
nents or assemblies, present or projected,
you will find it to your advantage to get
in touch with Harvey of Cambridge.

HARVEY

OF CAMBRIDGE

HARVEY RADIO LABORATORIES, INC.
445 CONCORD AVENUE - CAMBRIDGE 38, MASS.

HARVEY
UHX-25

A 25-Watt
General Purpose

HARVEY

106 PA REGULATED POWER SUPPLY y
for Laboratory D. C. Source —Range 200 to 300 Volts

Rodio Telephone
Transmitter

Available for operation between 1.5 M.C. and 30 M.C.
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types of conductors used in open wire
and cable communication svstems.

Theory of The Bridge

Conditien . . measurement of a
simple resistance X,. At balance (Fig-
ure 3), the galvanometer current i,—0
and the potentials across resistances a
and b are equal; likewise those across
X, and R, arc equal. Therefore we
may write the equilibrium equations

o Xy = 14 R, (23)

and
(24)
dividing these member by member,
and noting that 1,,,—=1., and i,=1, 4
we get

Lea = 1,4h

Xo R,
_ = — (25)
a b
or the unknown resistance,
a
X, =R,— ohms (26)
b
which for @ = b becomes
X, = R, ohms (27)

These equations are the fundamen-
tal equations of the Wheatstone d-c¢
bridge, and are also the equations for

all of the special a-c bridges in which
the resistances are replaced by react-
ances or combinations of them.

Loop Measurements

Figure 6 shows a loop of [ ohmis
per wire. Letting the total loop resist-
ance L=2/ this is the same as the
case of the simple resistance. There-
fore, dropping subscripts, we can write

' > <
immediately, for a—10h or a— b
' a
. L =R — ohms (28)
b
and when a = b,
L=R ohms (29)

Grounded Variey

Condition . . . fault of x ohms from
far end of line (Figure 7). Short far
end, and connect as shown, first as in
Figure 6 for loop, and Figure 7 for
Varley measurement.

Method one : with equal ratio arms,
or a = h.

Here R, = R 4+ d =14 x
or d=(1+4+x)—R

(30)
(31)
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Figures 3 [left) and 4 (top)
Figure 3, a conventional schematic of the Wheatstone bridge
circuit. Figure 4, a lattice view of the same network shown
in Figure 3.
°

The loop resistance

=14 x+d (32)
or d=L—(+x) (33)
adding 31 and 33

2d0=L-—~R=L—-V (3

This is the loop resistance distance
from the measuring end. V is called
the Varley measurement. It is the
value of R when the bridge is con-
nected for a Varlev test. The distance
to the trouble is found by considering
the fraction of the total obtained for
the difference of L and ¥. The per-
centage of the total distance is

L—V
100. per cent (33)
L
and the actual distance is
L—V
D —— miles (36)
L

It the distance is not known, the
quotient of the loop minus the Varley
and the resistance per loop mile (cor-
rected for temperature) will give the

distance to the fault.
®

Figures 5 (left) and & [below)
Figure 5, the star-delta formation of the bridge of Figures 3
and 4. Figure 6, a simple loop measurement of a pair of wires.
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Figure 7

A grounded Varley
measurement.

Figure 8

A metallic Varley
measurement using a
third wire for the
battery return cir-
cuit; wires I and 2
" crossed by wire of
- unknown resistance.

Figure 9

A Murray loop meas-
urement.
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Method 2; unequal ratio arms, a is
not equal to b. Here R, = R + d,
Xo=l+x,L=1+4+ x4 d,

.'.l+x:i(R+d) (37)
b

and l+x=L—d (38)
Equating and rearranging these two
equations, and letting X = the ohms
in the loop to the fault,
bL—aR
X=2d=2—————ohms (39)
a+b
b
When a = -, this reduces to
4

X =04 (4L-—R)ohms (40)
Subtracting each side of 39 from 2 1,

. 2(aR—bL)
2(1—d) = ——— 421 (41)
' a+b
but 2 (I — d) = resistance from the
far end to the fault = 2 x,
J.2x{a+b) =

I{a+b)—(bL—aR) (42)
and since | = L /2, 42 becomes,

alR a—b
2x =2 + -Lohms (43)
a+b a+b
b
For the special case of a = -,
4

2x=02(2R—3L)ohms, (44)

the loop resistance from the far end to
the fault. In terms of miles, it is only
necessary to divide each side of the
equations 43 and 44 by 7, the resis-
tance per loop mile, giving

1 L(a—b) +2aR
Dy=-~-

miles (45)
I a+b

0.2
Dy=— (2R —3L) miles (46)
. r

and

from the far end to the fault. By fol-
lowing the same procedure, the num-
ber of miles from the near end to the

fault may be obtained from equations
39 and 40.

Metallic Varley

Condition . , . one pgir out of two
crossed with unknown value of re-
sistance (Figure 8). In this procedure,
we take a loop on 7 and 4 or on 1 and
3 as shown. Then we take a Varley
using wire 2 to carry the current
through the fault which may or may
not have some variation. Note that
this places the fault outside of the
bridge arms and does not affect the
balance, although it may affect the
sensitivity to a more or less degree.
Since this is merely a substitution of
a wire for a ground path, all of the
equations for the grounded Varley

MEASUREMENTS
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XACTING

LABORATORY
STANDARDS ..

e

Quick and efficient comprehension of the production of labora-
tory equipment comes naturally to us of ECA. We're rich in the
fundamental experiences arising from specialization in the de-
velopment, design and manufacture of “tailored-to-order” radio
and electronic equipment. Our facilities, geared to exacting lab-
oratory standards, permit our engineers and techuicians to
approach a problem confident that the ultimate result will prove
ultimately satisfactory.

An example of the work we do is the ECA Laboratory Oscillo-
graph. This is a 7-inch, direct current, general purpose device
built to provide features not ordinarily available in any com-
mercial unit. This Oscillograph has seen continuous service in
the ECA laboratory for more than a year, and it has been em- .
ployed for such varied purposes as photographing transcient
phenomena, measuring time delay circuits, checking the fidelity
of mechanical recorders and oscillographs, and so on.

IRNVASIFONY! This is no time for complacency. It’s
still necessary to buy War Bonds . . . still necessary to
save scrap metal . . . stll necessary to be a regular patron
of the Red Cross Blood Bank . . . to hasten Victory and
save lives.

ELECTRONIC CORP. OF AMERICA

45 WEST 18th STREET « NEW YORK II, N.Y. « WATKINS 9-1870 |
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hold for this case.
method is the more reliable where it
can be used.

In general this

Yariey-Fisher’

This method of measurement (shown
by Figure 20), commonly known as
the three-Varley method, is useful for
the determination of faults when the
gauges of the pairs of wires are not
the same. This method actually uses
two Varley and one loop measurement.

Taking a loop on wires 2 and 3, and
calling this value of R = R,,

Ri=1+d+x (47)

Next, taking a Varley to the trouble,

letting this be R = R,,
Ro=1+4x—d (48)

Then, taking a Varley into the far
end as shown, calling this measure-
ment R = R,,

Ri=1l—d—x (49)

Solving these three equations, we
obtain,

R.—R,
x=— (50)
2
R1—R2
d= (51)
2
R,—R,
x+d= (52)

The loop resistances to the fault
from the far and near ends are re-

spectively

2x=R,—R; (53)
and 2d=R.—R, (54)
The total loop resistance of the faulty
palr is

2(x+d) =R, —R; (55)
Calling the total distance in miles, L,
the distance from the measuring end
to the fault is by percentage

d R,—R,
=L
d+ x R,—R,

D=L miles, (56)

Figure 10

Corrected Varley
method.

and from the far end to the fault is

P R.—Rs
=L

d 4 x R.—R;

If the resistance per unit distance,
r,, 15 used to obtain the distance, then
53 and 54 may each be divided by r; to
get the actual values. If ry is in ohms
per loop foot, the distances will be in
feet, and if in ohms per loop mile, the
result will be in miles.

If all wires are of equal resistance,
R, becomes zero and each of the above
equations 56 and 57 may be further
simplified giving

X =L miles. (57)

R,—R,
D=L —
R,
X =L—

1

(58)

(59)

and

Murray Loop Tests

Method 1. This is somewhat sim-
ilar to the Varley tests, except that
arm b is removed and R substituted in
its place, Figure 9.

Condition . . . ene wire of a pair
grounded. In this procedure we con-
nect as shown in Figure 9.

Here X, = 1 + x, R, = d, b =
R ; therefore

ad

14+ x = — (60)
R

but d=1--xorx=1—d, (61)
R 1 —x

then —_ (62)
a I+ x

Solving for x and placing on a loop
resistance basis,
a—R
2x =21

ohms, the  (63)
a+ R
loop resistance from the far end to the
fault, 21 = L, the total loop resistance,
a—R

C.D =L (64)

ohms

a+ R
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The distance from the measuring
end is found by subtracting each side
of 64 from L, the total loop resistance,
calling this X,

2R

X=1L (63)

ohms

a+ R

Method 2. This is the better method
of the two as the resistance per mile
need not be known, nor does the loop
resistance need to be known. Letting

I = distance between terminals

x = distance from distant point to fault

r = resistance per linear mile, and

d = distance between the measuring
end and the fault.

Here, X, = r (1 + %), R, = r (1 —

x),b = R,

then Rr (14 x) =ar (l—x) (66)
R 1—x

or —= (67}
a 14 x

Solving for x, the distance from the
far end to the fault

a—R
x =1 — miles {68)
. a+R
Now | — x = d, the distance from
the measuring end,
2R1

miles to the fault
(69)

ol — =

a4 R

Swings and Hits

These measurements are made in
the same manner as given before.. But
to assist the tester, a buzzer, relay or a
light can advantageously be  inserted
in the battery lead with the bridge set
up for a Varley measurement. If the
fault resistance is very high, this may
not be of any value however.

Corrected Varley * ’

Condition . . . leaky cable wires with
unequal resisfance fo ground at the
fault location, with g > f by af least
25%: and conductors of the same gauge.

Connections are shown in Figures 10
and 11, also simple loop measurements
from each end of the faulty wires, as
shown in Figure 6, with the opposite
ends of the wires open. In this case,
the loops are completed through the
fault.

Considering Figure 10, let
E = battery voltage used.
x = resistance of either wire from
the distant end to the fault.
| = resistance of either wire be-
tween stations.
f+ g =sum of the effective resis-
tatices of the two wires to
ground.
a = b = ratio arm resistances,

R = adjustable resistance to bring
the galvanometer reading

MEASUREMENTS
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to zero, or a balanced con-
dition.

The portion of Figure 10 composed
of resistances f and g, and conductor
resistances of x ohms, each form a =
or delta network which may be trans-
formed into an equivalent T network
as shown in Figure 11. The effect of
the shunt arm of the T is to lower the
sensitivity of the bridge for a given
galvanometer, with fixed battery po-
tential as pointed out in the discussion
on bridge sensitivity, This is because
the available wvoltage effective for

. Measurement purposes is less than the
battery voltage, by the amount of loss
caused by the sum of the voltage drops
across . . . {1)—the internal resistance

=of the battery, {2)—the ground resis-
tance, and (3)—the resistance of the
shunt arm of the equivalent T net-
work.

Here, we have

21ix
Ro=R+d+ —-——— (70)
f+g+2x
2gx
and X, =d+ ——mM8M— (2)
f+g+2x
which give, with a = b, and d =
[ — x, the equation of balance,
- 2gx
(1—x) + =
f+g+2x
21{x
1—x) 4+ +R (72)
f+g+2x

Solving this for the loop resistance to
the fault, from the distant end,

f+g
Z2x=R{§ ——
g—f—R

The quantity in parenthesis there-
fore represents a correction factor by
which the Varley measurement, R =
V, must be multiplied to obtain the
true Varley or loop from the far end.
Since neither of the quantities f or g
are known, two additional and inde-
pendent equations must be used to
evaluate the quantity 2 x. These are
‘readily obtained by making first a loop,
then a Varley measurement into the
trouble from the far end with the near
end of the wires open. Calling the
loop L,, and the Varley V, for these
conditions,

ohmis

f4g—L,—2x (74)

Substituting 74 and 75 in 73, the

and

resistance from the far end to the
trouble i3
L,
2x = ~— ohms (76)
Ve

and from the near end to the fault 1s

MEASUREMENTS

(73)

Figure i1

Corrected Varley
method equivalent of
Figure 10,

L,
2(l—x) =21—R —ohms

(77)
If the conductor resistance (cor-

rected for temperature), is r ohms per

loop foot, the distances are given as

2x RL,
D= — = —— feet (78)
T r 'V,
and
2(l—x) 21 RL,
X=meo = — — — — feet
T T r V., (79)

from the far and near ends respec-
tively. In addition to the restrictions
above imposed for accuracy, it is nec-
essary that the fault resistances re-
main constant during the period of
measurement. Further, to obtain the
value of r, either records or calcula-
tions must be resorted to, unless spare
pairs are available from which to ob-
tain more accurate data for location
of the faults. If the value of the loop
resistance L, is greater than the value
of R when a = b, the ratio may be
a
changed and -~ L, substituted in the

equations 74 to /9 wherever it appears.

Straight Resistance

Method I". This method assumes
that the wires have equal resistance
per conductor and have the same value
of leak to ground, or in IFigure 10,
that f = g. Also, the values of f and
g are assumed to remain corstant dur-
ing tests. With the condition of Fig-
ure 10 with f = g, two loop nieasure-
ments may be made, one from each
end with the opposite ends open, and
we may write, using, {f + g = h, and
calling the loop measurement L,

dy Lol — bl [2 (1 —X) + h] (80)
and A Lo = b (2% + k] (81)

where the subscripts refer to measure-
ments made at ends 7 and 2 respec-
tively. Solving &0 and 87 for the loop
resistance to the fault from end 2 (the

far end), by subtracting the second
from the first, and simplifving,

1 a, as
2X: ke 21__14“1+'—L02
2 b, be
ohms. (82)

Since 2 d is the loop resistance from
end I to the fault and 2d = 2 (1 —x),
using &2 with this, we get

2d=2(1—x) =
1 ady Ao . i
~1 214+ —L,——L.| ohms. (83)
2 b, [sS
When equal ratio arms are used at the
two ends, a;, = a, = aand b, = h, = b,
and &3 becomes
1 a
2d= - 21— — (L,..—Lu)
2 b
ohins. (84)
and finally, when a = b, from §4

1
2d=-[21—(L,,—L.)] ohms.(85)
2

Method 2. This method assumes
the same conditions as Method 1 and
1s subject to the same limitations, but
permits measurements to be made from
one end only. It thus possesses the
advantage of requiring only one bridge.
This method may also be used to de-
termine the valve of a high resistance
to low resistance cross when a suit-
able ground connection is not available
at the far end. When such ground
connections are available, it is much
more satisfactory and reliable to use
the regular grounded or metallic Var-
ley type of measurement.
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W. J. McGONIGLE. President

REMINISCENCES

£6¢ HE picture of the early

I deForest receiver in the 1906

Key West station that ap-

peared in the October, 1943, issue of

COMMUNICATIONS sure brings back

memories,” wrote Roscoe Kent in a
recent letter.

“In those days we simply twisted the
knobs of the tuners and variables until
we located a station, and then marked
the locations of dials on the boxes or a
sheet until the station changed its gap
length or location of helix clips. Then
we would hunt again.

“In those days a 35-kw station took
up hundreds of square feet of floor
space for the Hornsby-Akroid oil en-
gines, Bullock generators, plate glass
and tin-foil condensers, solenoid switch
in oil operated by the key, and the
hand-adjusted spark gap in the helix
as big as a barrel. And the antennae
system took miles of wire which had
to be repaired from a hoatswain’s chair
after climbing the old wooden masts.

“Then we were sailors, carpenters,
oil engineers, electricians, cable splic-
ers, riggers, wig-wag men, machinists,
telegraphers, cooks and chambermaids,
all in one,

“Joe Watts, V. Ford Greaves and
the writer, built old 'Si’ at Guantan-
amo, from the ground up, including
the buildings and masts, under Frank
E. Butler for Doc deForest and ‘old
man’ Elliott,

“Would like to hear from any of the
oldtimers who used to be at Key West
and Colon in the old days when the
above two stations with Guantanamo

were the ‘biggest wireless stations in
the world.”

I :D G. RASER writes in to say

that during the past two years
he has been traveling about all
over this country. At present he is
with the New Jersey State Police
Communication System, Radio Divi-
sion, in charge of all f-m transmitters
and equipment in Troop C. He was
formerly with the Signal Corps, en-
gaged in engineering development and
field test work,
According to a letter received by
Ed, Willard S. Wilson, formerly of

© . RCA BUILDING, 30" Rockefeller Plaza, New York, N

One of the early models
of spark transmitters
used by the late Mar-
coni. This unit was pro-
duced around 1912.

(Courtesy Clark
Radio Library)

Wilmington, Delaware, 15 now a
Major in the 10th U. S5 Air Force
located somewhere in India, He is a
communications officer there, and
would very much like to have the boys
write to him. His full title and ad-
dress 1s: Major Willard S. L. Wilson,
Headquarters, 10th U, S. Air Force,
APO 855, New York. Ed and Wil-
lard were in the Navy in 1917.

ANY a reminiscent story were

told at the recent Armed Ser-

vices Christmas party held in
New York, We learned, for instance,
that Herman (. Berger, who is now a
control engineer at WOR and who
started back in the spark days, is the
owner of the first tube ever modulated
over W]JZ. Edward A. Carroll,
who is now at WCAU, Philadelphia,
and has been there since 1931, told of
his early days in the Coast Guard in
1920, and then later in the Merchant
Marine trom 21 to ’28. . . . Oldtimer
E. D. VanDuyne, in radio since 1919
when he worked with A. H. Grebe,
was at the party too. He is now with
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. . Jim
Maresca, a VWOQOA charter member,
recalled his Signal Corps days during

RCA as a field engineer.

the first World War. From the RCA
Frequency Bureau executive, H. C.
Wilks, we learned of the 1922 days
of radio. . . . Announcer Roger Lum,
who was a radio ham in 1914, re- ;
vealed many interesting anecdotes of
that period. Roger was a commercial
operator in 1918, In 1922 he went to
WJZ, Newark, doubling as watch op-
erator and announcer. This was fol-
lowed by studio managership at WRC.

COMPLETE report on the 19th
A annual dinner-cruise held in

the Hotel Astor will appear
in the March issue of CoMMUNICA-
rI0Ns. This year’s affair appears to
be the largest we've had the pleasure
of running in a long time. . . . By the
way, the Yankee Chapter is honoring
Ted McElroy at their annual-cruise
in Boston, for his developments. He
will receive a suitable scroll at the
dinner, which will be given on Feb-

ruary 26th.
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WE'LL BET

o |
HESE CONDENSERS aze betrer

THAN THE ONES
YOU'RE USING

....aud thene's

A radical improvement in any product generally calls for
a radically new design—and that's the B & W Type CX
Variable Condenser to a “T”.

It has perfect electrical design symmetry plus built-in
neutralization,

It is more durable mechanically.

The design lends itself admirably to the built-in mounting

of standard B & W coils in such a way that lead lengths and
resulting lead inductance are reduced to an absolute minimum.

By any test, by any comparison you care to name, it will
prove itself superior to conventional types.

True, the shape and physical dimensions of the B & W
Type CX Condenser are such that minor design modifica-
tions of existing equipment are necessary to incorporate
them—but the results are well worth the effort. As for new
equipment, CX Condensers are remarkably convenient and
effective—facts which B & W engineers welcome the oppor-
tunity to prove. Write for folder.

www americanradiohistorv com

235 FAIRFIELD AVENUE, UPPER DARBY, PA.

Exciusive Export Representatives: lindeteves, fnc., 10 Rockefeller

Ploza, Mew York, N. Y., U. 8§ A,
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NEWS BRIEFS OF THE MONTH ... —

STANDARD FREQUENCY BROADCAST
CHANGES

Two changes in the standard frequency
broadcast service of the National Bureau
of Standards have been announced. One
1s the addition of a new radio frequency,
2,500 kilocycles per second, at night. The
other is omission of the pulse on the 59th
second of every minute.

X * sk

G. E. TO BUILD 40-KW TELEVISION
STATION FOR WGN

General Electric has been commissioned
to build a 40,000-watt television trans-
mitter and elaborate studio equipment tor
WGN, Chicago, to be delivered after the
war or as soon as priorities, as deter-
mined by the War Production Board, per-
mit its construction.

* B St

HENRY JOHNSON NOW LT. IN NAYY

Henry C. L. Johnson, former advertising
manager of the radio division of Sylvania
Electric Products Inc., has been promoted
to the rank of full lieutenant in the
United States Navy.

x ok ok

LODGE NAMED ACTING ENGINEERING
DIRECTOR OF CBS

William B, Lodge has been named act-
ing director of the CBS general engineer-
ing department,

Lodge, a graduate of Massachusetts In-
stitute of Technology, joined the Colum-
bia Broadcasting System in December,
1931, as a technician. In 1934 he be-
came a member of the network’s general
engineering department, and three vears
later was named engineer in charge of
the radio frequencies division.

D. W. MAY FORMS OWN DISTRIBUT-
ING UNIT

D. W. May has resigned as Eastern re-
gional manager of the electronics depart-
ment of G. E. and formed a new dis-
tributing company, D. W. May, Inc, 1
East 42 Street, N. Y. City.

First connection announced for the new
firm is the exclusive franchise for dis-
tribution of Farnsworth Television and
Radio for the entire metropolitan market
including New York and New Jersey.

* % %

CHANGE IN SMPE CONFERENCE
DATES

The Society of Motion Picture Engineers

will hold its 55th semi-annual technical

conference at the Hotel Pennsylvania.

New York, April 17, 18 and 19, instead

of April 25-27, as previously announced.
* ow %

N. A. PHILIPS BUYS PHILIPS METALIX

North American Philips Company, Inc.,
Dobbs Ferry, New York, has purchased
the assets and factory of its affiliate,
Philips Metalix Corporation.

Philips Metalix Corporation has been
manufacturing x-ray tubes and equip-
ment for the medical profession, hos-
pitals, industry and the government since
1934. The business will continue as the
Metalix Division of North American
Phihips Company, Tnc.

PIERCE ELECTED WGAR V-P

R. Morris Pierce has been elected vice
president in charge of engineering of sta-
tions WJR, Detroit; WGAR, Cleveland,
and RMPC, Los Angeles,

Mr. Pierce has been WGAR chief engi-
neer for thirteen years. He served as
chief engineer in the Psychological War-
fare Branch, U. S. Army in North Africa
and Sicily for seven months last year and
is currently on leave again.

* ok

CONNOR NOW WEST COAST
SYLVANIA MANAGER

George C. Connor, Sylvania Electric
Products, Inc., field engineer, has been
appointed manager of the California diyi-
sion of the equipment tube sales division.
Mr. Connor’s headquarters will be in the
Los Angeles office, 555 South Flower
Street.

ko ok ok

UNIVERSITY SPEAKERS USED
{N KISKA LANDING

American-Canadian forces invading Kiska
recently, used a public address system in
their landing operations. This p-a equip-
ment included reflex speakers made by
University  Laboratories, 225 Varick
Street, N. Y. 14 N. Y.
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ALLEN DU MONT ELECTED TELEVISION
ASSOCIATION PRESIDENT

Allen B. DuMont, president of Allen B.
DuMont Laboratories, Inc, has been
elected president of the newly formed
Television Broadcasters Association, Inc.
Other officers elected were: Lewis Allen
Weiss, Don Lee Network, vice president;
Jack Poppele, station WOR, New York,
assistant secretary-treasurer.

Directors elected for three years in-
clude O. B. Hanson, NBC; E. A, Hayes,
Hughes Tool Company, and Paul Rai-
bourn, Paramount Pictures. Elected as
directors for two years were Worthing-
ton Miner, CBS; Robert L. Gibson, Gen-
eral Electric Co., and Lewis Allen Weiss,
Don Lee Network. F. J. Bingley, Philco,
Allen B. DuMont, and E. W. Mason of
Earle C. Anthony, Inc., were elected to
one year terms,

The organization voted to join the
RTPB as a sponsoring member.

* ok %

GLASS INSULATORS APPROVED !

The American Standards Association has
announced the approval of a new Ameri-
can war standard for glass radio in-
sulators ((C75.8-1943).

These specifications cover the perform-
ance requirements, test methods, and
standard dimensions for a standard series
of glass insulators of the quality required
by the Army and Navy. The basic specifi-
cation for glass material is the American
war standard ceramic insulating 1inate-
rials, Class L, C75.1-1943.

* ok 3k

CHICAGO TO HAVE NEWA WAR CON.-
FERENCE IN APRIL

The second War conference of the Na-
tional Electrical Wholesalers Association
will be held at the Stevens Hotel, Chi-
cago, Illinois, April 19th to April 22nd.
Charles G. Pyle, Managing Director of
NEWA, indicated that the war confer-
ence will include a complete review of
the membership’s participation in the
many phases of the war program, and a
report of the postwar planning commit-

tee.
X k sk

MORE TELEVISION RECEIVERS TO
WOUNDED VETERANS' HOSPITALS

Forty-five television receivers are being
installed in hospitals for wounded ser-
vice men by NBC and RCA, in coopera-
tion with G.E. These receivers are in
addition to the first ten RCA instruments
which have been in operation in six hos-
pitals since last November.

¥ ok %

DR. A. W. HULL RETIRES AS AMERI-
CAN PHYSICAL SOCIETY PRESIDENT

Dr. Albert W. Hull, assistant director of
the G. E. Research Laboratory, retired
recently as president of the American
Physical Society. In his address at Co-
lumbia University he said that physical
sclenice can provide for the ill of unem-
ployment in the postwar world.

Dr. Hull mentioned the electric indus-
try which, as the result of research, has
reduced the cost of electric power and
famps, and has produced such new prod-
ucts as x-rays, radio, refrigerators, etc.,

(Continned on page 86)
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THE WORLD'S GREMEST

AIRLINE -

Signal Corps Photo _

dirdrome Traffic Control Tower some-
where along the lines of the Army Air
Forces. Operated by the Army Airways
Communications System Wing. Main-
tains two-way communication between
airfield and aircraft.

Transmitter for Airport Traffic Control.p
Output roting 50 watts, Frequency
renge 116 to 126.25 megacycles,

the Army Air Forces Airways

Routes of the World’s Largest Airline . . .

Our P rQUdQSi' Ad‘lieveme“f— A gigantic network of air routes—
more than 100,000 miles of communications, landing fields and supply depots
—that’s the Army Air Forces Airways. RADIO RECEPTOR’S contribution
to the equipment of the radio life-line of these airways is its proudest achieve-
ment, Developed in pre-war days . . . refined and simplified in the crucible
of conflict, RADIO RECEPTOR airway and airdrome equipment will be

ready, when victory comes, to doff its war paint and resume civilian dress.

Plun Now for Viﬂory = Although our entire production now goes

to the Army Air Forces, the Signal Corps and other war agencies, our engi-
neers will be glad to confer with you on your plans for peace. The 6,000 new
airports, estimated by the CAA as needed by the country, will require virtually
the same type of equipment which is being supplied to the military services.
To the thousands of municipalities planning the expansion of existing air-

ports, or the construction of new ones, we offer our experience. ¢

Write for our interesting, non-technical booklet, “Highways of the Air”, which explains
the importance of radio to aviation. Desk C-2.

Awarded for Meritorious
Service on the Production Front,

SPEED THE DAY OF VICTORY
BUY MORE WAR BONDS

Control Cabinet Assembly. Consists of P
transmitter remote control unit, loud .
speaker and two fixed frequency airport
receivers.

RADIO RECEPTOR €O.. INC. ..o

Engineers and Manufacturers of Airway and Airport Radio Equipment DEMEL RN X,

SI NCE

19 2 2 I N R ADIO A ND ELECTRONIC_S
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THE INDUSTRY OFFERS...—...—...—

DE JUR POTENTIOMETERS

Precision potentiometers which are said
to operate for 2,500,000 revolutions at
360° continuous rotation in both direc-
tions, for 24 hours a day, have been an-
nounced by DeJur-Amsco Corporation,
Shelton, Conn. )

Resistance wire on these potentio-
meters are space-wound on a strip of
fabric base bakelite on special machines.
The strips are then coated with a bond-
ing agent which bonds the wire to the
strip. After this, a protective bakelite
band is placed externally over the fine
wire strip, securing the wire against me-
chanical damage or derangement. I{ is
next bent around and fastened to the
bakelite supporting form. Constant con-
tact resistance and low noise level are
said to be maintained for any position of
the knob through the use of separate wip-
ing fingers.

Types 261, 281, 291, 276, 292, and 296
have top wipers which are provided for
the highest types of accuracy and for
the closest tolerances. Designed as low
operating temperature type, as defined by
the American Standards Association.

AVERY ADHESIVES

Industrial pre-cut masking stickers that
can be applied without moistening and
peeled off without scraping or tearing
have been announced by Avery Ad-
hesives, 451 East 3rd Street, Los An-
geles 13, California.

DIALCO PILOT LIGHT ASSEMBLY

A new pilot light assembly known as the
Compacto, is now available from the
Dial Light Co. of America, 90 West
Street, N. Y. City. The unit is intended
to serve two primary purposes: {1)}—to
adapt a large jewel holder to a panel
where mounting space behind the panel
is limited, and (2)—to provide a large
surface light on a low voltage panel.

Made of brass, or aluminum, with the
socket housing made of Navy specifica-
tion bakelite sealed with bakelite varnish.
Screw-in type jewel holder.

Finishes may be any of a choice of
seven approved platings. Lenses may be
smooth or diamond-faced; if smooth, they
may be clear color, sandblasted on back,
or sandblasted over-all. Lens colors may
be red, green, amber, blue, yellow, opal,
white or clear. Trademarks, numerals,
letters or special signals may be incorpo-
rated in the jewel assembly.

The unit has silver-plated vibration-
proof terminals, and may be had
grounded or ungrounded. The socket ac-
commodates the following lamps in all
voltages: T34 miniature bayonet base
single contact lamps; TS-53 miniature
bayonet base lamps, and Mazda 51 G314
miniature bayonet base lamps,

QIL TYPE CAPACITRONS

Heavy duty 3- and 4-mfd oil type capaci-
tors with d-c working voltage ratings
from 600 to 1,500 are now being manu-
factured by Capacitrons, Inc., 318 West
Schiller Street, Chicago 10, Illinois.

A bakelite neck is lock-spun into an
extruded, insulated metal container.
Grounding of either insulated terminal
is accomplished with a special ground-
lug. Units are 114" x 414",

0 e COMMUNICATIONS FOR FEBRUARY 1944
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WEBSTER VOLTAGE REGULATOR

A high-wattage voltage regulator VR-
2200, has just been released by Webster-
Products, 3825 West Armitage Avenue,
Chicago 47, Illinois. The regulators
are ot the carbon pile style, and are said
to dissipate 300 to 400% wmore power
than previous conventional designs, yet
occupy the same chassis space, with 8%
less cubic volume. They are 6% heavier.

Many different applications are said to
be possible, In one, the resistance of the
carbon pile is in one side of the line and
the regulator operates to vary this resist-
ance automatically so as to produce con-
stant voltage across the load. In another
typical application, the voltage regulator
varies the field excitation of an inverter,
alternator or special dynamotor in such
a manner as to produce constant outpt
voltage across the load. Where the de-
vice is delivering a-c, a rectifier may be
provided to supply the regulator solenoid
circuit,

The VR-2200 units will handle 100
watts in the pile with an air flow through
the fins of approximately 25 cubic feet
per minute, and up to 506-75 watts with-
out air blast. Piles can be provided with
a resistance range of the order of 20 to
1, the total range of maximum values
being from less than 1 chm to about 100
ohms.

GROOVED FLUX WIRE SOLDER

A new type of fluxed wire solder, Flux-
rite, which contains flux in longitudinal
grooves on the surface rather than in
the conventional core, has been announced
by the National Lead Company, 111
Broadway, N. Y. 6, N. Y.

Since the flux is outside rather than
inside, it liquefies and fows onto the

{Continued on page 82)
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fr you have ever walked into the
white hush of a modern operating
room you have seen the metered in-
struments on which the surgeons de-
pend as the age-old battle of life and
death is fought across the operating
table. These meters must be true. They
*must be unfailingly precise. Life itself
depends upon them.

It is measuring, metering, and test-
ing equipment of this kind—equip-
ment that accepts the responsi-
bility of sustained accuracy*— that is
built by Boes. Whether it be for
the professions, the sciences, or for
production, a Boes-made instru-
ment is worthy of the work that
it must do.

M@ﬂ life and death ride on a slender needle . ..

* SUSTAINED ACCURACY is not an easy
quality to achieve. It must take into account
all factors of use—must then employ the
design, the alloys, the construction that
infallibly protect an instrument against all
threats to its reliable performance. Such
instrumnents, obviously, must be built with
performance—not price—in mind. We invite
the inquiries of those who are interested in
such standards,

3@% YA

for Measuring, Metering & Tesring Equipment Y The W, W, Boes Co., Dayton, Ohio
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THE INDUSTRY OFFERS...-—

(Continued from page 80)
work before the solder melts, according to
the manufacturer.
The new product comes in the same
diameters as regular cored solder. It
is available in two compositions desig-
nated as red stripe and green Stripe.
These designations refer to the color of
the flux which has been dyed in each
case for ecasy identification.

* ok x

HARCOQ TELESCOPIC MAST

A telescopic 90-foot mast that is said to
withstand a wind pressure of 125 miles
.| an hour and can beé erected from ground
anchors to top cross-arm in about an
hour has been announced by the Harco
Steel Construction Co., 1180 E. Broad
St., Elizabeth, N. J. The mast is also
available in heights from 25 feet up to
200 feet.

Smallest section of the 90-foot mast is
3%” in diameter and the seetions in-
crease to 434” in the center. The unit,
complete with cross-arm of approximate-
ly 8 feet, takes less than 12 cubic feet of
shipping space when dismantled. Weight
750 pounds, exclusive oi shipping con-
tainers.

k k ok
ACME ISOLATING TRANSFORMER

An isolating transformer that eliminates
interference affecting test work has been
produced by Acme Electric and Manu-
facturing Company, Cuba, N. Y.

The transformer has a secondary that
is completely enclosed in a copper shield.
Secondary terminal connections are pro-
vided by means of a lead shielded cable,

PRECISION.

VARIABLE ATTENUATORS

Total Impregnation
Precision-Machined
Stone-Lapped Contacts
Single Full-Reamed Bearing
Ground Shafts

Quiet Operation Assured

Cinema Engineering Co.

1508 West Verdugo Ave., Burbank, Calif.

WHEN YOU CHANCE
YOUR ADDRESS

Be sure to notify the Subscription
Department of COMMUNICATIONS
at 19 E. Forty-seventh St., New Yerk 17,
N, Y., giving the old as well as the new
address, and do this at least four weeks
in advance. The Post Office Depari-
ment does not forward magazines unless
you pay additional postage, and we
cannot duplicate copies mailea to the
old address. We ask your cooperation.

-

THE BI’RTCH-"ER }:onpomnou

Monufaocturers of AIRCRAFT
and RADIO PARTS

- SEND FOR CATALOG

. GENEVA, ILL.

[CHICAGO OFFICE
0] MERCHANDISE MART .

5087 HUNTINGTON DR. LOS ANGELES 32

TR rh B T e
" THE TUBES YOU CAN
ol it § e i e e ; oo
D P : i . ey
s Bl e o SR

Rectifiers - Phototubes - Ei’ectrqnf'cl"fugég
Prompt deliveries on most types

& CONTINENTAL FLECTRIC COMPANY

WEW TORE OFFIDE
Ju5 W Ik 5T
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the sheath of which is integrally joined
to the copper enclosing shield cf the
secondary winding.

Normally rated at 2 kva, the unit is said
to be capable of handling an over-load
of 50% or a total load of 3 kva. The
regulation of the transformer is 1% at
1 kva. The lighting in the shielded test-
room, the use of soldering irons, instru-
ments and various types of test equip-
ment may all be operated from the shield-
ed secondary of the transformer without
causing objectionable voltage drop. The
use of instruments or equipment niay be
used as the need requires, the load being
switched on and off without affecting the
relatively constant voltage necessary for
accurate testing.

This transformer type T-4173, sweighs
approximately 123 pounds; has a length
of 181", height of 9%, and overall
width of 10 7/16", with mounting centers
of 6 15/16" x 94", Also available in
sizes of 1 kva and 4 kva.

% ko ox

ONE OUNCE ACRO MIDGET SWITCH

A l-ounce snap midget switch built on
the rolling spring principle, 9/16” wide
and 7/16"” thick, has been developed by
the Acro Electric Company, 1319 Su-
perior Ave., Cleveland 14, Ohio.

The switch is designed for actuation
from either the top or the bottom. Both
the snap-action spring itself and the cen-

" ter blade are made of beryllium, while
the base is of bakelite. Under factory
tests the switch has shown no {failure
after 94 million operations. When built
mto relays, smaller coils may be used as
only 4 to 6-ounce operating pressure is
required.

Furnished in single pole, normally
open, normally closed, and double throw
with both pre-travel and over- travel Pro-

vided.

PLN. PLUNGER

CLARK QUARTZ CRYSTAL CUTTING
TABLE

A quartz orientation replacement table,
that is said to be adaptable to any quartz
cutting saw, has been announced by the
Robert H., Clark Company, 9330 Santa
Momica Boulevard, Beverly Hills, Cali-
fornia. The table is used in positioning
the quartz to facilitate extreme accuracy
for cutting crystals,

The table can be rotated 360° and pro-
visions are made for- the X correction

{Continwed on page 84)

HE familiar adage concerning “no
chain being stronger than its weakest

link” may well apply to Cable Connectors used in

the assembly and installation of Radio Communica-

tion Systems.

Approved Grip-to-Talk GDN

Dynamic Microphone for

airplane dispatching and fac-
tory paging systems.

It is important, therefore, to know
that the precision and care exer-
cised in the manufacturing of Co-
axial Cable Connectors by The
Astatic Corporation assure de-
pendable service even under the
most trying conditions. Approved
by Army and Navy Engineers and
highly praised and used by many
leading manufacturers of elec-
tronic equipment, Astatic Con-
nectors measure up to highest
expectations in every way. In-

creased manufacturing facilities

msure prompt shipments.

Astatic Manufacturing Pickups
for Government Agencies

Astatic Pickups, long used and praised by a majority of the leading
manufacturers of Radio-Phonograph and Playback Equipment, are
now being made in large quantities for various government agencies.

These pickups, of rugged construction and highly efficient repro-

ducing qualities, are made to play transcription size recordings and

are finished according to the specifications of the respective branches

of the service for which they are intended.

ASTATIC.

IN CANADA |
CANADIAN ASTATIC, LTO,
TORONTQ, ONTARIC

THE ASTATIB BURPURATIUN

vouunsrnw’
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MEASURES
QUANTITIES

direct and instantaneous

5 microhms and up 1o 1,000,000 me-

LABORATORIES|

I LINCOLN STREET
JERSEY CITY 7, N. J.

]
i

SR

. readings of resistance values down to

-4

THE INDUSTRY OFFERS...—

(Continued from page 83)

with a conveniently located scale and
pointer.

Spring-loaded gears in the gear-train
are said to eliminate back-lash. The
gears on the sector-arm and the gear-
train are meshed under constantly main-
tained tension to eliminate any inaccur-
acies due to tooth wear.

Gear case is protected by a Lucite
cover to prevent quartz loaded coolant
from getting into the precision gear
mechanism.

Simple cross-adjustments are provided
under the table for positioning horizon-
tally. Screw and scale are provided for

tilt adjusting the top plate.

GENERAL CEMENT WIRE STRIPPER

A wire stripper with an improved auto-
matic sitay open feature that is said to
facilitate stripping insulation from very
fine stranded wires has been announced
by General Cement Mifg. Co., Rock-
ford, Illinois. The mechanism of the new
tool, known as the Speedex Wire Strip-
per, is designed to hold the jaws of the
stripper open until the wire is removed.

The stripper removes insulation from
all types of solid or stranded wire from
No. 8 to No. 30. It can be used to cut
wire when desired. Approximately 750
to 1,000 wires can be stripped per hour
by the average operator, according to
the manufacturer.

Hardened steel precision ground cut-
ting blades can be purchased separately.

ALLIED CONTROL TELEPHONE
TYPE RELAYS

A relay, model TSU, for bottom
mounting, specifically designed for crys-
tal switching, and suitable for various
high frequency, plate circuit and general
utility applications, is now available from
Aliied Control Company, Inc, 2 East
End Avenue, New York 21, New York.

Contact arrangements can be supplied
normally open, normally closed, single
pole double throw, or in any two com-
binations. The contacts will carry two
amperes at voltages to 24 volts d-c and
115 volts a-¢, non-inductive load. Coil

§¢ e COMMUNICATIONS FOR FEBRUARY 1944
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PREMAX ANTENNAS

Are helping to make possible the split
second communications between various
units of the Armed Forces.

Antennas and Mountings are available
in many standard and special types to
suit every need.

Division Chisholm-Ryder Co., Ine.
4401 Highland Ave., Niagara Falls, N. Y.

UNIVERSITY
REFLEX
SPEAKERS
are now the
ACCEPTED
STANDARD

for alf

WAR USE

EVERY REFLEX
in the
UNIVERSITY LINE
is the result of
YEARS of
RESEARCH

EVERY REFLEX
in the
UNIVERSITY LINE
has a vital part
to play in the
WAR PROGRAM
There are
OVER 50 SPEAKERS
in the
UNIVERSITY LINE

Svbhmlt your
special prob-
lems direct to

our englneering

department.
T 5
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resistances are available from a fraction
of an ohm to 5,000 ohms.

These relays are said to be capable
of withstanding vibrations up to 10 G.

A model, TSL, is also available for
end mouuting. Both TSU and TSL
types are .available with ceramic or bake-
Iite insulation. Their overall dimensions
are 1147 x 34" x 114"; weight, 114

ounces.

® &
LANGEYIN AMPLIFIER

An amplifier with inkerent noise level
68 db unweighted below full output of
plus 47 vu at 2 per cent rms harmonic dis-
tortion is announced by Langevin Com-
pany, Inc, 37 West 65th Street, N. Y,
23, N. Y. With an input impedance of
600 ohms, the gain is 60 db. Using bridg-
ing input, the gain is 46 db. Output im-
pedance is adjustable 1 to 1,000 ohms.
(Gain versus frequency and power out-
put versus frequency characteristics are
available upon request.

5

FONDA CELLOPHANE-TAPE
RECORDER AND PLAY BACK

A sound-recording and play-back unit,
using cellophane tape, and capable of up
to eight hours of recording, was recently
announced by the Fonda Corporation,
245 East 23rd Street, N, Y 10, N, Y.

The tape used is a little more than an
inch in width. It is an endless loop 320
feet long and permits up to eight hours
of constant recording.

The recorder is a development of Jay
Fonda, chief engineer of the corpora-
tion. A yieldable felt bed directly under
the recording needle is used in Fonda‘s
system.

The tape, which is about twice the
thickness of ordinary cellophane, runs
under the needle at a rate of about 40
feet a minute and 1s capable of carrying
60 parallel grooves. Both the recording
and reproducing needles have permanent
gem points.

At present three models are available;

(Continued on page 106)

e

Signal Corps and

PLUGS &
CONNE

b

CTORS

Navy Specifications

. Types: PL
50.A 61 74 114 150
54 62 76 119 159
55 ) 63 77 120 160
56 64 104 124 354
58 45 108 125
59 67 109 127
60 68 112 149
PLP PLQ PLS
56 65 56 65 56 b4
59 67 59 67 59 65
&0 74 60 74 60 74
61 76 61 76 &1 76
62 77 62 77 62 77
63 104 63 104 63 104
b4 64
NAF
113641 No. 212938-1

Other Designs to Order

A QUIET CORNER ON THE

"SECOND FRONT"

A corner of the depariment

devolted to inspection of

plugs and connectors. Signal

Corps inspectors in constant
aftendance.

SKILI.ED REMLER ENGINEERS ond
technicians, plus complete tool and die,
plastic molding and screw machine fa-
cilities permit complete follow through
on prime or sub-contracts for the manu-
facture of componehfs and complete
communication equipment. Each step,
from specified or original designs to fin-
ished job is rigidly supervised. Present
confracts and schedules enable Remler
to consider additional electronic assign-
ments. Extensive facilities and improved
techniques frequently permit quotations
at lower prices.

Wire or telephone if we can be of assistance

REMLER COMPANY, LTD.
2101 Bryant St. - San Francisce, 10, California

REMLER

SINCE 1918

-ﬁnnounc[ng & Communication fgm;;ament
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TUBE SOCKETS
Designed for Application

MODERN SOCKETS for MODERN TUBES!
long Flashover path to chassis permits
use with transmitting tubes, 866 recti-
fiers, etc. Long leakage path between
contacts. Contacts are type proven by
hundreds of millions already in govern-
ment, commercial and braadcast service,
to be extremely dependable. Sockets
may be mounted either with or without
metal flange. Mcunts in standard size
chassis hole. All types have barrier be-
tween contacts ond chassis. All but octal
also have barriers between individual
contacts in addition,

MFG. €O., INC.

MAIN OFFICE AND FACTORY

 MASSACHUSETTS

NEWS BRIEFS
(Continued from page 78)
which gave employment to hundreds of
thousands.

As a vyardstick for the value of new
products, he cited the screen-grid tube.
“Radio receivers were made without it,”
he said, “and could be now, but they
would require twice as many tubes and
circuit elements, and would cost twice as
much. The American people spent four-
hundred-million dollars for radio receiv-
ers in 1941, Without screen-grid tubes
the cost would have been double that

$400,000,000 a year.”
WOMEN AND MEN SHARE IN G.E.
PRODUCTION AWARDS

Top production ideas during 1943 went
to women war workers as well as men at
General Electric plants. The women em-
plovees, many of them new in industry,
added to the total of accepted manufac-
turing suggestions, thus raising the
awards granted to 47% above the previ-
ous vear's all-time G. E. high.

Mrs. Edith Hogan of the West Lynn,
Massachusetts plant received the highest
single award for suggesting the marking
of instrument dials mechanically rather
than by hand, thus saving four hundred
woman-hours a week,

Mrs. Anna Turnbull of the Bridgeport,
Connecticut plant received a substantial
award for suggesting that cotton wrap-
pings on military communications devices
be burnt off rather than scissored off.

Anthony Szot of the Schenectady plant
received the greatest portion of the
awards. His suggestions included methods
for reducing four operations to one in
machining various models, and for elim-
inating a roughing operation.

Other suggestions covered methods of
finishing, reusing skids, winding, rotating
elements, etc.

sk ES ]
MALLORY CATALOG
A 36-page 1944 edition of the catalog on
parts and accessories has just been issued
by P. R. Mallory & Company, Inc., Indi-
anapolis, Indiana.

Data in this new edition covers atten-
uators, battery boosters and chargers, bias
cells, r-f chokes, paper and dry electro-
lytic capacitors, rheostats, variable re-
sistors, volume controls, ete.

A section is also devoted to the Mal-
lory vibrapacks. A base diagram chart
as well as a replacement chart for the
interrupter and synchrouous type vibra-

.

SCR-299 REPLICA

WAC Sergeant Mary Jane MacGuire and
Wililam J. Halligan, president, Hallicrafters,
Inc., inspecting the display model of the
Signal Corps' mobile radic unit, Hallicrafter
SCR-299, part of the Signal Corps Produc-
tion Incentive exhibit now on
tour of war plants.

value. Hence, the tube saves the public

IRADIO AND]
ELECTRONIC]
| COMPONENTS |

Hurried to you as quicklyas
wartime conditions permit!

' A
()
;z ;: needed parts /
and equipment for

INDUSTRY « MILITARY
SERVICES * TRADE SCHOOLS

Only the finest qualities from
America’s leading manufacturers!

Backed by 18 years of sound
experiences in the field, Harvey
can. help you with merchandise
... with technical advice...with
priority problems. Write, wire or
telephone...orders accepted in
any size and
quantity. If we
don't have what
you want in
stock, we'll get
it for you.

8 WE Deliver! |

103 WEST 43rd ST., NEW YORK 18,N.Y. |
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tors is also included. This chart covers
replacement data for a variety of receiv-
ers ‘and also supplies physical and elec-
trical specifications for various type Mal-
lory vibrators.

* k%

LIP MICROPHONE FEATURED IN
BAKELITE REVIEW
The currrent issue of the Bakelite Re-
view, published by Bakelite Corporation,
30 East 42nd Street, New York 17, con-
tains an interesting analysis of the lip
microphone now being used in the armed
services.

This issue also contains data on plas-
tics in relays, antenna loops, etc.

® kX

HOFFMAN JOINS MACHLETT LABORA-
TORIES

Henry J. Hoffman has been appointed
sales manager of the power tube division
of Machlett Laboratories, Inc.,, Norwalk,
Conn. He will also serve as adminis-
trative assistant to Miles Pennybacker,
vice president.

Mr. Hoffman was formerly general
manager of the special products division
of Westinghouse. At present he is chair-
man of the electronics division of the Na-
tional Electrical Manufacturers Asso-
clation.

MEISSNER TO MAKE PHONO-
RECEIVERS
Combination receiver-record players with
a unique tone control system will be made
by Meissner Manufacturing Company,
Mt. Carmel, Ill, in the postwar, accord-
ing to G. V. Rockey, vice president.
The new unit will also feature a new
record changing device, that will play
continuously for two hours or more. The
record-changer is said to be capable of
playing all records on one side, and then
the other side. Or, it may be set to play
both sides of each one before going on
to the next. It 1s possible, also, accord-
ing to Mr. Rockey, to reject any record
in the series whether the machine is set to
play in a straight run or on a work and
turn basis,
UTC EMPLOYEES HONOR MITCHELL
At a recent meeting of employees and
guests of the United Transformer Com-
pany, president I. Allen Mitchell was
(Continued on page 88)

A SCIENCE. 4o iu
" THUNDERSTORM

BEN FRANKLIN dared to prove the relation between lightning
and static electricity with a kite, key and string, during o

thunderstorm. With luck he lived to give impetus to the new

science of electricity . .. This same adventurous experimental

spirit has been shown throughout the history of electrical

science in America.

In Stancor laboratories interest centers upon the transformer:

the master coordinator of electronic energy. While Stancor

Transformers now are being used for control systems in war,

military challenge has produced important new developments

for use in peace-time industry ... For tomorrow, Stancor—is

a name to remember.

oo STANGOR
(o « Transfornmens

STANDARD TRANSFORMER CORPORATION
1500 NORTYH HALSTED STREET - CHICAGO

Manufacturers of gqualily transformers, reactors, rectifiers,
power packs end allied products for the electronic indusivies.
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® This typical Aerovox high-volt-
age oil capacitor is conservatively
rated at 50,000 volts D.C. working,
for intermittent service,

Special facilities account for the
large-scale production of these
huge capacitors for wartime needs.
Giant winding machines handle up
to several dozen ‘“papers” at a
time; a battery of huge impregnat-
ing tanks permits long pumping
cycles and thorough vacuum treat-
ment and oil impregnation—these
and other exceptional production
facilities insure a superior product
— today, to win the war; tomor-
row, to win a better peace.

€ Wyrite For Literature . .

AEROVOX CORP. NEW BEDFORD, MASS:, U. S. A,

In Canada; AEROVOX CANADA LTD., HAMILTON, ONT.

| Export: 13 E. 40 S7._New Yosk 16, N.Y.- Cahle: "ARLAB’

NEWS BRIEFS

(Continued from page 87)
awarded a plagque “in appreciation of
(his) fine and cooperative spirit.”

* ok %
B. & W, HEAYY-DUTY VARIABLE CON-
DENSERS CATALOG
A 4-page catalog, 75C, describing CX
heavy duty condensers, has been issued
by Barker & Williamson, 235 Fairfield
Ave., Upper Darby, Pa.
The condensers feature built-in neu-
tralization with short lead coil mounts.
* % k&

RADIO RECEPTOR AIRCRAFT
COMMUNICATIONS BOOKLET

Radio’s contribution to the safety of life
and property on aircraft is described in
a new booklet Highways of the Asr, pub-
lished by the Radio Receptor Company,
251 West 19th Street, N. Y. 11, N. Y.

In non-technical language, the function
ofl aircraft communications equipment is
told.

Among other topics explained is the
airport traffic control system, as installed
at LaGuardia Airport in New York, the
new National Airport at Washington, D,
€., and other modern air terminals. Vari-
ous components including radio ranges
and the several different types of mar-
kers are described and their uses dis-
cussed.

* ok ok

DR. JOLLIFFE WRITES "43 RADIO
INDUSTRY REVIEW

A review of the radio industry in 1943
has been prepared for the American Year
Book by Dr. C. B. Jolliffe, chief engineer
of the RCA Victor Division of Radio
Corporation of America, Camden, New
Jersey. Principal subjects discussed by
Dr. Jolliffe include domestic broadcast-
ing, international broadcasting, radio ser-

L 84 Purchase Si.

“SURCO-AMERICAN"

meand PRETESTED
wnden all conditions

“Surco-American”  high  quality
Hexible plastic tubings and insu-
lated wire are pretested io stand
up under a wide range of tempera-
turesa and under the most severe
conditions because they are spe-
cially formulated to rheet the most
exacting requiremenis. Tubings are
available in inside diameters ifrom
005" to 2. Dielectric strength
averages 1500 volis per mil. thick-
ness . . . Surco-American’’ flexi-
ble plastic insulated wire is avail-
able in all lengths and colors in
wire sizes #12 to £48 A.W.G. solid
or stranded. shielded, tinned or
silver plated copper wire and cable
) Technical bulleting and sam-
ples on request. ©~

Address Dent. L ‘

ELECTRICAL INSULATION CO.
Boston, Mass.

FOR ACTION
PHONE! WIRE! WRITE

mechanical requirement.

8. 10, and 12 contacts,

2460 W, GEORGE STREET
CHICAGO 18, ILL.

JONES 500 SERIES
PLUGS AND SOCKETS

Designed tor 5,00¢ volts and 25 amperes.
All gizes polarized to prevent incorrect
conmnections, mo matter how many sizes used om
2 single installation. Fulfill every electrical and
Easy to wire and im-
stantly accessible for inspection. Sizes: 2, 4, 6,
Send for a copy of Bul-
letin 500 for complete information. Write today.

HOWARD B. JONES
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vicing, police and aviation radio, and elec-
tronics.
SONGRA RECORDS TO BE
DISTRIBUTED NATIONALLY
Phonograph records will be distributed
nationally by Sonora Radio & Television
Corporation, Chicago. The facilities of
WOR, Mutual Broadcasting System in
New York City, will be used to produce
all records.

* ko
. 7. & T. LUNCHEON FOR VENEZU-
ELAN PRESIDENT
A luncheon in honor of His Excellency,
General Isalas Medina Angarita, Presi-
dent of Venezuela, and his official party,
was given recently by International Tele-
phone and Telegraph Corporation, with
Colonel Sosthenes Behn, president of I
T. & T., as host.

ok %
INSTRUMENT SPECIALTIES ISSUES
BERYLLIUM DATA
A four-page folder discussing the present
beryllium copper supply has been released
by Instrument Specialties Company, Inc.,
Little Falls, New Jersey. The folder, en-
titled Spiking A Rumor, analyzes the
present status and the fufure prospects
of the beryllium copper supply.

* % ¥

RCA PROMOTES UNDERHILL
Charles R. Underhill, Jr., RCA service
representative in Pittsburgh for the past
sixteen years, has been promoted to the
home office staff of RCA’s theater equip-
ment section in Camden, New Jersey,
where he is now in charge of the com-
pany’s motion picture screen activities.

¥ k%
F. LONG JOINS UNIVERSAL MICRO-
FHONE
Floyd Long, radio engineer at the Qak-
land Airport for UAL, has joined the
staff of the Universal Microphone Com-
pany, Inglewood, California, as technical
engineer in the production control labo-
ratory in charge of all company test
equipment.

Wk %
PRECISION PAPER TUBE COMPANY
EXPANDS :
Additional manufacturing facilities have
been acquired by Precision Paper Tube
Company, 2035 West Charleston Street,
Chicago 47, Illinois.

kK
EPEM HOLD CHICAGO CONMNFERENCE
Members of the Association of Elec-
tronic Parts and Equipment Manufactur-
ers met recently at the Electric Club of
Chicago. Paul V. Galvin, RMA presi-
dent, was guest speaker, providing post-
war forecasts. The meeting arrange-
ments were made by Helen A. Staniland,
vice president of Quam-Nichols Com-
pany, and Joe Thompson of Hallicrafters.

* K %

SYLVANIA PRGDUCTS OPEN NEW
PLANT
Sylvania Electric Products, Inc., has es-
tablished an additional manufacturing
unit at Dover, New Hampshire.

E S S

CECIL SLY ON EASTERN TOUR
Cegil L. Sly, vice president of the Uni-
versal Microphone Company, Inglewood,
California, recently made a tour cover-
ing the Eastern area.

¥ ok
ALLIED CONTROL BUILDING CHI-
CAGO PLANT
Construction of a plant in Chicago has

(Continued on page 90)

1. Frame

2. Armature

3. Thru Bolt

4. Commutator

5. End Bracket

6. End Cover

7. End Plate

8. Gasket

9. End Play Washer
10. Ball Bearings
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11. Steel Insert

12. Cil Thrower Washer
13. Brush Holder Screw
14, 'Dynamotor Leads
15. Brush Holder

16. Brush Holder Cap
17. Brush and Spring
18. Field Poies

19. Field Pole Screw
20. Field Coils

EICOR produces 2 Dynamotor for every
need—from the smallest in size to the lag.
gest in output. Our complete line of frame
sizes makes possible the greatest available
range of dynamotor output ratings, sizes

WALL CHART AVAILABLE

18" x 24" reproduction of this isometric cut-
away, complete with dynamotor data on onts
puts, sizes and weights — available without
charge to engineers and instructors. Suitable
Jor wall banging, Write for it on company or
official letterbead.

Eiceor line. 50w Congress St., Chicago, U.S. A.

DYNAMOTORS * D. C. MOTORS * POWER PLANTS * CONVERTERS
Export: Ad Auriema, 89 Brood $1., New York, U. $. A. Cable :_»_Qwiema, New York
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PRESS

Has several openings
for radio communi-
cation engineers and
technicians with re-
search or manufac-

turing experience.

APPLY PERSONNEL DIVISION
230 W. 415t Street
NEW YORK, N. Y.

or

435 N. Michigan Avenue
CHICAGO, ILLINOIS

WIRELESS, INC.

JAMINATIONS

for Output TRANSFORMERS -

of nghest Permeabillty

Standard slocks in a wide range of

sizes for Audio, Choke, QOutput and

Power Transformers. Write for dimen-
sion sheets.

‘permanent

AGNE

‘AI.NICO (Cast or Slnlercd) .
: ‘-CHROME-TU NGSTEN

Cest, formed or stamped permanent

magnets for all purposes. Engineering

cooperation backed by 43 years ex-
perience in magnet making.

rooLs' 'DIES » STAMPINGS’
" HEAT TREATING

 Thomas & Skmner'-_;.,f

Steel Products Co.

1113 E. 23rd St. lndlannpohs, Ind.
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NEWS BRIEFS
(Continued from page 39)

been begun by Allied Control Company,
New York.

*x ok
GLOBE-UNION AWARDED “E"
The Army-Navy “E” has been awarded
Milwaukee, Wis-
consin.

* k%
FOOTE NOW SALES
COORDINATOR OF LITTELFUSE
William A. TFoote has been anpointed
sales coordinator of Litteliuse Incorpo-
rated, E1 Monte, California and Chicago,
Ilinois.

Mr. Foote was formerly president and

general sales manager of the Wingfoote
Petroleum Company.

W. E. Foote [left) and E. V. Sundt, presi:.

dent of Littelfuse, Inc.
H ES *

GROUP INSURANCE FOR
DE JUR-AMSCO EMPLOYEES
DeJur-Amsco Corporation of Shelton,
Connecticut, has announced the introduc-
tion of group insurance covering every
individual in their employ. Two types
of protection are offered to the employees.
These are group life insurance and hos-
pitalization expense insurance, with the
entire cost of the premiums pald for by

the management.
* ok ok

J. L. FOUCH WCEMA COMMITTEE
CHAIRMAN

James L. Fouch, president of Universal
Microphone Company, Inglewood, Cali-
fornia, has been appointed membership
committee chairman for the recently
formed West Coast Electronics Manu-
facturers Association.

TUTTLE BECOMES RCA FIELD

PROCUREMENT SPECIALIST
James Tuttle, former manager of RCA

BATTLIN' BENNY RETURNS

Battlin' Benny, a shrapnel-tarn loudspeaker
which was aboard the U.S.5. Boise when the
cruiser sank six Jap ships coff the Sclomons,
is now holding down a war job at the
RCA Victor plant, Indianapolis.

&5
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Victor Distributing Corporation of Chi-
cago, has transierred to the general pur-
chasing department of the RCA Victor
Division as field procurement specialist,
operating out of Chicago headquarters.

* % %
WILLIAMS APPOINTED G.E. $-M
E. E. Williams has been appointed sales
manager of the G. E. laboratory and
measuring equipment section of the spe-
cialty division, and will have his head-
quarters at Schenectady. In his new ca-
pacity Mr. Williams will be responsible
for the sale of laboratory, electronic
measuring and test equipment, and will
continue in charge of certain military
radio subcontracts.

kow ow
HOEFLER HEADS ZENITH CHICAGO
BRANCH
Ray L. Hoefler has been appointed gen-
eral manager of Zenith Radio Distribut-
ing Corporation, to succeed R. E. Mec-
Greevy.
SECOND WHITE STAR TO SIMPLEX
The Simplex Radio Division of Philco
Corporation at Sandusky, Ohio, has just
been awarded a second white star to add
to its Army-Navy “E” flag.

% %
LIGHTCAP AND D'ALMAINE NOW AT
N. A. PHILIPS
M. W. Lightcap has been appointed  to
the newly created position of distribu-
tion manager of the New York office of
North American Philips Company, Inc.,
100 East 42 Street. He will coordinate
sales and distribution activities of the
company’s several divisions,

Harry D’Almaine will specialize in
commercial control and analvsis. He was
formerly sales manager of Bodine Elec-
tric Company, Chicago, and more re-
cently manager of business research for
Irvington Varnish and Insulator Com-
pany.

x k
G.E. ELECTRONIC TUBE BULLETIN FOR
INDUSTRY ‘
A 4-page bulletin with a quick-selection
chart of electronic tubes for industry is
(Continued on page 92)
e

SHIP LAUNCHING TELEVISED

G.E. workers at Schenectady, who builf the
electrical equipment of the new Queen of
the Seas, the U.5.S. Missouri, witnessed the
launching of the 45,000-ton battleship by
television. The scenes were relayed by
NBC's television station in New York
to Schenectady.

Every part of every Cannon Connector is rigidly held to close
tolerances through a well established quality control system.

Such precision not only assures absolutely dependable opera-
tions, but it is the main reason why original assemblies are made
with ease, and why all parts are so easily interchangeable.

Take the AN line for instance: Split shells (pioneered by
Cannon) of flawless alloys, fittings that are die-cast instead of
stamped, contacts that are milled from bar stock to give close
tolerance and low voltage drop.

Cannon Plugs are never made to meet a price. Their quality
is controlled from raw materials to finished
unit. The low cost of Cannon Plugs is due to
efficient and large scale production.

For easier assembly—for more dependable
service—use Cannon Plugs for all electric cir-
cuit connections.

CANNON BATTERY CONNECTOR—GB-3-34B Recep-
tacle and GB-3-21B Piug shown at left are adapted to gen-
eral industrial uses as well as quick disconnect of engine
starting units in aircraft. This Cannon line covers a wide
variety of types which are listed in the New Battery Con-
nector Bulletin—free upon request. Address Department
A-121, Cannon Electric Development Co., 3209 Humboldt
St., Los Angeles 31, California.

CANNON EI.EC'I'RIC

Cannon Electric Development Co., Los Angeles 31, Calif.

Canadian Factory and Engineering Office:

Cannon Electric Co., Lid., Toronto, Canada

Representatives in principal cities—consult your local telephone book
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NEWS BRIEFS
{Continued from page 91)

being distributed by the tube division
of G. E. .
*

CARRINGTON NOW ALTEC HEAD
George L. Carrington and Harry M. Bes-
sey have been elected president and vice
president respectively of Altec Service
Corporation. Mr. Carrington succeeds
the late L. W. Conrow.

In addition to his duties as president,
Mr. Carrington will retain his position
as general manager. He will also func-
tion as president of Altec Lansing Cor-
poration.

Mr, Bessey assumes the post of vice
president after serving as secretary-
treasurer since 1937, He is a director of
Altec companies, as well as an officer
of Altec Lansing Corporation.

* ok %

GRAYSON AND ROBINSON IN NEW
HAZELTINE POSTS

Fielding Robinson has been elected vice
president of Hazeltine Electronics Cor-
poration, 1775 Broadway, New York City.

CORD CD-318-A P @’ CORD CD-874

John D. Grayson was named treasurer.
Mr. Robinson has been with Hazeltine
since 1941 as coordinator with various
NOW IN PRODUCTION; CD-318-A JK-48 PL-68 PE-86 government agencies in Washington and
CD-307-A  PL-47 "A"” Plug SW-141 other locations. Mr. Grayson also has
CD-874 PL-54 BC-366 1B-47 been with Hazeltine since 1941 as comp-

JK-26 PL-55 BC-347-C troller.
. ¥ ox
l Your inquiry is invited on these and SYLVANIA PROMOTES BEN KIEVIT

other Inter-communication Equipment

Ben Kievit has become field engineer in
the equipment sales department of Syl-

M’MIM[A vania Electric Products, Inc., Emporium,
Pennsytvania, for the New York and

'D TELEVISION CORPORATION New England area. Mr. Kievit has been
with the Sylvania corporation since 1930,
1038 W. VAN BUREN ST., CHICAGO 7, ILL. when he joined the company as a research

physicist. He is a senior member of the
....... TP T S —— — o= | Institute of Radio Engineers, and a mem-

L s | ber of the Electronics Committee of that
group. He has also served as technical
editor of the Sylvania Engineering News
Letters and the Swvivania Technical Man-
ual, as well as assistant technical editor
of Sylvania News.

Mr. Kievit’s new headquarters will be
500 Fifth Avenue, New York.

* k%
CANNON BATTERY CONNECTOR BUL-
LETIN
A 24-page bulletin, describing battery
coninectors for aircraft, engines and gen-
eral industrial uses, has just been issued
®

ALLIED NATIONS WAR WORKERS

1 Ampentes cut battery '.'o.lmqe ﬂuctucr-

" tion from upproxxmateiy 50% 1o 2 ol

sa - Lo 2 Hermetically sealed — not aifec:ted by

e _ altitude, ambient tempercrture, hl:m:dﬂy"
G . ; 3. Compact, light, and inexpensive.

o _ ' - Used by US. Ammy. Navy, -:md A&r Carps _

Three war workers, representing a different
Asiatic race, at work bench at the Jefferson-

— : ' S s o Travis Radio Manufacturing Corporation,
. Thl + page ic']:im will h&]p you souee - i 245 East 23rd Street, New York. Left to

: Vol e lems; contains N . .
» Cur d Voltage Problems; contain right are Capt. Alvin Graver, Industrial

ble data in practical form — Write for your copy now,

Service Branch, U. 5. Army; Moy Guay

AMPERJTE C'O 561 Broudwuy, New York(]'?} N.Y. BT y Chuck, of Hoy Shan, China; Col. Charles
j : P W. Kerwood, U. S. Army Air Forces; Toshio

Niniomiya, American-born Japanese, and
Rama Chattopadhya, an American-Hindu.
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by Cannon Electric Development Com-
pany, 3209 Humboldt Street, Los Angeles
31, Calif.

Application photos and condensed data
sheets are included in the bulletin.

GIBSON CONTACT CATALOG

A 16-page booklet describing electrical
gontact materials and their application has
just been released by the Gibson Electric
Company, 8350 Frankstown Avenue,
Pittsburgh 21, Pa.

Analysis of silver alloy materials as
used on springs, rtivets and screws, etc,
appear in this catalog.

E S £

ELECTRONIC CONTROL BULLETIN

A d-page leaflet describing rectifiers and
electronic controls has just been issued
by the Electron Equipment Corporation,
Palm Springs, California. The bulletin
provides data on low frequency convert-
ers, motor controls, phase converters, and
cycle changing.

An additional bulletin covering speed
controls has also been released by this
company.

® % %

DRY BATTERY MANUAL

A 48-page booklet entitled The fnside
Story of Dry Batteries has been pub-
lished by the National Carbon Company,
30 East 42 Street, New York 17, N.Y.

There are seven chapters in this book-
let covering the evolution of the dry bat-
tery and the development and design of
the cylindrical and fat-type batteries.
Electrical and chemical data analyzing
dry battery operation are presented, to-
gether with diagrams and cut-away illus-
trations. The popular air-cell battery is
also explained. \

* .

DI-ACRO CATALOG

A 44-page catalog describing metal dupli-
cating processes without dies has been
issued by the (’Neil-Irwin Manufactur-
ing Company, Minneapolis 15, Minnesota.

Data in this new catalog covers Di-
Acro benders, shears and brakes. Exam-
ples of parts produced by these devices
are illustrated and described.e

* ES %

GRAMMES WINS "E”

I.. F. Grammes & Sons., Inc., Allentown,
Pa., were recently awarded the Army-
Naw s 7
(Contintted on page 99)
®

TOP APTITUDE GIRLS NOW ENGINEERS

Dorothy Mebraska, engineering assistant,

center, at her meter desk, aided by two

new girls in wnusual test department just

established by Sylvania Electric Products,
Inc., Emporium, Penansylvania.
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MODEL
No. 1632

Continuous coverage—100 KC to 120 MC—
all frequencies fundamentals. New high fre-
quencies for frequency modulated and tele-
vision receivers. All coils permeability tuned.
Litz wire wound against humidity with == e

“high”-Q cement. This and other models Triple shielding thronghr

. . ont. Steel outer case, stee!
will be available to you after the war. inmer case plus copper

P lating.

riplett

ELECTRICAL INSTRUMENT CO.
mumon_-_omo * & K

- Ll

0L [SOmmasden -

POST-WAR FACILITIES

* TUNGSTEN LEADS
* BASES & CAPS
* SPOYT WELDERS

* FABRICATIONS

* METAL o
SPECIALTIES

A

DANIEL KONDAKJIAN capabilities in the pre-
cision component field are diversified ond
speciolized. Lleading suppliers of tungsten
leads, bases and caps for electronic applica-
tions—precision manvufacture of metal spe-

cialty products is another important function.

The DANIEL KONDAKIJIAN line of spot weld- f :
A

for service and efficiency since 1922. G

ing equipment, too, has earned a reputation

With three completely equipped plants avail-
able for supplying present or post-war require-
ments, DANIEL KONDAKJIAN invites inquiries

applicable to those facilities. Qur engineers

" will be happy to collaberate in your problems. L
ENGINEERING gt
Co. '

¥ 27 WRIGHT STREET
NEWARK, NEW JERSEY

&
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F-M/A-M DETECTOR
(Continued from page 27)

The voltage across the inductance L is
then

(8)

=LA (w+aacoset)
cos (wt -+ a sin «t)
=LA (0 + omecosat)
cos (wt + asin at)
=LA w (l4+mcosat)
cos (ot + a sin at)
(9

This is a wave with an amplitude
modulated envelope (1 + mcosat) to
which the diode can respond.

From equation 2 and ¢ it can be
seenn  that an amplitude modulated
wave will be introduced into the in-
put. However the d-c potentials on
the tube have been so adjusted that
it does not respond to amplitude varia-
tions. Thus this may be neglected.

It has been assumed that Z. was
equal to Xc. This disregards the ef-
fect of the resistance of the coil, ca-
pacitance from cathode to ground, and
stray and coil capacitance. Actually,
of course, instead of having a straight
line for the impedance as in Figure 6,
the sitnation in Figure 7 may more
nearly apply. There are portions of
the curve that approximate a straight
line, but for wide band f-m it may be
necessary to substitute for the cathode
coil, a network which has a linear
impedance versus frequency charac-
teristic. The design of the cathode
impedance depends upon the band-
width and permissible distortion. The
cathode coil alone seems adequate n
many instinces, particularly if its
value is selected carefully, Otherwise
combinations of series and parallel
resonance may be made to adjust the
linearity somewhat. Also by this
means, slope may be adjusted and
greater slope means greater audio out-
put.

For communication work, utilizing
low deviation ratios, a narrower band
of frequencies is used and distortion
is of no particular consequence.
Therefore a part of the curve that has
the greatest slope should be used,
thereby obtaining maximum audio out-
put.

In the case of broadcast reception,
the most advantageous point for
operation would appear to be some-
what higher in frequency than reso-
nance, as there is a straight line por-
tion of appreciable length.

Using this circuit, shown com-
pletely in Figure 8, we note that the
functions of detection for frequency
modulation are completed by a tube
complement and associated equipment
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comparable to amplitude modulation.
The complete detector, suitable for

Wt
either frequency modulation or ampli- ;
tude modulation consists of one tube 40 YEARS OF EXPERIENGE AT voun SERVIG
and is adaptable for either, by merely ;
changing the potentials on the triode ' . :
section. This is a change of d-¢ po-
tential and is accomplished without
any switching of r-f or audio voltages.
Wiring and parts necessary are re-
duced to a minimum. Thus consider-
able economy is effected. In addition,
possibilities for unwanted interaction
are decreased.

Most a-m/f-m receivers use a
separate detector for amplitude modu-
lation. This arrangement can ac-
complish as much as three tubes with
some arrangements. If desired, of
course, part of the tube and circuit
economy may be utilized to provide 3
another limiter tube and obtain bene-
fits thereby derived by cascade limit- ' '
ing. o .

Automatic volume control voltage is '
provided by the extra diode in the
a-m position. When the switch is e
thrown to the f-m position, limiting cooperation born of our ¢
takes place. A low value of bias volt- meeﬁngwarﬁme'Sﬁgid'e ' 7
age, which is fixed in value, is ob- From raw stock to completed items « - «
tained, since wvariations in rectified i:: embraces every facility for planned Pr

carrier are prevented. This provides . )
Inguiniee and Blueprints

a fhxed bias on the radio frequency We Duuite
amplifier tubes, Insuring maximum ‘ MPINGS o PANEL BOARDS
e METAL STA o PLASTIC PARTS

carrier input to the limiter for best
o MACHINE WORE o+ MECHANICAL AND ELEC-

action. This change in characteris-
; : o LAMINATIONS TRICAL INSTRUMENTS
tics takes place without any further o TOOLS AND DIES

switching, the proper result appearing
automatically.

An experimental receiver with this
detector circuit provided satsfactory
results on both frequency modulated
and amplitude modulated signals. Ad- [
ditional studies of the characteristics 792 EAST 140th STREET
of the system were made in the fol- ‘ NEW YORK Y.
lowing way. The detector was re-
moved from the chassis. A signal
generator was used to supply various
trequencies to the input of the triode
section while a vacuum tube volt-
meter provided the voltage across the
diode load resistor, The results ob-
tained are shown in Figure 9. The
receiver used an intermediate fre-
guency of about 1.6 megacycles, thus
utilizing the straightest part of the
curve,

The author wishes to thank Prof.
W. S. Davis of Fenn College for the
use of laboratory facilities to measure
the characteristics of this combination
detector.

1The negative sign comes from the fact that
thgre is a phase shift of 180° through the
tube,

2F. C. Everett, A New Detector, COMMUNI-
CATIONS; September, 1942,

o
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PAPER PACKS A WAR PUNCH
FIGHT WASTE!
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CONSULT DIALCO

... specialists in applying Neon Lamps
to Pilot Lights, Panel Lights, and Signal

Lights for every purpose.

Geared for rapid service, our plant
manufactures over 300 types of units
from which we can instantly supply the

answer to your prablem.

Rush specifications for recommenda-

tions and special-made somples.

24-poge Catalogue mailed on request.

DIAL LIGRTCO0. .25

90 WEST STREET

NEW YORK 6, N. Y.

Pointing

WITH UNERRING AGGURACY

Today, as a result of American en-
gineering skill ingeniously applying
amplification principles to highly
specialized instruments, thousands
of amplifiers by “Eastern” help to
guide our army and navy bombers
with unerring accuracy in success-

BACK THE ATTACK *
BUY WAR BONDS *

the wa ]/

EASTER

fully completing their vital missions.

Our engineering staff invites your
inquiry—large and small produection
runs, even single units, receive our

usual prompt attention.

Write for Bulletin 97C

AMPLIFIER CORP.

794 E. 140th St., New York 54, K.Y,
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QUARTL

(Continued from page 66)

crystal surface. Therefore, we may
calculate the dimensions of a resonant
air gap for any frequency as follows:
Assuming air temperature to be plus
20° C, the velocity, v, of the super-
sonic pulse will be 1130/ per second.
Let us then designate the dimensions
of the gap as g and the frequency of
oscillation of the crystal as f.

For resonance g = 4 A

v s
but A= “‘
f

Ao
.°'g:—:—-
2 21

For example at 7.0 mc
1130 ft./sec. X 1Zin./ft.

2 X 7 % 10° cycles/sec.
= .0009 47
Air gap resonance effects are not

too noticeable with thickness-shear
oscillators. There is a small compo-

 nent of motion in a direction perpen-
dicular to the surfaces of the crystal

but the effect is small and generally
not troublesome.

One of the most important depart-
ments in a crystal manufacturing plant
is the reclamation department. Here,
the component parts of the final crystal
assemblies are salvaged from rejected
units. Ii the crystal oscillator plate
was rejected because of an activity
dip, the edges are ground. It is wise
to notify the person who regrinds the
edges of the nature of the activity dip
and where it occurred. Sharp dips
occurring at the high temperature end
of the range may be corrected with
slight edging. Mechanical activity
dips may be corrected by the replace-
ment of electrodes or the pressure
spring. Activity failures which occur
near 0° C and which do not oscillate
at all below zero, probably have too
much moisture within the holder itself.
At zero, the water vapor precipitates
and freezes and may completely damp
oscillation. If an activity reject is re-
worked and fails for the same reason,
the second time, the crystal must be
reexamined for surface contour, twin-
ning, and other physical flaws. Tt
should be possible for a crystal produe-
tion department to maintain an activ-
ity reject figure which is quite low
especially if predimensioning tech-
niques are applicable.

Frequency rejects may be of two
kinds: (Z)—If the crystal is cut off
angle beyond allowable tolerances, the
temperature coefficient curve may be
far out of symmetry and the crystal
will exceed its low frequency side tol-
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erance. (2)—Ii the crystal is finished
10 a freqguency which is too close to
the positive side tolerance, it may drift
beyond tolerance at the turning peint.

The first type should be set aside for
future nse where specific conditions of
operation will make that particular
angle of cut of oscillator plate usable.
The second type may be repaired, if
the angle of cut is proper, by increas-
ing the shunt capacity and thus lower-
ing the resonant frequency. If the
gaps are too small for this remedial
measure, the crystal must be further
lapped to a next higher frequency.

With the precision sawing equip-
ment and orientation equipment now
available, it is possible to keep off
angle cuts below 1%. Considering the
small errors which may cause trouble
and the narrow tolerances allowed,
such a figure is the result of careful
supervision and careful upkeep of all
manufacturing processes and machin-
ery. All component parts should be
easily salvaged and completely reused
unless such component parts are the
cause of failure.

Electrodes are generally manufac-
tured of non-corrosive metal and must
be a precision manufactured product.
The four corners should be flat and in
the same plane. Methods have been
developed which permit the lapping
and polishing of electrode corners so
that an optical flat examination shows
less than two fringes deviation from
flat. Polishing the corners may de-

your needs fuster from
this one central source

Time and again, Allied has saved the day
with “‘rush delivery” . .. »ight from stock.
That’s because we carry the world’s larg-
est stock under one roof. Over 10,000
electronic and radio items . . . ready for
the Armed Forces, Government, Indus-
try. Furthermore, our close contact with
all leading manufacturers enables us to
simplify and expedite #// your purchases.
Qur veteran staff does the entire procure-
ment job for you. You deal with ore cen-

- tral sousce . . . instead of many. You send
crease the iriction between electrode| ... order. . . for everything . . . whether
and crystal surface of a thickness- it's an emergency or not. .. save time and
shear oscillator plate sufficiently to in-|  Gorry ... call Allied first! Write, Wire or
crease the activity several percent. Phone Haymarket 6800,

All butt ends and test slices are
saved for future use. After the war,
there should be a great market for
such oscillator plates which do not| EESESSETITEEEIITIET |
have to meet the most rigorous specifi- ¥
cations of the present time.

Heat has been used recently in
quartz manufacture in an interesting
way. Heat treatments have effected
untwinning of twinned quartz. It may
be possible at some future date to util-
ize much of the scrap wafer stock cut
by every manufacturer if such an un-| [ttt =
twinning procedure is easily con- A Dl
trolled. The general idea behi);ld this AL“ED 5 ABI“
technique 1s that at temperatures above
573° C quartz is no longer piezoelec-
tric because of a shift of atomic struc-
ture from one of trigonal to hexagonal

ALLIED RADIO CORP.
833 W. Jackson, Dept. 31-B-4, Chicage 7, U.S.A.

Send for today's meg;
complete, Yp-to-date

BUYING GUIDE

All these well known makes—and MORE!

- . . RCA General Elecsric Belden
bymnletr)‘“ If the quartz 1s cooled Raytheon Cornell-Debilier Meissner
SIOWIy and undgr the proper conditions Hickok Sprague Amphenol
it mav he - . Tripiett Aeravox Shure
) 3f -pO.SSIbl?F aft(?f havmg: thus Supreme Hallicrafters Astatic
rendered it inactive piezoelectrically, Maltory Hammarlund Amperite
to reorient coi an® Ohmife E. F. Johason Jensen
. ] Ompletely the_ atomic IRC Coutler-Hammer Utah
spirals so that the structure is homo- Centeulob Hart & Hegeman Janette
geneous. Burgess LitHefuse Sangamo
e Knight Stancor Dumeont
The postwar possibilities of quartz Biiley Thordarsen Bussman

(Continued on page 98)
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“MERIT”’
e
Dine Radco Parte

... PARTS manufactured ex-
actly to the most precise
specifications.

Long manufacturers of com-
ponent radio parts, MERIT
entered the war program as
a complete, co-ordinated
manufacturing unit of skilled
radio engineers, experienced
precision workmen and
skilled operators with the
most modern equipment.

MERIT quickly established
its ability to understand
difficult requirements, quote
intelligently and produce in
quantity to the most exact-
ing specifications.

Transformers—Coils—Re-
actors—Electrical Windings
of All Types for the Radio
and Radar Trade and other
Electronic Applications.

G B

Since 1924

- MERIT COIL & TRAN

'I‘V:Norfh Desplaines St.

" CHICAGO 6, ILL..

175 VARICK

Pvnormmc Co.

STREET NEW YORK, 14, N.Y.
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(Continwed from page 97)

oscillating and resonating plates are
enormous.  They will probably be
used for automatic tuning devices for
home radios, controlling simultaneous
channels of voice transmission over
u-h-f carriers, and many other appli-
cations requiring careful control.

Bibliography

X-Rays and Crysial Struciure: W. H.
& W. L. Bragg

Crystallography and Practical Crystal
Measurements; A. E. H. Tutton; Vols. ]
and 2

A Study of Crystal Structure and Iis
Application; Wheeler P. Davey

The Phuysics of Crystals; Abram R.
Joffe

The Nature, Origin and Interprefation
of Etch Iigures of Crvstals; A. P.
Honess

Properties of Silica; R. B. Sosman

Modes of Vibration in Piezo-Electric
Crystals; A. Crossley, IRE Proceedings ;
April 1928

FPiezo-Electric  Resonator in High-
Frequency Oscillation Circuits; Yasusi
Watanabe, IRE Proceedings; May 1930

A Deternination of Some of the Prop-
crties of the Piezo-Eleciric Quarts Res-
onator; Karl S. Van Dyke, IRE Pro-
ceedings; April 1935

A Sumplified Circuit far Frequency
Sub-Standards Employing a« New Twype
of  Low-Frequency Zevo-Temperature-
Coefficient Quartz Crystal; S. C. Hight
and G. W. Willard, TRE Proceedings :
May 1937

A New Quartz Crystal Plate, Desig-
nated the GT: W, P. Mason, IRE Pro-
ceedings ; May 1940

A New Direct Crystal-Controtled Os-
cillator for Ultra Short-Wazve Frequen-
cies; W. P. Mason and I. E. Fair, IRE
Proceedings; October 1942.

Low Temperature Coefficient Quarts
Crystals; W. P. Mason, The Bell Sys-
tem Technical Journal: January 1940

Quartz Crystal Applications: W. P.
Mason, The Bell System Technical Jour-
nal; July 1943

Methods for Specifving Quartz Crystal
Orientation and Their Determination by
Optical Means; W. T.. Bond, The Bell
System Technical Journal; July 1943

Use of X-Rays for Determining the
Orientation of Quarty Crystals: W. L.
Bond and E. J. Armstrong, The Bell Sys-
tem Technical Journal; October 1943

Raw Quartz, Its Imperfections and In-

| spection: G. W. Willard, The Bell Sys-

term Technical Journal; October 1943

Small Temperature Coefficent of Fre-
quency of Quartz Plates; Peter Modrak,
The Wireless Engineer ; January 1939

Longitudinal Shear and Transverse
Modes of Vibration in Quarte and Tour-
maline ; Harold Osterberg and John W.
Cookson, Physics Magazine ; July 1935

The Piego-Eleciric Resonator and The
Effect of Electrode Spacing Upon Fre-
quency; W. G. Cady, Physics Magazine ;
Jutv 1936


www.americanradiohistory.com
www.americanradiohistory.com

NEWS BRIEFS

{ Continmed from page 93)

W, E. BOOKLET ON WAR COMMUNI-
CATIONS

A 44-page booklet in picture magazine
form, entitled Battle Talk, highlighting
the story of communications production
since the year before Pearl Harbor, has
been issued by Western Electric. It is
being distributed to more than 82,000 em-
plovees.

E3 Ed

G.E. TUBE BULLETINS

Revised technical descriptive bulletins on
the G. E. GL-207, 840, 860, 861, 1616,
2010 A-R and 8020, have just been issued.
Revised installation and operation bulle-
tins on the GI-811, 810, 806, 803, 830 and
8010 A-R have also been issued by G. E.

®

SYLVANIA DATA ON 28D7 AS
POWER SUPPLY SOURCE

Additional data on the performance of
Sylvania 28D7 tube used as a power
oscillator d-c¢ source with the battery sup-
ply voltage varying over wide limits are
given in Sylvania News Letter 78

%k

KEMP NOW WARWICK MANUFACTUR-
ING §-M
Reau Kemp was recently appointed sales
director of Warwick Manufacturing Cor-
poration, 4640 West Harrison Street, Chi-
€ago.

Warwick is producer of Clarion radios
and electronic equipment.

Mr. Kemp comes to Warwick from a
term of service with the War Production
Board in Washington.

¥id CARRIER CURRENMT

(Courtesy Westinghonse)

A recent carrier current installation for
speech transmission.

Frnom L afayette Radio Eorps

Selinium Dry Disc Rectifier

Maximum AC input volt-
age, 50 volts 60 cycle AC:
Maximum DG output cur-

rent, 2.6
amps., 5147
long, 113"

high. 2” wide.

No. 1C10573
Each ..$4.95

remye g 3 @

Zip'' Wire Stripper
A guaranteed wire strip-
per with pivoted blades
that will strip insulation
clean in one operation.
An adjustable stop en-
ables wire to be stripped
to any length. Blades are
suitable for any wire up
to 12MM diameter. 27
Wide, 2” Deep, and 215"
Long.

No, 1C15268 ..

RADIO

AND

ELEGTRONIC
EQUIPMENT

. 81.19

Aerovox Metal Cased
Bathtub Condenser

.1-.1-,1 Mfd. 400 Volt DC.
Qil impregnated and oil
filled, Riveted lug termi-
nals. 13" x 17 x 174"

No. 1C2362 Each ...79¢

Special Values!

CONDENSERS -— 10-20 Mfd, 350 V,
D.C.-5-5 Mfd. 150 V. D.C. Up-
right. No. 102369

ToBE CAPACITORS—8-8 Mfd. 600 V.
Plug-in type. No. 102330

IRC RESISTORS — 150 Ohms, 50
Watts. W.W. Variable.
1C5286

IRC RESISTORS — 20M QOhms, 50
Watts, W.W. Variable. No.
1Cb6287

IRC RESISTORS — 3500 Ohms, 80
Watts. W.W. Variable.
1C5196

RENEWABLE FUSES—3 Amps, 1C-
12376, 6 Amps. No. 1C12376....

BS#URE MAGNETIC RECORDING HEAD
—Replaces crystal cutters. No.
1C13799

LEACH 4-PoLE RELAY — Heavy
Duty—110 V. A.C. Coil.

&
Gang Switch
- Y Two-gang shorting type
switeh, 4 pole, two posi-
tion per gang. Bakelite
insulation. 4" diameter
standard shaft; 3” long.

No, 1C12666 Each...47¢

R.C.A. 6" PM Speaker

~ b-ounce magnet. Handles

4 to 6 watts of audio,
without distortion. Comes
* with transformer for sin-
gle beam power output
tube,

No. 1C19430 Each..$2.95

1C14251
RELAYS—SPST Contacts normally
open. 6 V. A.C. Ceil.

RELAYS—SPST Contacts normally
clesed. 110 V., A.C., Coil.
114308

MipGeEr RELAYS — SPST Contacts

normally closed. 110 V,

CLAROSTAT 3 Ohm ZS'WG'I"II MICD?):;T R%&JSE%%ST Contacés

Power Rheostat Bgflmallixyo 01"(??4309110

: . RELAYS—SPST Contacts normally
Handle}sl maximum  cur apen, 1 zet closed. No. 1C14310.8$1.97
rent through entire re- STEPPING RELAYS—6 V. D.C, 11
sistance of 2.880 amps. pos. 3 mounted switeh sections,
and will handle current

No 1C14250
of 4.320 amps in up to ICA OSCILLATONE, Mop. No. 4300
Yard of its resistance.

— Code practlce set, keyin
Clarostat PW-25-4W. monitor. No. 1614084 ,
Ne. 1C683% ....... $1.95

Urgent? Donate a Pint of Blood io the Red Cross Today

I.AFAYE'I"I'E
RADIO CORPORATION

901 W. Jackson Blvd., Chicago 7, lll, « 265 Peachiree St., Atlanta 3, Ga.

F‘I------.------.------ ----1

;m. R LAFAYETTE RADIO CORP. :
THE ONLY UP-To. g %01 W, JACKSON BLVDR., CHICAGO 7, ILL., DEPT R-2 5
DATE GCATALOG N g Please send me o FREE copy of the new Lofayette Radio |
-THE FIELD. From cover- g Corporation Cataleg Neo. 94, B
to.cover . . . a treasure "] 5
house of radio and elec- B NAME ...
tronic parts and equip- B
ment . . . contains in. N [ ]
atuable information on B ADDRESS .. .v.iitit i i e s ]
how to obtain needed W B
items without delay. B cITy.. . ...................... STATE. ........... 1

g MAIL THIS COUPON
_L----I.I-n---.---------.---J[
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AVAILABLE
IMMEDIATELY!

Gould-Moody

| GLASS BASE
INSTANTANEOUS
RECORDING
'BLANKS

_fer-flow thread -action,
" Won't age, hurden. dry
,ou{' or deferloraie ‘

: Old Alummum Blanks Recoafed wnﬂr
"Black Seal Formulc on Short No!u:e

'GUULI] MooD!

@ company.

, ) ' ;
\\ Recordmg Blank D!vtston

iy

395 Broadway A
New York 13, N. Y. ﬁ
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IRE REPORT

(Continued from page 31)

said that three functions must be per-
formed. That is, we must first ob-
tain gain. Then we must have a de-
vice to produce a change of phase shift
with a change of frequency, a filter.
And lastly, some amplitude-limiting
device is also necessary, he pointed
out. This last point was stressed. He
said that this function is often left to
the tube itself. However, he pointed
out, all useful oscillators show consid-
erable excess gain if measured at a
low enough level. We must account
for this excess gain, he said, with a
limiter so that a finite constant output
can be reached.

Circuits in which these three func-
tions are performed by separate ele-
ments are relatively simple to analyze,
pointed out Mr. Edson. However, he
said, there are many useful circuits
that combine two of the functions in
such a way that the analysis is more
complicated. As examples he cited the
Hartley and Meacham circuits.

Limiters were classified by Mr. Ed-
son into four groups. They included

®
Figure 13

Proof of Ampere's law as projected in
Gabriel Kron's paper.

thermal devices such as carbon and
tungsten lamps; varistors such as cop-
per oxide thyrite and some electronic
diodes: tubes which reduce their gain
with 51mp1e overload with an increase
of current through them; and tubes
which reduce their gain by virtue of a
bias developed as a result of oscilla-
tion.

A lamp stabilized oscillator was
used by Mr. Edson in his analysis. By
his method it is possible to determine
when interruptions will occur and
what circuit change will eliminate
them., Mr. Edson pointed out that the
low frequency disturbances which may
appear in oscillators of all sorts usu-
ally is a low frequency interruption of
the desired oscillation.

He also presented a sample design
of a bias-controlled oscillater to show
how the analysis may be used in de-
sign work. Presented too was a com-
putation of the stability condition tor
a Meacham oscillator. Design infor-
mation for a self-modulating oscillator
was also presented to illustrate how it
is possible to introduce and control
modulation.

Transient Problem Analysis

METHOD for solving transient
A or steady state electromagnetic
field problems using equivalent
circuits was analyzed in a trio of pa-

Fisher Radio Pilot
Direction Finder and
Marine Radio Telephone

Marine Telephones
Direction Finders
Mobite Radiophones
Commercial Radio
Receivers
Electronic Equipment
Telescope and Whip
Antennas

Free Literature

o1 Fequest

EE CHI FISHER RESEARCH LABI]RATI]RY

FRLO FILTCI
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Figure {4
Proof of Fara&ay's law as discussed in Dr.
Kron's paper on "The Equivalent Circui# of

the Field Equations of Maxwell—!."
.

pers by General Electric engineers.
The discussion, conducted by J. F.
McAllister, covered “Equivalent Cir-
cuit of the Field Equations of Max-
well—I” by Gabriel Kron; “A New
Approach to the Solution of High Fre-
quency Field Problems” by J. R.
Whinnery and Simon Ramo; and
“A-C Network Analyzer Studies of
Electromagnetic Cavity Resonators”
by J. R. Whinnery, C. Concordia, W.
Ridgway, and Gabriel Kron,

With the aid of a network analyzer,
it is possible to obtain field distribu-
tions in the neighborhood of odd
shaped bodies such as antennaes, cav-
ity resonators, and waveguide dis-
comtinuities, explained Mr. McAllister,

In Dr. Kron's paper an equivalent
circuit representing the field equations
of Maxwell for an electromagnetic field
containing conductors and bound
charges was shown. The circuits were
developed for all curvilinear orthog-
onal reference planes to provide a
solution of three dimensional prob-
lems with axial and other svmmetry
bv the use of only a two-dimensional
network.  According to Dr. Kron,
one set of two dimensional networks,
the transmission line type, requires
only resistances, inductances and ca-
pacitors, while its dual set requires
also 1deal transformers in series with
the inductive coils. In the transmis-
sion lne type of networks, according
to Dr. Kron, the dual ideal trans-
formers consist of impedanceless con-
ductors.

The Whinnery-Ramo paper of this
group discussed the equivalent circuit
technigque for solving high frequency
field problems in a preliminary way so
as to speed its evaluation. According
to the authors of this paper, the equiv-
alent circuit approach may have im-
portant and 1mimediate usefuiness.
This is based on the results of a pre-
liminary experimental investigation.
They reported that in many field prob-
lemas it may be possible to obtain wuse-
ful approximate solutions by measur-

{(Continsred on page 102)

' DYNAMIC HEADPHONES
ﬁw:de frequancy

. their extra sensmwtyf,ﬁ
responae ‘and high operating efficiency
provide improved intelligibility and greater
safety at all altitude levels. '

BUY WAR BONDS FOR VICTORY!
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PROVED THRU THE YEARS

SUPREME

BY COMPARISON

Model 504-4
Tube and Set Tester

Right now Supreme is 1009,
in war production. After Vic-
tory, you again can count on
Supreme Testing Equipment for
dependability, durability and
ACCURACY . .. the same
Supreme qualities which today
are helping keep vital commu-
nications open on the battle
fronts of the world.

Model 542
Pocket Multimeter

New Supreme
“Hairline Accuracy’
Meter

SCFREME INSTRUMENTS CORP.
EREEAWGOD, MISSISSIPPL U. S, &,

’

IRE MEETING REPORT

(Continued from page 101)

ing voltages and currents in a proper
electrical network whose boundaries
correspond to those oi the field prob-
lem,

This discussion, by the wuy, cen-
tered around the possible application
of an equivalent circuit suggested bv
Dr. Kron to the solution of high fre-
quency field problems.

The concluding paper of Whinnery,
Concordia, Ridgway and Kron, dis-
cussed by Mr, McAllister, covered the
results of a study made on the a-c net-
work analvzer to investigate an equiv-
alent circuit of the field equations of
Maxwell for charge-free space. Three
configurations were studied.  These
were @ rectangular two dimensional
cavity, a cvlindrical cavity and an
L-shaped two-dimensional cavity.

The authors pointed out that in these
studies the number of units ranged
front about seven to twelve per wave-
length. For certain quantities, thev
sald, accuracy was consistently better
than 5%, but for other quantities, par-
ticularly in the vicinity of cut-offs or
resonances, agreement was much
poorer. The required subdivision into
units, thev pointed out, was affected
by the size of the discontinuities as
well as by the wavelength.

The FCC

OUR mteresting papers covering
the engineering work ot the FCC
presented by K. K. Jett,
chief engincer, C. P. Adair, assistant
chief engineer, W. N. Krebs, chief of
the safety and speciual services division,
and P. F. Siling, chief ol the inter-
national division.

Mr. Jett covered the generul activi-
ties of the engineering division, and
outlined some of the problems which
require their attention. He discussed
postwar problems too. He pointed
out, for instance, that after the war
we will have to have a much larger
usable spectrum. The apparent roomi-
ness above the high frequency chan-
nels, such as 300 mc, ceases to look so
encouraging, he pointed out, when we
consider the vast number of channels
that will be required for half a million
airplanes by 1950, a four-ocean Navy,
a lwuge Army communication system,
police radio, harbor radio, f-m, fac-
simile, etc. And, he explained, when
vou consider the demands of television
which require a channel of at least
6,000 kc wide, or wide enough for a
hundred or more standard width com-
munication channels, the picture be-

wele
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comes even more discouraging. The
problem of finding enough channels to
satisfv evervbody is quite complex, he
explained. However, he said, it we
do a reasonably good planning job
now, there will be room for at least
the minimum frequency requirements
of all legitimate radio services.

Mr. Jett also discussed relay chau-
nels in the postwar program. He said
that he understood that considerable
advancement had been made since
Peart Harbor in developing frequen-
cies above 300 nic for the distribution
of network programs. e also pointed
out that the same networks may just
as easily carry telephone and telegraph
messages and compete with the ser-
vices now furnished by the wire car-
riers.  Questions of this nature, of
course, may require anunendments to
the Commniunications Act, he explained.

He posed some very interesting ques-
tions concerning the use of such u-h-f
nationwide networks. These included...
Who should be granted the privilege
of operating this system? Should it
be competitive with the telephone and
telegraph services which now operate
as monopolies in their respective
fields?  Should there be competitive
radio networks, thereby necessitating a
forest of towers along the same route?
Should the comipany or companies
operatiilg the radio network also be
permitted to operate terminal facilities
at the subscribers’ offices?  Should
the chain broadcasting companies be
permitted to own and operate their
own radio networks?

“These are but a few of the questions
which will confront the Commission
when, as and if materials and man-
power again become available for the
production of civilian equipment,” said
Mr. Jett.
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ANSWER TO A

&)/  “DIE-LESS’ DUPLICATING

might be described as a new industrial
technique made possible by the accur-
. acy, extreme adaptability and ease of
e operation of DI-ACRO Precision Ma-
il chines—Shears, Brakes, Benders—es-
pecially when used as a continuous,
integratéd production process.
The DI-ACRO System of METAL
DUPLICATING WITHOUT DIES
has proven its adaptability in making
parts just as accurately as can be done
with dies, to a tolerance of .001” in all
duplicated work.
The delay of wait-
ing for dies is
avoided, deliveries

Q\speeded up.
|
.\ Weite for
\%.5 06 |
ONEIL-IRWIN mrs. co. et

322 EIGHTH AVENUE SOUTH - MINNEAPOLIS 15, MINNESOTA

AR-10-A

Dust cover removed, showing
taysut and treatment of dual crys
tal holders,

,4 challenge — to place in the hands of the United States
Air Lines an instrument of destiny. A challenge—to radio
engineers, designers, and fabricators. A challenge — ta produce an
instrument capable of operating on present frequencies and ready
to function on the high frequencies to come . .. operate manually
or on spot frequencies, and yet light in weight and smallin size.

This has all been accomplished by HARVEY-WELLS in their

new AR-10-A aircraft receiver!

We here at HARVEY-WELLS are always ready to put forth
every ounce of our energy, experience, and enthusiasm, and cherish »
desire that we may play some
small part in helping you
take your place in the future

destiny of air supremacy. As
you grow and continue to
grow we should like to be
with you. Wherever and:
whenevar we can help—we'll
be there.

ABOVE — Close-up view of
model AA-15 Electrie control
unit  for remotely controlling
all functlons of the AR-10-A
Receiver. A separate manual
tuning unit is also provided.

Cliects Pacnte
’X 3 BANDS

195-425
2500-4500
4500-8000 KC.

3¢ 12 CRYSTAL CONTROL

FREQUENCIES

f 2 BEACON BAND SPOT
FREQUENCIES

{ REMOTE MANUAL
" TUNING

F WEIGHT
’ 24 Pounds

" SIZE
4 One Half ATR

€ DEPENDABLE

Simple to Service

APPROVED TYPE
Certificate #770

HARVEY-’EI.I.S

INCORPORATED
"NNPLANNING FOR TOMORROW—TODA

J

SOUTHBRIDGE, MASS.
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CanYOU
USE THESE
RADIO
TOOLS?

CREI Technical Training Equips You

with the Ability to Hold and
Improve Your NEW RADIO JOB!

These “tools” are the symbol of the trained
engineer. Knowing how to use them and
apply them is an indication that you have
the ability and understanding to enjoy a
responsible, engineering position.

Your ability to solve tough problems on
paper and then follow-up with the necessary
mechanical operation is a true indication
that you have the confidence born of knowl-
edge . . ., confidence in your ability to get
and hold the better-paying positions and
enjoy a secure career in the expanding fields
of radio-electronics.

Now is the time to do some post-war plan
ning of vour own. Investigate CREI home
study courses that offer a proven program
for personal advancement. One CREI stu.
dent, a broadcast engineer, recently wrote:
“l found your course sufficiently advenced

tor a college graduate, and of an engineering
nature.”

® WRITE FOR FREE 32-PAGE BOOKLET

1f you have had professional
radio experience and want job
and financial security—let us
prove we have a planned pro-
gram of study to help you.
To help us intelligently answer
your inguiry, PLEASE STATE
BRIEFLY YOUR BACK.-

GROUND OF EXPERIENCE,
EDUCATION AND PRESENT
POSITION.

CariTolL. RADIO
ENGINEERING INSTITUTE

E. H. RIETZKE, President

Home Study Courses in Practical Radio-Electronics
Engineering for Professional Self-Improvement

Dept. CO-2 3224—16th Streef, N. W.
WASHINGTON 10, D. C.
Contractors to the U.S. Navy—U.S. Coast Guard

~—Canadian Broadcasting Corp.—Producers of
Well-trained Technical Radiomen for Industry.

RADIO RANGE BEACONS

(Continued from page 48)

rough weather the danger is obviously
greater.

When the pilot is on a leg of an
SRA (or SMRA) range he receives,
as he would from an MRL station,
either the steady tone or individual
quadrant signals interrupted by the
call. But (and this is the important
thing), when weather broadcasts are
made by the range stations, he hears
them at the some time as the regular
range signals, which are not cut off
as in the case of the MRL transmitter.

The pilot who has his switch in the
proper position hears the range sig-
nals in one earphone and the weather
information in the other. The range
signals continue to be interrupted at
regular intervals by the station call
letters. In larger aircraft, where the
pilot sometimes listens constantly to

the range while the co-pilot records
the weather or voice broadcasts, the
receiver is arranged so that one set of
headphones can be connected to the
range and another to the voice broad-
casts.

The distance a radio range can be
heard depends on the power output
and type of station, the time of day,
and the terrain controlled by its legs.
At nighttime in mountainous regions
the useful range of an MRL station
may not exceed twenty or thirty miles,
while over water the same type of
station may put out signals audible up
to two- and three-hundred miles. In
relatively flat territory the mnormal
range of an SRA station is from one-
hundred and fifty to two-hundred
miles.

Radio range beacons have been in
use in the U.S. for over fifteen years.
The more than five hundred stations
cperated in the continental U.S. by
the AACS and the CAA and the large
number of new stations activated each
month here and abroad by the AACS
are strong evidence of their effective-
ness and generally satisfactory per-
formance. The most serious adverse
criticism that can be leveled against
them is the fact that in mountainous
regions they develop multiple courses.
In this country these are irequently
met with in the Alleghenies, the
Rockies, and the ranges of the West
Coast. So far, the only means of
checking the effect of these reflections
that disturb the range pattern is a
system of monitoring ranges wherever
possible and charting the multiple
courses so that pilots flying such routes
will know of their existence.
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SIGNS IN VACUUM TUBES

{Continued from page 38)

€ Instantaneous grid velt-
age

e, Instantaneous plate volt-
age

e, Instantaneous voltage
drop across tube load

(eg)e Instantaneous grid con-
trol voltage

I, Complex plate current,
rms, of complex peak
value Iom

|1, | Piate current, rms, of peak
value | 1. |

E, Complex grid voltage,
rms

E, Complex plate voltage,
rms

Eu Complex voltage across
load, EL = —E,, rms

EL Complex voltage across
output terminals, rms

(Eg)e. Complex grid control volt-
age, Tms

(ANl deviations measured from

average values)

IMPEDANCE TRANSFORMATION

(Continued from page 56)

changed. We thus see that only coit-
stant R lines and constant G lines may
be followed by the Z point in moving
from Z; to Z,. This would also apply
to any other point chosen to represent
impedance as, for example, the ¥
point.

There is one constant K and one
constant G line through each of the
end points, Z, and Z., or four lines
altogether : two straight lines and two
circles. Three possibilities are listed
in Figure 5, depending on the relative
values of Z. and Z;. As explained in
Figure 5, there are always two possi-
ble solutions, sometimes four. When
four alternatives are possible, two of
them call for the use of condensers
only, (or coils only).

Figure 5 also presents a numerical-
example. A handy tabulation for de-
termining what element addition cor-
responds to a given displacement of
the impedance point is also given.

In the concluding installment will
appear a discussion of impedance
transformation obtained by means of
u-h-f transmission lines.

(A fuller treatment of this subject will

appear in a forthcoming book by Mr,

Selgin on Steady State Transmission fo
be published by Premtice-Hall.)
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ELECTRICITY
For Any Job Anywhere

¥ ONAN GASQOLINE DRIVEN ELECTRIC GENERATING
PLANTS provide eleetricity where power lines ore nog available
and for emergemey service,

They're doing & war winning job on ell the fighting fronts
denersting light and power for communications work end ether
war tasks.

Sizes from 380 to 35000 watts. 50 ¢¢ 800 eyeles, 110 to 660
volts, A.C.—6 to 4080 volts, D.C. Alse A.C. and D.C. output
modela.

Your inguiry regarding present or post-war meeds will reeeive
pPrempt sttention.

D. W. ONAN & SONS

1265 ROYALSTON AVE. MINNEAPOLIS, MINN.

ELECTRIC DLANTE

R-Q Luartz

Crystals

Frequency Control

and
Special Applications

Accurate, and

Dependable

We are equipped to handle any type or
size order. May we quote you on your
future requirements? Immediate delivery.

R9 Crystal Company, Inc.
507-903 Penn Ave. Pittsburgh, Penna.

Does Your Product Require
More Compact Resistors?

The war has proven the importance of compact-
hess in radio, electronic and electrical equip-
ment. Unquestionably the dimensions of many
post-war products will reflect the studies that
have been made to conserve space. More com-
pact components developed for the war will
find great demand for peace-time users.

The Ward Leonard Strip Type Resistor is a
typical example. Its flat section permits in-
stallation in places where there is not room
for a round section resistor of the same val-
ue. Other reg-
ular Ward Leon-
ard Resistors
are available
for special pur-
poses.

Strip Resistors may be mounted |
singly or mounted in any muldiples.

The Ward Loonard Resistor Gataleg shows
resistors of various types, terminals,
mountings, enclesures, and resistapee
values, Send for it.

WARD LEONARD

RELAYS - RESISTORS - RHEQSTATS

Electric control SWL! devices since 1892.

WARD LEONARD ELECTRIC COMPANY
75 SOUTH STREET, MOUNT VERNON, N. Y.
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tect tubes and other
plug-in components
from loosening under vi-
bration, get acquainted \\*
with
BIRTCHER

LOCKING TYPE

TUBE CLAMPS

See page B2 this issue.

and ‘phone wire
or write us,

THE BIRTCHER CORPORATION

Monuvfaocturers of AIRCRAFT.

and RADIO PARTS
5087 HUNTINGTON DR. -

LOS ANGELES 32

The RED CROSS is at his side
and the Red Cross is YOU!

This Space Contributed by the Publisher

THE INDUSTRY OFFERS .. .-
(Continued from page 85)

an eight-hour portable, a one-to-eight
hour stationary unit, and a small unit
which records for up to one hour.

P

REINER WIDE-RANGE OSCILLOSCOPE
A 5" oscilloscope, model 556, equipped
with a direct reading voltmeter for mea-
suring the input signal, 1s now being
made by Reiner Electronics Co., 152
West 25th Street, N. Y. 1, N. Y.

The sweep generator is said to have
a frequency range of 1000 kc., 20 cycles
to 1 mc. The horizontal amplifier as
well as the vertical amplifier is said to be
practically flat to 2 megacycles; Z axis
amplifier is said to be useful up to 6
megacycles, permiting blanking and
marking.

*k Kk
TECH LAB MICROHMMETER
A completely a-c operated instrument
capable of measuring from .0001 ohm to
one megohm has been designed by Tech
Laboratories, 7 Lincoln Street, Jersey
City 7, N, J.

The low current at the terminals of
the instrument known as type G-710
microhmmeter, makes ¥ possible to mea-
sure contact resistance in  relays,
switches, joints, bondings, etc, without
changing the actual conditions of con-
tact by heat or welding effect, No cur-
rent terminals are said to be required
as used in the Kelvin bridge. High cur-
rent effect may he studied, however, by

applying up to 5 amperes, in series with
the resistance under test. This will not
change the readings except for the in-
ternal resistance of the d-c¢ source (0-1
ohm range),

Sensitivity is said to be variable from
zero to one part in 10,000. A .5-0-.5 ma
d-¢ galvanometer is used as a null in-
dicator. There is said to be sufficient
d-c output to drive a recorder or sensi-
tive relay. Size 1815" x 815" x 6.

* % *

A-M-P PRE-INSULATED SOLDERLESS
TERMINALS
Pre-insulated terminals with the insula-
tion permanently bonded to the copper
of the terminal have been produced by
Alircraft-Marine Products Inc, 1591F
North Fourth Street, Harrisburg, Pa.
These terminals are said to require
only one operation, crimping the terminal
on the wire with an A-M-P installation
die. The pre-imsulation is said to take
the exact contour of the crimp without
distortion, cracking, or drying out in use.
For identification of terminals and
matching  dies each of two sizes are

Syivania
Lotk.in
Recaiving
Tube

"DERFORMANCE PERFECTIONISTS

Circuit engineers, by never-
ending tests of Sylvania Ra-
dio Tubes, perfect their per-
formance and
compile data
that leads to new
electronic tube
developments.

SYLVANIA

ELECTRIC PRODUCTS
EMPORIUM, PA.

=

(Army -
Navy E}
Radlo
Division

INC.

'BURSTEIN-AP

1012-1014 McGee St.

ELECTRONIC
__DEVICES//

CO.
Kansas City, Missouri

21 HENRY

CUSTOM BUILT

AMPLIFIERS, OSCILLOSCOPES
INDUSTRIAL CONTROLS

INoUSTRIAL ELECTRONICS, INC.
DETROIT 1, MICH.

EXCLUSIVELY

CRYSTALS

ORDERS SUBJECT TO PRIORITY
PETERSEN RADID CO., Courncll Bluffs, lowe

b

\4

1934

CRYSTALS by Bl RO W AR

Thousands of vital transmitting installations rely con the accuracy” and
dependability of Hipower Precision Crystal units. With racently ealarged
facilities, Hipower is maintaining greatly increased production for all

' impartant services. When essential demand begins to reéturn to normal,
Hipowar will be glad to help with your crystal needs. -

HIPOWER CRYSTAL CO.

Sales DRivision—205 W. Wacker Drive,

_Factory—2035 Charleston Street,

Chicagoe
Chicage, I

SHARE YOUR
OF
COMMUNICATIONS

Your Associate Engineers and Technicians wlill
appreclate your courtesy. Uncle Sam will alse.

COPY
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marked with distinctive colors; red for
Dovoun terminals and dies for wire sizes 22 to
18, and blue for wire sizes 16 to 14.
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MIDGET AMPERITE REGULATOR

Compact automatic regulators designated
as the T-6 are announced by the Am-
perite Company, 561 Broadway, N. Y.
12, N. Y.

An increase in voltage of approximate-
ly 250% with a 10% change in current
through it, is said to be availabte. This
regulation is obtained by the use of an
iron filament hermetically sealed in a
hydrogen atmosphere, A standard two-| =
contact auto base is used. o

i

N L

You can count on |
W1 Wincharger Anten-
N na Towers. They

combine strong effi-

cient coverage with
: built to last quali-
o ties that insure you
S years of service.
_ Add to these ad-
e vantages their strik-
ingly attractive ap-
: J pearance plus a sen-
< sationally low initial
cost and it's easy to
see why an ever in-
creasing number of

Are you engineers having trouble finding
an exactly correct electrical power sup-
- ply for today's war products? Are you
- planning the power supply for your fu-
* ture products? Then Jet Wincharger En

N

~ gineers help you. They can save you lots - ;"’ Wincharger Anten-
-i_ of Hme and worries if you need: &«s na Towers are being
; i o

MOTORS CE ?:JM} used for~.
@ Ruilt in and shell fype motors e;,w AMERTYPE FILM RECORDER iﬁf Commercial Brogd;a"s[‘j,g
- @ Adijustable speed motors 3 An acetate film tape recording unit, the g?.gg o Police Work
- ) Syncronous Motars . Iiecortdgrapg, hai1 be.eri agnounce;i_ by Egg i}g; Signal Corps Air Lines
@ Rotary Electrical aviation equipmedt |5 mertype Recordgraph Corporation, . ;
& etary | West 52 Street, New York 19, N. Y. a| | Ordnance Plants
® Dynamotors and Inverters | | subsidiary of American Type Founders. §§é§ Tobe sure for years ahead
A; @ Motor Generater sets ’c'l]?he %ni}t is saiq[_ to be capable of dgro— . be sure to specify Win-
® Railrcad Cor Lighting Generators " ;lsi;lrégSSm;?ugfm? permanent recording, § charger Antenna Towers.

ok % e "‘"".‘_@W@:&m e
o
RCP PRODUCTION MULTITESTER L
An electronic multitester for speed pro- | Mo BRI
duction testing is now available from ﬁﬁﬁ’é‘;’ Mﬁ '%3'“0 =
Radio City Products, 125 West 26th St., G @ "RS"' ELECTRIC N
N. Y. 1, N. Y. ] y
o20e N\ %nown as‘dtheé7663A multilt)ester it ig § - oﬁrﬁ%“ sk ’§
] Miemargy P said to provide vacuum tube operate e - b
= m" b ranges: 13 a-c and d-c voltage scales, gﬁw@é Wﬁ@ ﬁéf &
2 Faouroes | measuring from a fraction of a volt to FASE ,:ED':I'I‘;“"[S
l” 6,000 volts. High voltage test leads; r.f.
”Ge_ ﬁm lead: signal tracing probe; resistance )
and capacity lead, and a voltage regulator AR ' ) ; ADIATOR
ElE[TRl[Al EuI"PME"T VR 105-30 are also included.
Size is 933" x 1014”7 x 614"; weight ARGER CORPORATIO 0 0
WINCHARGER CORPORATION SIDUK CITY, Iowa s 7% pounds.
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THE BROADCAST ENGINEER
Kegp Tiem op

The monitoring instruments you depend upon

lo keep your stalion in top-notch operating con-

dition—modulation monitors, frequency monitors,

PERCENTAGE -
MODULATION

and distortion meters—are no longer available for
sale. The last of our small remaining stock has been
sold, and no more ¢an be made until after the war.
This makes it more important than ever that you
Keep your existing instruments operating until the

war ends.

So—as part of the splendid job you are doing to keep
your station in service, don’t overlook routine mainte-
nance on your monitoring equipment. A few hours
spent now in cleaning and adjusting instruments

will pay you good dividends in the form of pro-

longed life and uninterrupted service. Our SERVICE
AND MamnteENaANCE Notes tell you how to do it. If
you don’t have these notes for your General Radio

instruments, write for them today.

After the war, new and better up-to-the-minute,
high quality equipment will be available. Designs
are complete and will be put in production at the
earliest possible moment. In the meantime—con-

serve the instruments that you have,

. G ENERAL RADIO GOMPANY Cambridge 39, Massachusetts
‘ NEW YORK CHICAGD LOS ANGELES
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...new weapon of war

It happened 1n France 10 43—
the harvest was in—granaries full.

8
His Ukrainian “‘breadbasket’ in
danger . . . the Nazi hurried

for the food of France—but

found famine awaiting him instead.
Radio's “"Voice of America’
beamed at cthe farmers of France
had neatly crossed him up.

Anticipating Nazi intentions

American shortwave broadcasts

had forewarned the French . . .

urged them to wicthhold crops

hide what they couldn’t use;

burn what they couldn’t hide.

They did—under Nazi penalcy of death.
Burning mills, crops and barns

greeted the Hun—for A

famine had arrived by radio.

So—add another triumph to

the wartime laurels of American Radio—
it fights on the ""3rd Front”

where men's minds—not bhodies—

are target and bactlefield too . ..
where the will to win

is the mission.

On that vital "“3rd Front”

transmitters and COMMUUIICATIONS
equipment engineered by Westinghouse
play an indispensable role.

New advancements today . . . i1
television . . . FM . . . electronics . . .
will tomorrow enable broadcasters

to render even greater service

o out courntry. , J-08070
Westingh |
PLANTS IN 25 CITIES. .. OFFICES EVERYWHERE |

RADIO DIVISION Baltimore, Md.
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